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 Foreword             

   V

 This book will be published   in the fourteenth year of the IzS Foundation    –    a great 
pleasure for me! 

 The beginnings of the Foundation in the early 1990s were really not that easy. 
One group of people maintained that if women are to be supported, then they 
should be the unemployed, the sick, or mothers with children. If those to be sup-
ported must be academic women, then at least they should be the ones with 
problems,   for whatever reason. Another group asserted that an award can only be 
given to someone dedicated to gender equality, women ’ s rights, or similar 
issues.     

 In my opinion, support is already available for the aforementioned groups    –
    perhaps not enough, but, after all, there is a large social network. Offi cials charged 
with ensuring women ’ s rights are certainly necessary to implement existing laws 
but, I think, they are not essential. Hopefully, the need for these offi cials will soon 
disappear    –    because who among us wants to be a  “ token woman ” ? 

 What is really important is to permit women to employ their intellectual poten-
tial positively, so that they receive encouragement and support on their often 
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thorny path    –    support in terms of saying  “ you are great, don ’ t be deterred, and stay 
on your course! ” . 

 I would like to repeat three statements I once gave as the Founder of the IzS 
Foundation: 

   •      We support the intellectual elite of women, so that they do stay at their work and 
don ’ t go back to the kitchen for ever.  

   •      A person who supports the intellectual elite also supports others    –    indirectly, but 
perhaps more effi ciently.  

   •      We support the status of women not via a bottom - up approach, but by raising 
standards.    

 These are the reasons why the IzS scientifi c awards were created. They certainly 
are a fi nancial stimulus, but it is much more important to publicly highlight these 
excellent scientifi c women! 

 In order to achieve these aims and ensure their effective endurance, we stimu-
late an effi cient, interdisciplinary network among the recipients. For this reason, 
the IzS Foundation has initiated the IzS Fellowship to include all our award recipi-
ents, with the central aim that they support and coach one another. 

 This includes, but is not restricted to, informal regular e - mail and telephone 
contacts, meetings on the occasion of the annual award ceremony organized by 
the Foundation Board, and additional seminars about important career issues. For 
example, the last Fellowship seminar was held on  “ Contact with the Media. ”  

 At present, the members of the Fellowship are ten recipients of the Medical 
Research Award, two co - opted members, and two honorary members. The ten 
Award recipients are Babette Simon (Full Professor and Vice President, Marburg 
University, Germany), Barbara Rehermann (Full Professor, NIH, Frederick, USA), 
Rita Schmutzler (Full Professor, University of Cologne, Germany), Claudia Frank 
(Associate Professor, now in own practice), Simone Fulda (Full Professor, Univer-
sity of Ulm, Germany), Heike Allgayer (Full Professor, University and German 
Cancer Research Center Heidelberg, Germany), Carola Berking (Associate Profes-
sor, Ludwig Maximilians University Munich, Germany), Silke Anders (Medical 
Research Associate and Guest Scientist, University of Luebeck and Bernstein 
Center for Computational Neuroscience, Berlin, Germany), Rohini Kuner (Full 
Professor, University of Heidelberg, Germany), and Henriette L ö ffl er - Stastka (Full 
Professor, University of Vienna, Austria). Further members of the Fellowship are 
Isabel Mundry (composer, Full Professor), Shi - Yeon Sung (musical conductor), 
Natalie Clein, Kaori Yamagami, and Eun Sung Hong (cellists), as the winners of 
the Music/Culture Award.   With increasing interactions between all Fellows, we 
fi nd striking similarities in career mechanisms and obstacles. In 2008, Dr Rafaela 
Hillerbrand (University of Oxford, UK) also joined the Fellowship as the fi rst basic 
scientist to win the new IzS Basic Research and Informatics Award. 
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 Two awards for promoting human rights have been given: 

   •      In 2002 to  “ Forward Germany ”  e.V., working against female gender mutilation 
in Germany,  

   •      In 2007 to Seyran Ates, German – Turkish lawyer, living in Berlin, for her work 
to improve the situation of Muslim women in Germany.    

 We are on the way! 

 I congratulate the IzS Fellows who created this book on the increasingly impor-
tant topic of Hereditary Tumors, collaborating with a signifi cant majority of female 
authors as experts in the respective fi elds    –    but certainly equally acknowledging the 
expertise of their male colleagues and authors. I thank all of them sincerely, above 
all Heike Allgayer for this outstanding work! 

 Let us go forward together to improve the status of women! 

         

 Dr med. Ingrid Gr ä fi n zu Solms - Wildenfels 
 Founder and Donor, the Ingrid zu Solms - (IzS) - Foundation 

 A foundation dedicated to the support of the female intellectual 
elite in science, culture, and to ensuring human rights 

       
Frankfurt, Germany, January 14, 2008





 Preface 

   IX

         Due to recent rapid advances in genomics, there has been an enormous progress 
over the last years in our understanding of hereditary and familial tumors and 
cancer syndromes. It is now well appreciated that hereditary conditions, such as 
germline mutations or polymorphisms, may have an important impact on tumori-
genesis and tumor progression in humans. Also, the genetic composition may 
substantially impinge on the individual response to cancer therapy. However, we 
were surprised to learn that no comprehensive book so far compiles these tremen-
dous achievements into an overall and state - of the art picture of hereditary and 
familial tumors. In response to this demand, the objective of this book is to give 
the latest and updated overview on the existing knowledge on hereditary aspects 
of human cancers, to elucidate their molecular mechanisms, to discuss the 
diagnostic potential of genetic changes, and to summarize cutting - edge develop-
ments in disease management and treatment of hereditary tumors and cancer 
syndromes. 

 The structure of the book provides a fi rst general section outlining essential 
mechanisms relevant for tumorigenesis, progression and metastasis, and specifi c 
molecular events contributing to hereditary tumor diseases. In a second section, 
overviews on the syndromal types of hereditary tumors are given, followed by a 
specifi c section in which hereditary tumor conditions are discussed for specifi c 
organs and sites. Finally, a last section provides general thoughts, trends and 
examples for genetic counseling, psycho - oncology, and molecular targeted therapy. 
By providing a framework on how our knowledge on genetic causes of hereditary 
tumors can be translated into clinical application, we believe that the book will be 
of interest to a broad readership, including geneticists, oncologists, pathologists, 
molecular and cell biologists, and those working in pharmaceutical and biotech-
nological industries.  

   Frankfurt/Main, Mannheim/Heidelberg, 
Ulm, Vienna, October 2008 

  Heike Allgayer, Simone Fulda, 
Helga Rehder, and the Fellowship 
of the Ingrid zu Solms - Foundation         
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 Hereditary Tumors    –    General Aspects 
Part I 





 General Insights Into Tumor Invasion, Progression, 
and Metastasis  
  Heike   Allgayer   

   3

1

  Invasion, progression, and metastasis are the hallmarks of malignant tumors, 
regardless of potentially hereditary compounds. Therefore, this introductory 
chapter will give a general overview of the major steps of the metastatic cascade, 
outline major phenomena contributing to metastasis, and introduce major mole-
cules promoting these processes. Finally, current preliminary knowledge on 
potentially hereditary aspects of these molecules will be briefl y discussed. However, 
this particular aspect is in desperate need of extensive further investigation.      

  1.1 
 The Metastatic Cascade 

 One of the hallmarks of malignant tumors, as opposed to benign tumors or physi-
ological processes such as embryogenesis and wound healing, is an uncontrolled 
destruction of surrounding tissue (invasion), and the formation of destructive 
metastases. Tumor recurrence and metastasis are certainly the major limiting 
issues as to life expectancy of patients with malignant tumors, and certainly they 
represent the most pressing problem to any clinician treating cancer patients. 
Therefore, a description of the major steps of the metastatic cascade and major 
molecular events promoting metastasis are included in the general introduction 
of the present book. 

 The metastatic cascade occurs via fi ve decisive major steps: 
  1.     Local invasion  
  2.     Intravasation  
  3.     Dissemination  
  4.     Extravasation, and fi nally  
  5.     Establishment of distant metastasis (Figure  1.1 )      

 The initial step of  local invasion  involves several molecular processes such as the 
loss in cell – cell adhesion and also cell – matrix adhesion, which often is accompa-

Summary
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nied by a downregulation of diverse adhesion molecules, an enhanced migratory 
potential of cancer cells, and an effi cient and uncontrolled local destruction of 
components of the surrounding extracellular matrix such as proteoglycans, colla-
gen IV, vitronectin, or laminin. 

 The second step of  intravasation  refl ects the ability of tumor cells to invade 
lymph and especially blood vessels. This again is characterized by the ability of 
the tumor cells to specifi cally destroy components of the basement membrane of 
vessels, such as collagen IV or laminin, and to transmigrate through basement 
membranes and endothelial layers. 

 The ability of tumor cells to enter lymphatic or blood vessels is the prerequisite 
for the third step of metastasis, which is the systemic  dissemination  of tumor cells 
throughout the body. Increasing evidence suggests that, even in early stages of 
solid tumors, disseminated tumor cells can be found in lymph nodes as well as 
the bone marrow of cancer patients, both compartments potentially acting as 
a fi lter for spreading tumor cells (Figure  1.2 )  [2 – 5] . Disseminated tumor cells 
in lymph nodes and bone marrow have been detected in patients with various 
malignant diseases, such as breast, gastric, colon, and lung cancers  [6 – 20] . How-

    Figure 1.1     Schematic representation of the metastatic cascade. 
 ECM ,  extracellular matrix ;  BSM ,  basement membrane ;  BV , 
 blood vessel ;  BM ,  bone marrow .  (Figure cited from  [1] )  .   
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ever, since their prognostic relevance is still controversial, there is ongoing debate 
about the biological relevance of these cells. Increasing evidence suggests that 
certain phenotypic markers such as erb - B2, u - PAR, molecules of immune 
response, or proliferation markers, as well as long - term development of these cells 
over time after curative tumor resection of solid tumors, might indicate tumor 
cells critical for the development of a minimal residual disease component that 
might give rise to later tumor recurrences  [5, 7, 21 – 23] . However, debate is still 
ongoing.   

 After systemic dissemination, the fourth step within the metastatic cascade is 
the  extravasation  of the tumor cell at the metastatic target site, which again involves 
transmigration through the endothelium as well as successful destruction of the 
basement membrane. 

 The fi fth and fi nal step, which is the  establishment of distant metastasis  at the 
target site, is probably the most complicated and involves several different molecu-
lar processes which need to interact successfully for metastasis establishment. 
Again, tumor cells need to destroy components of the extracellular matrix, be able 
to migrate at the metastatic site, and especially to divide, proliferate, and stimulate 
the generation of novel tumor vasculature providing them with nutrients and 
oxygen (neoangiogenesis). Therefore, a successful and complicated interaction 
between molecules of adhesion, migration, proteolysis and invasion, angiogenesis, 
cell growth, and proliferation is necessary to establish metastasis. 

 An additional important phenomenon to be discussed in the context of the 
metastatic cascade is the phenomenon of  “ dormancy ” . It has often been observed 

    Figure 1.2     Disseminated tumor cells in the bone marrow of a 
patient with gastric cancer. Tumor cells have been detected with 
immunocytochemistry, using cytokeratin 18 as a marker (red). 
Arrows indicate an additional staining (black) for the invasion -
 related molecule u - PAR (see text).  (Figure cited from  [1] ).   
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in tumor patients that tumor recurrence and metastasis do not occur immediately, 
but can occur even several years after curative resection of the primary tumor. 
There is increasing evidence that tumor cells can be kept in a quiescent state, most 
likely corresponding to a G0/G1 - arrest, which enables tumor cells to survive in 
the body for several years. After being reactivated, these dormant cells might give 
rise to tumor recurrence and metastasis, even many years after curative tumor 
resection. The phenomenon of dormancy and especially the molecular and micro-
environmental conditions inducing, or releasing cells from dormancy, are the 
subject of intense current investigations by several research groups  [1] . 

 In summary, the metastatic cascade consists of fi ve major steps, which are 
brought about by the complex interplay between many different molecules. Still, 
however, the major molecules driving the metastatic cascade can be summarized 
as a few major molecular groups: (i) molecules of adhesion/migration; (ii) mole-
cules of invasion, which in mainly represented by proteases; and (iii) molecules 
promoting angiogenesis, growth, and proliferation. Major molecules of these 
classes will be discussed below. However, it should be emphasized that one of the 
major hallmarks of successful metastasis in general is  interaction . 

 First, there is intensive interaction between the different molecular groups 
involved in metastasis at the molecular level. For example, it is well - known that 
growth factor receptors or certain factors of angiogenesis, such as the VEGF/
VEGF - R - family, via specifi c signaling cascades and transcription factors, can 
induce the expression of genes relevant for promoting tumor - associated proteoly-
sis, migration, or invasion. On the other hand, as will be discussed below, certain 
invasion - related molecules are able to initiate signaling cascades, which again 
promote proliferation or angiogenesis, or can even provide molecular switches 
between tumor cell proliferation and dormancy (see Section  1.2.2.4 ). Furthermore, 
it is well - known that major signaling molecules such as K - Ras or c - Src, often found 
activated in tumors and especially in tumor metastasis, can induce the expression 
of several molecular classes related to metastasis, such as genes promoting pro-
liferation, migration, and invasion  [1] . 

 Second, there is increasing evidence that invasion and metastasis most effi -
ciently rely on complex interactions between tumor cells and surrounding stromal 
cells such as tumor - associated macrophages, endothelia, or fi broblasts  [24 – 27] . 
Several studies indicate that, for example, receptors for tumor cell growth, angio-
genesis, or invasion are being overexpressed by cancer cells, whereas the stimu-
lating ligands, such as EGF, VEGFs, or u - PA are being recruited from the 
surrounding stroma. Therefore, cancer cell metastasis is an interactive process 
between different classes of molecules, cancer cells and their environment, and 
especially cancer cells and surrounding benign stromal cell types. This certainly 
is one of the explanations why, despite of the dangerous nature of processes 
leading towards metastasis, fortunately the process of metastasis is highly ineffi -
cient, and only a minority of primary tumor cells will fi nally succeed in establish-
ing metastasis  [28] .  



  1.2 
 Key Molecules Promoting Metastasis 

 This chapter will briefl y discuss major molecules and molecular classes contrib-
uting to metastasis. Since tumor - associated proteases and especially the u - PA -
 system have been shown to be major players in most steps of the metastatic 
cascade, there will be an emphasis on these. In general, we encourage the reader 
to consult specialist reviews and articles, to widen their knowledge on specifi c 
molecules. 

  1.2.1 
 Adhesion and Migration 

 The phenomena of adhesion and migration represent a complex interplay between 
components of the cytoskeleton, especially the actin cytoskeleton, molecules of 
cell – cell - adhesion, molecules of cell – matrix adhesion, specifi c subcellular molecu-
lar aggregations, such as focal adhesion contacts or desmosomes, and specifi c 
signaling cascades interacting with, or initiating them. For a complete overview 
of mechanisms of cell migration and adhesion, the reader should consult addi-
tional literature and specialized books, since a complete description of all mole-
cules and phenomena in this context would exceed a single chapter. In the context 
of cancer and metastasis, however, a few molecules should be highlighted. Regard-
ing cell – cell - adhesion, it has been shown that especially cadherins (in particular 
E - cadherin) are often downregulated in cancers, thus enhancing migration of 
tumor cells and supporting the transition of the epithelial tumor cell to a mesen-
chymal type (epithelial mesenchymal transition, EMT). Cadherins are transmem-
brane molecules that interact transcellularly with intracellular catenins, providing 
interactions with signaling molecules regulating, for example, the rearrangement 
of actin fi bers, which contribute to major mechanisms of cell motility such as 
lamellipodia, fi bropodia, or membrane ruffl ing. In this context, the  adenomatous 
polyposis coli  protein ( APC ), to be discussed later in the context of hereditary 
colorectal cancer, has been described as forming a complex with  β  - catenin in its 
wildtype form, inducing degradation of  β  - catenin. Major signaling molecules regu-
lating actin rearrangement are Rho, Rac, and Cdc42, in addition to PI3K (phos-
phoinositide 3 - kinase)  [29, 30] . It has been shown that these signaling molecules 
are often activated in cancer, thus supporting phenomena related to cytoskeletal 
rearrangement, adhesion, and migration. 

 One of the major molecular classes of cell – matrix adhesion molecules highly 
relevant to cancer progression and metastasis is the class of integrins. Integrins 
are transmembraneous adhesion molecules presenting as heterodimers, consist-
ing of one  α  - chain and one  β  - chain each. Currently, there are 16 known  α  -  and 
8  β  - chains. Extracellular ligands for integrins are molecules of the extracellular 
matrix, such as vitronectin or laminin, whereas intracellular ligands, such as talin, 
enable connections to the actin cytoskeleton. Furthermore, integrins have been 
shown to activate signaling molecules, such as  focal adhesion kinase  ( FAK ), Src, 
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Ras, or  mitogen - activated protein kinases  ( MAPK ). Therefore, integrins are impor-
tant adhesion molecules providing a link between the extracellular matrix and the 
cytoskeleton, at the same time promoting phenomena such as cytoskeletal reorga-
nization, migration, but also cell proliferation and cell survival. It has been shown 
that integrins cluster in focal adhesion contacts, this again enhancing the expres-
sion of genes related to progression (e.g. EGF, FGF), apoptosis, the cell cycle, inva-
sion, and angiogenesis (e.g. VEGFs). Certain integrins have been suggested to be 
related to cancer cells, or especially to endothelia found in tumor vessels (e.g. alpha-
5beta1, alphavbeta3, alphavbeta5). Therefore, novel compounds targeting certain 
integrins potentially are attractive candidates for novel cancer therapeutics  [31, 32] .  

  1.2.2 
 Tumor - Associated Proteolysis and Invasion 

 As stated above, most of the specifi c steps of the metastatic cascade involve the 
degradation of extracellular matrix components, such as type IV collagen, laminin, 
vitronectin, proteoglycans, and others. This proteolytic degradation necessary for 
local invasion, intravasation, extravasation, and establishment of distant metasta-
sis is accomplished by a series of tumor - associated proteases  [33]  which, by their 
proteolytic capacities, enable several different steps of the metastatic cascade 
(Figure  1.1 )  [34] . According to the catalytically active site of these proteases, they 
are classifi ed into serine, aspartic, cysteine, threonine, and  metalloproteinases  
( MMPs )  [33] . The proteases are either secreted by the tumor cells, or by cells in 
the surrounding stromal compartment recruited by the tumor cells. These enzymes 
do not differ from the enzymes which are involved in several tissue remodeling 
processes such as wound healing, fi brinolysis, infl ammation, embryogenesis, and 
angiogenesis  [35 – 38] . In fact, the quantity rather than the quality of their expres-
sion contributes to the invasive phenotype of malignant cells  [39] . 

 One of the major molecular systems shown to be decisive for invasion and 
metastasis in many different cancer types is the urokinase -  or u - PA - system. The 
u - PA - system consists of  urokinase - type plasminogen activator  ( u - PA ), the glyco-
lipid - anchored receptor (u - PAR), the two serpin inhibitors  plasminogen activator 
inhibitor - 1  ( PAI - 1 ) and  plasminogen activator inhibitor - 2  ( PAI - 2 ), and nexin 1, 
which up to now has not been shown to play a major role. 

  1.2.2.1    u  -  PA  
 One of the best characterized  “ tumor - associated proteases ”  is the u - PA, which has 
been implicated in the invasive phenotype of tumor cells. u - PA is a serine protease 
with a molecular mass of 55   kDa. It is an important component in the fi brinolytic 
system converting plasminogen to an active enzyme, plasmin. Enhanced activity 
of plasmin promotes the degradation of extracellular matrix components including 
fi brin,  fi bronectin  ( FN ), proteoglycans and, as the main molecules in basement 
membranes, laminin and collagen IV, in part by activating MMP - 2/9  [38, 40, 41] . 
u - PA is produced as an inactive single - chain protein secreted from cells of the 
urogenital system, leukocytes, fi broblasts, and also tumor cells including breast, 
colon, ovary, gastric, cervix, endometrium, bladder, kidney, and brain tumor 
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tissues  [38] . It is proteolytically activated either in the extracellular space or bound 
to the urokinase - receptor (u - PAR)  [41, 42] . u - PA consists of two disulfi de bridge -
 linked polypeptide chains, a C - terminal serine proteinase domain, and an N - 
terminal A - chain. It is released from the cells in the single - chain form (pro - u - 
PA). Plasmin can catalyze the conversion of pro - u - PA to the active two - chain - form 
u - PA, preferentially at the u - PA - receptor.  

  1.2.2.2    u  -  PAR  
 The 55 – 60   kDa heavily glycosylated, disulfi de - linked cell surface receptor (u - PAR) 
binds both single - chain pro - u - PA and active two - chain u - PA  [43, 44] . Binding of 
the A - chain of the active two - chain form of u - PA allows activation of ubiquitously 
available plasminogen and initiation of the proteolytic cascade by the catalytic 
B - chain  [45] . The u - PAR consists of three similar repeats of approximately 90 
residues each, the last of which is anchored to the cell membrane via glycosyl -
 phosphatidylinositol  [46] . This GPI - anchor is hypothesized to enable high intra-
membrane mobility  [44, 46] . Furthermore, the u - PAR is glycosylated at N - residues 
of glucosamine and sialic acid within the binding site, thereby regulating its affi n-
ity (KD of 0.1 – 1.0   nM) for u - PA  [46] . Receptor - bound u - PA, as compared to the 
fl uid phase enzyme, activates plasminogen more effi ciently, this being refl ected 
by a 40 - fold decrease in km of urokinase for its substrate  [46] . Recently, the crystal 
structure of a soluble form of human u - PAR was reported. Based on the crystal 
structure of the u - PAR - peptide complex, a model of the human u - PA – u - PAR 
complex was constructed, revealing for the fi rst time how the modular structure 
of u - PAR may guide u - PA - focused proteolysis at the cell surface, and control cell 
adhesion, migration, and invasion  [47] .  

  1.2.2.3   Plasminogen Activator Inhibitors 
 The two best known inhibitors for u - PA in the context of cancer are the glycopro-
teins plasminogen activator inhibitor - 1 and  - 2 (PAI - 1 and PAI - 2, respectively), 
belonging to the gene family of serine protease inhibitors called serpins  [48 – 50] . 
In the context of cancer, especially PAI - 1 forms a complex with two - chain u - PA 
 [51] , and it has also been shown to form a reversible complex with single - chain 
u - PA  [52] . Receptor - bound u - PA is inactivated by PAI - 1 ( - 2), the trimeric complex 
u - PAR/u - PA/PAI is internalized into the cell together with a - 2 - macroglobulin 
receptor and its ligand  [53 – 56] , free u - PAR is recycled to the cell surface, and 
binding and activation of a second u - PA - molecule to the receptor can occur.  

  1.2.2.4   Evidence for Diverse Functions of the u - PAR System Relevant for Cancers 
 It has been shown that the u - PAR is colocalized with integrins and acts as a core-
ceptor for vitronectin  [57 – 59] . Furthermore, the u - PAR can be found localized at 
cellular focal contacts, lamellipodia, and caveolae, and has been shown to induce 
the phosphorylation of FAK, cytoskeletal proteins, and Src - family members  [57, 
60 – 62] . A switch between considerably different signaling cascades brought about 
by u - PAR - associated interaction can promote opposing phenomena, such as pro-
liferation and dormancy (see below this section). A schematic illustration of the 
most important functions and interactions of u - PAR is given in Figure  1.3 .   



 Numerous studies have shown an overexpression of the u - PAR gene in diverse 
human malignant tumors in contrast to the corresponding normal tissue and/or 
surrounding stromal cells  [63 – 67]  and suggested u - PAR as a characteristic of the 
invasive or even the malignant phenotype  [68 – 70] . Much experimental evidence 
has convincingly shown that an overexpression of the u - PAR in diverse  in - vitro  
and  in - vivo  models enhances local invasion, but also intravasation as specifi cally 
shown in an elegant chicken embryo model  [71 – 77] . 

 Regarding clinical studies in patient tissues, Pyke and coworkers postulated an 
 in - vivo  paracrine interaction between tumor and surrounding stromal cells, the 
former overexpressing u - PAR, the latter secreting u - PA and PAIs  [65] . 

 Moreover, prospective studies on diverse cancers involving large patient numbers 
have demonstrated a correlation of high u - PAR (and/or u - PA/PAI - 1) expression 
with short survival times and advanced tumor stages. Thus, the u - PAR and/or u -
 PA/PAI - 1 have already been shown to be signifi cant prognostic risk factors in 
many cancers, including breast  [78, 79] , lung  [80] , colon  [81, 82] , esophageal, and 
gastric cancer  [83, 84] , and some of these studies reported an independent impact 
on survival probability in multivariate analysis, this recently being confi rmed in 
an independent patient series in our own studies  [84] . First studies already impli-
cated the clinical use of the u - PA - system as a diagnostic tool to take more precise 
therapeutic decisions. For example, a large - scale study by Harbeck and her group 
addressed the issue of the predictive impact of u - PA/PAI - 1 in 3424 primary breast 
cancer patients with regard to adjuvant chemo -  and/or endocrine therapy. In this 
study, u - PA and PAI - 1 levels in primary tumor tissue provided clear information 
on relapse risk and treatment response, supporting the notion that the u - PA -
 system will help to tailor adjuvant therapy concepts in breast cancer  [85] . Moreover, 
in our own studies, we showed that the u - PAR might be one of the phenotyptic 
characteristics for the metastatically relevant phenotype of disseminated tumor 
cells found in the bone marrow of gastric cancer patients (Figure  1.2 ), since we 
found evidence for a quantitative increase of bone marrow - derived tumor cells 
harboring the u - PAR, in the follow - up of curatively resected gastric cancer patients 
 [22] . Moreover, an expression of the u - PAR on disseminated tumor cells in the 
bone marrow was an independent prognostic marker for survival  [23] . 

 From the observation that disseminated tumor cells can be detected in the bone 
marrow of patients for many years after curative tumor surgery, it can be specu-
lated that some of these cells are dormant. First evidence that u - PAR can play a 
role in tumor cell dormancy came from studies showing that a u - PAR - antisense 
strategy in a human squamous carcinoma cell line, resulting in a signifi cant reduc-
tion of u - PAR gene expression, induced tumor cell dormancy. Moreover, perma-
nent dormancy could be achieved by prolonged u - PAR - suppression  [73] . Kook and 
coauthors investigated control cells with high u - PAR protein amounts, producing 
large tumors within four weeks on the  chorioallantoic membrane  ( CAM ) model, 
whereas u - PAR - downregulated cell clones did not recover their malignant poten-
tial, even after 10 weeks on the CAM. In nude mice, downregulation of u - PAR -
 gene expression in Hep3 - cells using antisense technology was suffi cient to induce 
enhanced tumor dormancy with a rapid G 0 /G 1  arrest  in vivo   [86] . 
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 These data clearly indicated that dormancy could be induced by suppressing u -
 PAR gene expression. Previous results with immunocolocalization, resonance 
energy transfer, and functional studies had suggested integrin receptor families 
as potential interaction partners of u - PAR  [58, 59] . These results were confi rmed 
by co - immuno - precipitation of integrin  α 5 β 1 with u - PAR in the Hep3 cell model. 
Moreover, FN, a class of high - molecular - weight adhesive glycoproteins playing 
a prominent role in mediating ECM - function, is closely associated with the 
 α 5 subunit of the integrin  α 5 β 1 - receptor  [87] . Functional association between 
u - PAR,  α 5 β 1 integrins, and FN in tumorigenic cells is necessary for their optimal 
adhesion to FN, and for transducing the FN - dependent activation of  extracellular 
regulated kinase  ( ERK )  [88] . Exciting studies of Aguirre - Ghiso showed that the 
interaction between u - PAR and integrins apparently can provide a switch between 
tumor cell proliferation and dormancy, since there is an activation of the MAP -
 kinase pathway when u - PAR interacts with integrins, leading to proliferation. 
However, when the u - PAR interaction with integrins is interrupted, the P38 
pathway is activated, and the tumor cell can go into dormancy  [88] . Reconsidering 
the phenomena we described in the fi rst part of this chapter on disseminated 
tumor cells in bone marrow, we consider u - PAR to be a very likely candidate 
to provide a switch between proliferating and dormant tumor cells in this compart-
ment, especially since the bone marrow is known to be rich in FN  [87] . 

 Many recent studies show that u - PAR can be regulated by many different growth 
factors and also factors of angiogenesis, such as  epidemial growth factor  ( EGF ), 
basic  fi broblast growth factor  ( FGF ),  vascular endothelial growth factor  ( VEGF ), 
 transforming growth factor  β  type 1  ( TGF  β 1 ),  protein kinase C and A , ( PKC, PKA ) 
the MAPK - , and the JNK - pathway  [89 – 95] . Our own novel study showed that u -
 PAR - expression and invasion can be downregulated by tumor - suppressor Pdcd4 
 [96] . This underlines the functional interactions between genes related to invasion 
and proteolysis and factors of proliferation and angiogenesis. Furthermore, the 
recent discovery of microRNAs as a completely new way to regulate eukaryotic 
gene expression increasingly gives exciting insight into particular  micro - RNAs  
( miRs ) to be associated with carcinogenesis or tumor progression, since some 
miRs have been found to be overexpressed or downregulated in many tumors as 
opposed to corresponding normal tissues, suggesting that particular miRs can act 
as oncogenes ( “ onco - miRs ” ), or tumor suppressor genes. miRs regulate the expres-
sion of target genes by binding to specifi c target sites within the 3 ′ UTR of mRNAs, 
leading to a post - transcriptional negative regulation of the target, potentially in 
some cases also affecting mRNA stability (for review see  [97, 98] ). Initial functional 
studies have identifi ed fi rst targets associated with cancer progression for miRs. 
For example, miR - 15 and miR - 16 have been shown to negatively regulate Bcl - 2, 
an antiapoptotic molecule, and fi rst reports suggest that a deletion of these two 
miRs promotes leukemogenesis and lymphomagenesis (see Chapter  23  on leu-
kemias). Others reported that the microRNA let - 7 negatively regulates Ras - 
oncogenes  [98] . In our own study, we recently gave fi rst evidence that miR - 21 
negatively regulates the tumor suppressor Pdcd4, which had been seen to down-
regulate u - PAR (see paragraph above), and that it can promote local invasion,  in 



vivo  intravasation, and the formation of distant metastasis in cultured colorectal 
cancer  [99] . Therefore, it is to be expected that this and potentially further miRs 
yet to be discovered will be additional important regulators of the metastatic 
cascade, and of essential invasion - related molecules. 

 Finally, many studies in the past have characterized the transcriptional regula-
tion of the u - PAR gene as well as activating signaling cascades. Among them are 
oncogene - like transcription factors such as AP - 1, and again important signaling 
molecules such as Src and K - Ras, which often are activated during cancer progres-
sion and metastasis. Recently, in our own translational studies we characterized 
novel high - risk groups of cancer patients by transcriptional and signaling - related 
activators of u - PAR within patient groups judged to be uncritical by clinical staging 
parameters  [100] . These and other translational and clinical studies show that a 
detailed knowledge of regulatory pathways of genes related to invasion and metas-
tasis can be applied clinically, to more precisely identify patients that are high risk 
for developing tumor recurrence and metastasis. 

 In addition to the u - PAR system, many other tumor - associated proteolytic 
factors have been extensively described that promote local invasion, and also 
intravasation and metastasis. In particular, some important players in invasion 
and metastasis can be found within the group of  matrix metalloproteinases  ( MT -
 MMPs ). An aspect of them has already been mentioned in the context of the u - PA 
system. Up to now, 28 MT - MMPs have been described, and their number is 
potentially still increasing. Probably the most important representatives relevant 
for the metastatic cascade are MMP - 1 (collagenase - 1), which has been shown to 
be overexpressed in different solid cancer types, and MMP - 2 and MMP - 9, repre-
senting the 72 - kDa and 92 - kDa isoform of collagenase - IV. Both isoforms are 
essential for invading basement membranes of vessels. Comparable to mecha-
nisms described for the u - PAR - system, MT - MMTs interact with specifi c inhibitors 
( tissue inhibitors of metalloproteinases ,  TIMPs ), and also with membrane - bound 
metalloproteinases (MT - MMPs). Six membrane - bound MT - MMPs have been 
described to date, and recent studies suggest that, similar to the u - PA - system, 
they do not only promote invasion and metastasis, but also additional phenomena 
important for progression and metastasis, such as the  epithelial – mesenchymal 
transition  ( EMT ). Via regulation of E - cadherin, MT - MMP - 1 has recently been 
shown to interrupt cell – cell adhesion  [101 – 103] . In summary, the large group of 
MT - MMTs, comparable to principles described for the u - PAR - system, represent 
a complex interplay between proteases, specifi c inhibitors (TIMPs), and mem-
brane - bound molecules, which in concerted action do not only promote invasion 
and metastasis, but also additional phenomena, such as adhesion, migration, or 
epithelial – mesenchymal transition.   

  1.2.3 
 Factors for Tumor Growth and Angiogenesis 

 As already stated, for the establishment of a distant metastasis many different 
aspects such as the destruction of surrounding tissue, local invasion, cell division, 
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proliferation, and neoangiogenesis are important and need to interact. However, 
neoangiogenesis is certainly one of the most crucial steps required for the suc-
cessful establishment of a tumor cell as a metastasis at an organ site. Steps of 
neoangiogenesis involve. 

  1.     The secretion of proangiogeneic factors, such as, especially, VEGF via tumor 
or also endothelial cells.  

  2.     The degradation of local basement membranes and migration through 
basement membranes by endothelial cells, followed by the formation of fi rst 
capillary sprouts.  

  3.     Endothelial proliferation and branching of the capillary sprouts, which is 
accompanied by the initiation of blood circulation through the new vessels.  

  4.     The formation of anastomoses between new capillaries, the maturation of 
vessels, and the formation of novel basement membranes.    

 There are exciting studies suggesting that molecules expressed by neoangioge-
netic vessels in tumor tissue differ from the molecular equipment found in normal 
vessels (e.g. intregrin  α v β 3)  [104, 105]  and that tumor -  or organ - specifi c targeting 
can be achieved by techniques considering such molecular differences. These 
encouraging observations need to be followed in further studies. 

 Proangiogenetic factors especially involved in angiogenesis of tumor metasta-
sis are, for example, the family of VEGF/VEGF - receptors (see detailed reviews 
 [106, 107] ),  angiopoietins  ( ANG ), such as ANG - 1 and ANG - 2 (together with espe-
cially the receptor TIE - 2), FGF, PDGF, TGF -  β , and potentially also PAI - 1 out of 
the u - PA - system. Exciting current research is exploring the potentially differen-
tial roles of members of the human ANG - family in angiogenesis, but also other 
phenomena, such as mitogenesis, infl ammation, or vascular extravasation. Cur-
rently, the human ANG - family is described as a family of the ligands ANG - 1, 
ANG - 2, and ANG - 4, their cognate TIE - 2 - receptor, and a closely related orphan 
receptor, TIE - 1. Studies with knockout and transgenic mice suggest the impor-
tant role of ANGs in both vascular angiogenesis and lymphogenesis. Currently, 
a pivotal role in the interaction between endothelial and perivascular cells is 
assigned to ANG - 1. For ANG - 2, proangiogenic, but also antiangiogenic activities, 
in part as an interplay with VEGF or FGF, have been proposed. In addition, 
especially ANG - 2 has been associated with aggressive tumor growth, which 
might be linked to TIE - 2 - receptor activation. Since expression of the TIE - 2 - 
receptor has increasingly been characterized in tumor cells, and an interaction 
of ANGs with  α 5 β 1 -  and  α v β 5 - integrins has been described recently, it is 
assumed that the ANGs promote additional tumor - associated phenomena such 
as tumor growth and development, over and above angiogenesis. This includes 
paracrine and autocrine molecular mechanisms in tumor cells involving TIE - 2. 
Therefore, the ANG family, in parallel to already known major molecules such 
as VEGFs, are of increasing interest for novel targeting approaches in the context 
of angiogenesis  [108] . 



 It is well established that factors such as VEGF/VEGF - R, a family of ligands and 
tyrosine kinase receptors, can stimulate numerous essential signaling pathways, 
such as the Ras/MAP - kinase pathway, FAK, PI3 - kinase/Akt, PKC, NOS, SHC, and 
others, which promote the expression of genes relevant for tumor cell prolifera-
tion, cell survival, migration, and cytoskeletal rearrangement. These phenomena 
again promote angiogenesis as well as the establishment and outgrowth of metas-
tasis. The secretion of factors such as VEGF can be stimulated by, for example, 
hypoxia, which is known to be a condition often found in the center of tumors 
and especially metastases,  hypoxia inducible factors  ( HIFs ) and, again by essential 
signaling pathways relevant for tumor progression and metastasis such as Src, 
Ras, or others. Thus, many molecular mechanisms of angiogenesis, proliferation, 
antiapoptosis, migration, cytoskeletal remodeling, and invasion are networking 
together to achieve a successful metastatic cascade. For a more detailed description 
of molecular factors and pathways promoting angiogenesis, the reader should 
consider essential reviews in this fi eld  [106 – 108] . 

 As mentioned above, many of these and further molecules and pathways are 
also essential pathways to stimulate tumor cell proliferation and growth. In par-
ticular, among the tyrosine kinase receptors there are, for example, EGF/EGF - R, 
which have been shown to be overexpressed in many solid cancers, c - erb - B2, and 
potentially other members of the EGF - receptor family, VEGF/VEGF - R  [107] , c - Kit, 
and others; among the signaling cascades, the major players promoting prolifera-
tion such as Src, Ras, MAP - kinases, FAK, PI3 - kinase/Akt, PKC, and others have 
already been mentioned. The most interesting aspect of most of these molecules 
is that many of them already represent targets for novel molecular therapeutic 
concepts, which already have entered fi rst clinical trials with promising results. 
This is specifi cally true for EGF - R, as a target in colorectal and lung cancer, c - erb -
 B2 as a target in breast cancer, c - Kit as a target in GIST - tumors (see Chapters  18  
and  27  and VEGF, Src, Ras, and PI3 - kinase as targets in different solid cancers. 
For a more detailed description of novel molecular targeted therapy, please refer 
to Chapter  30  at the end of this book. 

 Besides the aforementioned molecules, also molecules promoting migration, 
invasion, and intravasation, such as integrins, MMPs, and the u - PAR - system, are 
currently being investigated as targets for second - generation targeting strategies. 
Overall, the increasing potential of targeting many different molecules promoting 
different aspects of the metastatic cascade is certainly an exciting and highly 
promising current development, supporting the hope that the most limiting and 
lethal characteristic of malignant tumors, the metastatic cascade, can soon be 
blocked or at least slowed, enhancing the potential for survival and quality of life 
for cancer patients.   
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  1.3 
 Potential Hereditary Aspects of Molecules Promoting Metastasis 

 Certainly, in the context of this book on hereditary cancers, it is a pressing 
question as to whether molecules promoting the metastatic cascade as described 
above are prone to hereditary genetic changes. Out of the adhesion molecules, 
most evidence for hereditary components has been suggested for the E - cadherin/
 β  - catenin/APC/Wnt - pathway. A number of studies have already reported on DNA - 
variations within the E - cadherin gene in some cancers, and especially in hereditary 
gastric cancer. Here, diverse germline mutations within the human E - cadherin 
(CDH1) - gene have been reported  [109 – 111] . The fi rst study on DNA - variations 
within this gene has been published recently for prostate cancer  [112] . Polymor-
phisms in gastric cancer have been described especially for E - cadherin and also 
the APC gene  [113] , as well as in patients with double gastric and colorectal adeno-
carcinomas. In the latter, changes of expression of  β  - catenin have also been 
reported  [114] . However, some studies suggest that, for example, mutations of  β  -
 catenin and APC - genes cannot only be found in hereditary colorectal or gastric 
cancer, but also in some  “ sporadic ”  cancers, which do not meet the classical 
clinical criteria for hereditary cancer diagnosis  [114, 115] . These fi ndings raise 
the interesting question as to what extent a differentiation between hereditary 
cancers and  “ sporadic ”  cancers can be made in individual cases. A detailed discus-
sion on hereditary gastric and colorectal cancers as well as the E - cadherin/
 β  - catenin/APC - pathway will be given in specifi c chapters on hereditary gastric 
and colorectal cancer in this book. Furthermore,  β  - catenin mutations have been 
reported to coincide with  WT1  - mutations in patients with Wilms tumor (see 
Chapter  14 ). 

 Concerning further molecules described above in the context of migration and 
adhesion, little is known about potential hereditary genetic variations or mutations 
in, for example, integrins, Rho, Rac, and Cdc42. Single mutations in the Rho/Rac/
Cdc42 - cascade have been described; however, it is not clear as to whether such 
mutations can be genetically inherited. 

 Concerning tumor - associated proteases, no systematic studies have been con-
ducted so far as to potential genetic variations within promoters or structural genes 
of these molecules decisive for invasion and metastasis. Such further studies are 
desperately needed. There are single reports about polymorphisms in MMPs that 
might increase the risk of lung cancer (see Chapter  10 ). For microRNAs, fi rst 
studies have suggested that the deletion of particular miRs, such as miR - 15 and 
miR - 16, occur via chromosomal deletion, especially in leukemias (see Chapter  23 ). 

 Concerning molecules of cell growth, proliferation, and angiogenesis, no con-
vincing reports have suggested hereditary changes within the genes for EGF - R, 
the ANGs, or VEGF - Rs. There have been few reports on genetic alterations for c -
 erb - B2 in patients with BRCA1 -  or BRCA2 - mutation carriers, which are associated 
with hereditary breast cancer  [116] . Single reports implicate MET receptor muta-
tions in hereditary papillary renal cell carcinomas (see Chapter  15 ). Still, there 
needs to be more studies on potential functional interrelations between these 



 References  17

observations. Regarding essential signaling cascades promoting tumor prolifera-
tion, progression, and metastasis, single studies suggested c - Src kinase activation 
to be related to development of early diffuse gastric cancer in which a hereditary 
component is implicated  [117] , and one study suggested Src - inhibition as an 
antiproliferative treatment for medullary thyroid cancer, which is one component 
of MEN - type 2  [118] . For discussions on hereditary MEN - type 2, see Chapter  9 . 
Regarding activating mutations of K - ras, some studies suggest that they might 
rather occur in non - hereditary colorectal cancers, and might not be related to 
microsatellite instability  [119, 120] . This is interesting, especially since a recent 
study suggested a decreased likelihood of metastasis in patients with microsatel-
lite - instable cancers. Still, more and larger studies need to clarify relationships 
between activating mutations of prominent signaling molecules such as K - ras, and 
conditions such as microsatellite instability often found in hereditary cancer types, 
e.g. on hereditary colon cancer (see Chapters  3  and  20 ). 

 In summary, there need to be many more studies in the future, investigating 
the important question of potentially hereditary components modifying expression 
and/or activation of crucial molecules promoting the metastatic cascade. Such 
studies will lead to further refi nements on how to treat metastases in cancer 
patients, and in particular patients with inherited cancer types.  
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  High penetrance mutations in several tumor predisposition genes have been 
identifi ed that contribute to different hereditary cancer syndromes. Many of these 
mutations follow an autosomal dominant mode of inheritance, thus predisposition 
carriers are often found in subsequent generations. For several tumor predisposi-
tion genes, the basic mechanisms they play in cancer pathogenesis are well under-
stood, however, several questions remain. Extensive research is still needed to 
uncover the molecular basis of phenomena such as reduced penetrance, cell - type 
specifi city, and variability of associated clinical features.      

  2.1 
 Introduction 

 During the last few decades, an increasing number of well - defi ned cancer predis-
position syndromes have been described (Table  2.1 ). Recognition and correct 
clinical diagnosis of these syndromes requires a basic understanding of the clinical 
course, the syndrome - specifi c spectrum of tumor types, and the respective mode 
of inheritance. Research has already gained considerable insight into the molecu-
lar mechanisms underlying different hereditary tumor predispositions. However, 
our knowledge today is far from complete. Several questions still have not been 
answered satisfactorily, including how and when an inherited predisposition gives 
rise to tumor development, and why these tumors are often cell - type specifi c. Early 
models, such as Knudson ’ s  “ two hit ”  hypothesis, have now been proven experi-
mentally to be sound, but these models are able to explain only a small part of the 
genetic mechanisms underlying cancer predisposition syndromes  [1 – 3] . These 
genetic mechanisms are far more diverse and complex, according to the large 
number and various functions of tumor predisposition genes involved in the dif-
ferent syndromes.    

Summary
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 Table 2.1     Selected cancer predisposition syndromes. 

  Inheritance    Syndrome    Gene    Chromosome  

  Autosomal 
dominant  

            

      Familial breast cancer     BRCA1  
  BRCA2   

  17q21 
 13q12  

      Multiple endocrine neoplasia 
type 1  

   MEN1     11q13  

      Multiple endocrine neoplasia 
type 2  

   RET     10q11  

      Familial retinoblastoma     RB1     13q14  

      Familial polyposis     APC     5q21  

      MutYH - associated polyposis     MutYH     1p34.3 - 1p32.1  

      Hereditary nonpolyposis 
colorectal cancer  

   MSH2  
  MLH1  
 Others  

  2p16 
 3p21  

      Familial Wilms tumor     WT1     11p13  

      Neurofi bromatosis type 1     NF1     17q11  

      Neurofi bromatosis type 2     NF2     22q12  

      Von Hippel Lindau disease     VHL     3p25  

      Gorlin syndrome     PTCH     9q22  

      Hereditary diffuse gastric cancer     CDHE     16q22.1  

      Li Fraumeni syndrome     TP53     17q13  

  Autosomal 
recessive  

            

      Xeroderma pigmentosum     XPA - XPG  
  XPV   

  At least 8 loci  

      Fanconi anemia     FANCA - FANCD1  
 [ FANCD1 (= BRCA1 )]) 
  FANCD2  
  FANCE - FANCG  
  FANCJ  
  FANCL - FANCN   

  Multiple 
complementation 
groups  

      Bloom syndrome     BLM     15q26  
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  2.2 
 Sporadic Versus Hereditary Tumors 

 Malignancies are traditionally divided into sporadic and familial (or hereditary) 
cases. This distinction is mostly based on clinical and anamnestic data, since 
genetic tests are available only for a small number of cases. However, a classifi ca-
tion based on clinical data has several pitfalls. The absence of a family history of 
cancer in an apparently sporadic case can be misleading, as the true familial nature 
of the disorder might be masked by small family size or insuffi cient family data. 
Also, familial occurrence of malignancies does not necessarily imply a genetic 
origin, as it includes families in which multiple affected individuals occurred by 
chance, as well as those in which low - risk predisposition genes are segregating, 
as well as families with high - risk genetic predispositions  [4, 5] . From a genetic 
point of view the great majority ( ∼ 95%) of malignancies belong to the large group 
of multifactorial disorders, in which inherited and acquired (or somatic) low - pen-
etrance genetic predisposition factors interact with various environmental factors 
 [6] . Only a small portion of malignancies are due to monogenic inheritance, with 
high recurrence risks in relatives  [7]  (Figure  2.1 ). Overall, the portion of monogenic 
malignancies can be roughly estimated to be about 5%. The ratio of monogenic 
versus multifactorial cases not only varies between different tumor types, but for 
some tumor types it also depends on the ethnic and/or regional background of 
the patient sample  [8, 9] . In the affected families it is not the tumor itself that is 
inherited, but the predisposition to develop this tumor.   

  2.2.1 
 Sporadic Malignancies Are More Common 

 The identifi cation of families at risk for hereditary tumor predispositions is 
rarely a straightforward process. One of the diffi culties is that the genotype not 
always equals the phenotype  [10, 11] . The impact a certain genotype has on the 

    Figure 2.1     Gene penetrance in cancer. Highly 
penetrant germline mutations (left part) can 
cause cancer with little or no environmental 
infl uences. Low penetrance mutations 
(middle) increase the risk of certain malig-
nancies but require the interaction with 

environmental predisposing factors. The right 
part of the model represents malignancies 
that are caused by a combination of somatic 
mutations and environmental infl uences, 
without a preexisting inherited predisposition.  
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observable physical condition of an individual (or a cell) depends on various 
factors, including the mode of inheritance, the penetrance of the gene mutation, 
and the average age of manifestation. These variables have to be taken into con-
sideration in families with suspected or proven hereditary tumor predispositions. 
The clinical phenotype presents one of the greatest challenges regarding the 
correct identifi cation of high - risk constellations, for example the differentiation 
between high - risk family members and those with only low risks. Most malignan-
cies observed in hereditary tumor predispositions also occur sporadically in the 
general population  [12] . Thus, the type of malignancy observed rarely allows us 
to distinguish between monogenic and multifactorial forms. Hints pointing to a 
tumor of sporadic rather than monogenic origin might be a malignancy type that 
is not typical for any of the known hereditary tumor predispositions, and/or a 
tumor that is known to commonly have a strong environmental background (e.g. 
carcinogens, radiation exposure). For most malignancies, such a distinction based 
mainly on the tumor type and patients ’  history is not feasible. This can be best 
demonstrated for breast or colorectal cancer. Both types of cancer have a high 
frequency in the general population and are in most cases sporadic. Multiple 
affected members in the same family do not necessarily indicate a monogenic 
form of these malignancies, and even in families with an autosomal dominant 
mode of inheritance, affected family members with sporadic forms of the malig-
nancy might be present.  

  2.2.2 
 Red Flags for Hereditary Tumors 

  “ Red fl ags ”  indicating that one of the rare monogenic tumor predispositions 
might be present are a young age at onset, multiple tumors in the same patient, 
and the presence of the same or related malignancies in close relatives. For 
several hereditary tumor predispositions, such red fl ags have been used to for-
mulate guidelines that are helpful in identifying families at risk. An example 
are the Amsterdam criteria for colorectal cancer that require at least three rela-
tives with this type of cancer, one or more diagnosed under the age of 50 years, 
before a clinical diagnosis of an hereditary predisposition for colorectal cancer 
should be made  [13] . In some disorders, specifi c laboratory tests are helpful in 
recognizing the rare monogenic forms. Tumors in  hereditary nonpolyposis 
colorectal cancer  ( HNPCC ) are frequently showing microsatellite instability 
caused by the predisposing mutations in genes coding for  mismatch repair  
( MMR ) proteins  [14] . In sporadic colorectal tumors, microsatellite instability is 
only present in about 15% of cases. In breast cancer, one of the main problems 
in identifying high - risk families is caused by the fact that this tumor type is a 
common disorder that affects 1 in 10 women (life - time risk). Thus, multiple 
affected members in the same family are not an unusual fi nding, and such 
apparently familial cases of breast cancer are more often due to chance than to 
monogenic inheritance, especially if these malignancies mostly occurred in 
women over 50 years of age. On the other hand, the dominant inheritance 



patterns of hereditary breast cancer predispositions are often masked in families 
by reduced penetrance (not all mutation carriers develop cancer) and the vari-
ability of the age of onset (mutation carriers are healthy at the time of ascertain-
ment, but might develop cancer later in life)  [15] . Small family sizes are another 
factor that can make it diffi cult to recognize high - risk families, because of the 
low number of affected individuals per generation in such families. Once a suf-
fi cient likelihood for a hereditary tumor predisposition is established and high -
 risk individuals are identifi ed, the possibilities of symptomatic and presymptomatic 
(predictive) testing can be explored.   

  2.3 
 Inheritance Patterns in Hereditary Tumor Predispositions 

  2.3.1 
 Autosomal Dominant Inheritance 

 Nearly all of the known types of inheritance patterns are found in the different 
hereditary tumor predispositions, but the autosomal dominant mode of inheri-
tance is the most commonly observed one (Figures  2.1  and  2.2 A). Usually, in 
autosomal dominant inheritance, only one copy of a mutated gene needs to be 
passed to the next generation to cause the associated phenotype in the offspring. 
As in many other autosomal dominant disorders, in hereditary tumor predisposi-
tions it is not a clinical phenotype that is inherited, but rather a predisposition that 
might, or might not, lead to clinical symptoms, in this case a certain kind of tumor 
or malignancy. The children of predisposition carriers have a 50% chance of 
inheriting the predisposing parental allele, irrespective of their sex. Predisposition 
carriers are usually heterozygous for the disease allele; homozygous individuals 
that inherited such alleles from both parents have been rarely reported for auto-
somal dominant disorders. This could be due to the low frequency of such alleles 
in the population that renders it unlikely that both parents (if unrelated) are het-
erozygotes. Another explanation could be that homozygosity for certain predisposi-
tion alleles might cause a more severe or even lethal phenotype  [16] . In most tumor 
predispositions with an autosomal dominant mode of inheritance, the average age 

    Figure 2.2     Inheritance models. Segregation patterns in 
dominant (A) and recessively (B) inherited tumor 
predisposition alleles. Black bars, mutated allele; solid box, 
affected individual; hatched box, healthy carriers of the 
predisposition allele.  
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of onset and life expectance does not interfere with reproduction. This means that 
the rate of  de novo  mutations is low in these disorders, otherwise the number of 
affected individuals would increase with each generation. Such a balance between 
 de novo  mutation rates and reproductive fi tness is well - known for different genetic 
conditions.    

  2.3.2 
 Autosomal Recessive Inheritance 

 Disorders that usually cause death before reproduction are characterized by either 
high rates of autosomal dominant  de novo  mutations or, more often, by recessive 
inheritance (Figure  2.2 B). Thus it is not surprising that many hereditary cancer 
predispositions in children follow the latter inheritance pattern. In autosomal 
recessive inheritance, both alleles of the tumor predisposition gene carry a muta-
tion, because both (usually healthy) parents need to pass on a mutated allele to 
establish the predisposition in the next generation. The parents of an affected 
individual are usually healthy, heterozygote carriers of the mutation. In general, 
homozygotes for recessive disorders are rarely found in subsequent generations. 
Such a phenomenon, called  “ pseudo - dominance ” , is mostly known from inbred 
populations, or populations from geographical regions where certain recessive 
mutations reached high frequency because they help to protect heterozygote 
carriers against certain environmental risks (heterozygote advantage). Children of 
two heterozygote parents have a 25% chance of inheriting both parental alleles 
and therefore the predisposition. Their chance of being heterozygote carriers 
like their parents is 50%, while a 25% chance exists that such a child only inherits 
the two wildtype alleles. Examples of tumor predisposition syndromes with an 
autosomal recessive mode of inheritance are Ataxia telangiectasia, Bloom syn-
drome, and Xeroderma pigmentosum  [17 – 19] . Ataxia telangiectasia is a multisys-
tem disorder caused by mutations in the  ATM  gene on chromosome 11. The  ATM  
gene is involved in cell cycle arrest following DNA damage, and seems to be 
required for the activation of the breast cancer - causing gene  BRCA1 . Thus it 
is not surprising that, in addition to its role in Ataxia telangiectasia,  ATM  
mutations if present in a heterozygous state are able to confer an at least moder-
ately increased risk for breast cancer  [20] . This example demonstrates that at least 
for some mutations, no clear - cut boundaries between recessive and dominant 
inheritance exist.   

  2.4 
 Genotype – Phenotype Relations in Hereditary Tumor Predispositions 

 A phenomenon often encountered in genetic traits is reduced penetrance. 
This term describes the fraction of mutation carriers that manifest the specifi c 
phenotype. In hereditary tumor predispositions, penetrances vary widely, and 
even within the same syndrome there are differences in penetrance between the 



tumor types typically found in affected families. For example, the penetrance 
rates for breast cancer in female  BRCA1  mutation carriers are 65% (cumulative 
risk by age 70 years), while ovarian cancer has a much lower penetrance rate 
in these individuals (39%). The corresponding estimates for  BRCA2  mutation 
carriers are even lower; meta analyses demonstrated penetrance rates of 45% 
and 11%, respectively  [15, 21] . Even within the same gene, the penetrance rates 
are not identical for different mutations. This is demonstrated by I1307K, a low 
penetrance mutation/polymorphism in the  APC  gene. It is found mainly in 
Ashkenazi Jews (with a heterozygote frequency of 5% to 7%). This amino acid 
exchange appears to be associated with a relative risk of colorectal cancer of 
between 1.5 and 2.2, while  “ classical ”  or high - penetrance APC gene mutations 
confer a considerably higher risk for this type of cancer  [22] . In many dominant 
disorders, the condition shows different degrees of manifestation, clinically 
observed as different degrees of severity or affectedness. An example is neu-
rofi bromatosis, in which some mutation carriers show the full - blown picture 
with numerous cutaneous neurofi bromas, subcutaneous plexiform neurofi -
bromas, caf é  - au - lait spots, psychomotor retardation, and increased malignancy 
rates, while others    –    even in the same family    –    may show only a few caf é  - au - lait 
spots. The phenomenon is referred to by either variable expression or incomplete 
penetrance  [23] . 

  2.4.1 
 Mechanisms Underlying Genotype – Phenotype Relations 

 The mechanisms underlying reduced penetrance or variable expression have so 
far only been analyzed in detail in a few model disorders. One of these is retino-
blastoma, in which one out of ten individuals carrying an  RB1  mutation will not 
develop the tumor  [24, 25] . According to the  “ two - hit ”  hypothesis of Knudson (see 
Section  2.5.1 ), reduced penetrance has to be expected because the development of 
a retinoblastoma depends on the chance occurrence of the second mutation. 
However, such stochastic effects are not able to fully explain the phenomena of 
variable expression. Of equal importance is the nature of the predisposing muta-
tion. Most of the known  RB1  mutations are truncating, for example, nonsense or 
frameshift mutations that are located in internal exons. These classes of mutations 
are usually associated with bilateral retinoblastoma, without showing much genotype - 
phenotype variation. It is likely that transcripts with premature stop codons trigger 
nonsense - mediated decay so that only the transcripts of the normal  RB1  allele 
remain. 

 Another class of mutations causes aberrant splicing. Many of these so - called 
splice site mutations cause out - of - frame transcripts with premature termination 
codons too. However, in some of them the effect of the mutation on the respective 
splice site is  “ leaky ” , meaning a fraction of the normal transcript is still spliced 
from the mutated preRNA  [26] . In these patients, the dosage of the normal tran-
script is higher than in patients with truncating mutations, explaining why these 
mutations tend to be associated with a milder phenotype (e.g. unilateral retino-
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blastoma). Such a milder phenotype is also often observed in patients carrying 
mutations in the  RB1  gene promoter  [25, 27] . Mutations in regulating sequence 
motives such as promoters often decrease gene activity but do not shut it down 
completely. 

 Another mechanism that is able to rescue at least part of the  RB1  function 
includes the use of alternative translation start points. For example, an  RB1  muta-
tion has been described that comprises a 23 - basepair duplication in the fi rst exon, 
producing a premature chain termination in exon 2. Such a mutation can usually 
be expected to completely abolish gene function and produce a severe clinical 
phenotype. However, expression studies showed that alternative in - frame transla-
tion start sites are used to generate truncated  RB1  products. Clinically, this muta-
tion resulted in low - penetrance retinoblastomas, indicating that at least a partial 
rescue of  RB1  function had occurred  [28] .   

  2.5 
 From Predisposition to Cancer    –    Is One Gene Enough? 

 Since fi rst published in 1971, Knudson ’ s two - hit hypothesis has provided an illus-
trative model for the understanding of tumor pathogenesis. Alfred Knudson sug-
gested that mutations in both alleles of a tumor suppressor gene are needed before 
a tumor starts to form  [1] . The main difference between sporadic malignancies 
and familial tumor syndromes is that in the latter the patients are already born 
with the fi rst mutation in all their cells. This germline mutation might inactivate 
one allele of a certain tumor suppressor gene, but tumorigenesis does not start 
before the second allele is knocked out by another, somatic mutation. In sporadic 
tumors, both alleles need to be inactivated by somatic mutations hitting the same 
cell, thus two independently occurring mutational events are required. Such a 
somatic - two - hit - scenario has a much lower probability than the occurrence of a 
second hit in one of numerous cells of an individual already carrying a germline 
mutation. These differences in probability are one of the main reasons why spo-
radic tumors usually occur at a later age than their familial counterparts  [1] . 

  2.5.1 
 Experimental Evidence for the Two - Hit Hypothesis 

 Experimental support for Knudson ’ s two - hit hypothesis has been fi rst found in 
studies of sporadic and hereditary retinoblastoma, in which mutations in both 
alleles of the tumor suppressor gene  RB1  are found  [29] . In hereditary retinoblas-
toma the family members at risk are already born with an inactivating mutation 
on one of their  RB1  alleles. The second hit is a somatic mutation that in many 
cases involves the partial or complete loss of the second  RB1  allele in a certain 
cell. If polymorphic genetic markers are part of the deletion this second mutation 
can be observed as a  loss of heterozygosity  ( LOH )  [24, 30] . Such a LOH has been 
demonstrated not only to be a key event in hereditary tumor syndromes such as 



retinoblastoma, Wilms tumor, or Li Fraumeni syndrome, but is also found in up 
to 50% of chromosomes in sporadic tumors  [30 – 32] . The systematic search for 
LOH has been repeatedly used to successfully locate formerly unknown genes 
involved in tumor formation or progression in the genome. Examples include the 
identifi cation of the  RET  oncogene in multiple endocrine neoplasia, as well as the 
 NF2  gene in neurofi bromatosis type 2  [33 – 35] .  

  2.5.2 
  “ Multi Hit ”  and Recruitment Hypotheses 

 More recent studies suggested that the two - hit mechanism may not be universal 
but that other, more complicated mechanisms might exist  [36] . Alternative mecha-
nisms of tumorigenesis have been found in hereditary tumors as well as in spo-
radic malignancies with their more complex etiology. One of these models was 
introduced by Vogelstein who described a multi - step process in which clonal 
expansion of cells that have accumulated three to seven mutations occur  [37] . Each 
subsequent mutation provides a selective advantage to the progeny cells, fi rst with 
respect to proliferation and, in later stages, to escape apoptosis or other growth 
control mechanisms. Evidence for this multi - step model of tumorigenesis is again 
found in studies of retinoblastoma where LOH can be detected only in about 60% 
of both hereditary and non - hereditary cases. Furthermore, many retinoblastomas 
show additional genomic mutations in chromosomal regions other than the  RB1  
region  [38, 39] . These fi ndings strongly suggest that the loss of both copies of  RB1  
is not suffi cient to cause retinoblastoma, but that the malignant transformation 
requires additional mutational events. Gallie  et al . therefore introduced the  “ multi -
 hit ”  model in which the loss of the two  RB1  alleles can lead to benign retinoma, 
but another mutational event affecting one of the apoptosis pathways is required 
for progression to malignant retinoblastoma  [40] . Another hypothesis of tumor 
formation is based on the observation that some tumors do not always show evi-
dence of clonality. Examples are subependymal giant cell astrocytomas in tuberous 
sclerosis, or neurofi bromas in neurofi bromatosis type 1  [41, 42] . The recruitment 
hypothesis postulates that after the second hit the cells that are now endangered 
by a complete loss of function recruit surrounding haploinsuffi cient cells for their 
own rescue  [3] . The recruited cells become part of the forming tumor and mask 
the clonality of the original clonal cell formation. These examples demonstrate 
that pathogenesis in inherited tumor syndromes, as well as in sporadic malignan-
cies, is a heterogeneous process in which different possible pathways exist. Knud-
son ’ s two - hit hypothesis has played an important role in our understanding of the 
pathobiological processes underlying tumorigenesis, but it provides just one (albeit 
important) of the many existing pieces of the puzzle.   
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  2.6 
 The Phenomena of Cell - Type Specifi city 

 In most hereditary tumor syndromes only one particular cell type commonly 
develops the malignancy, although the inherited germline mutation is present 
in all cells of the body. Other tumor predispositions are characterized by a 
main lesion but also include an increased risk for malignancies in one or a few 
additional, often unrelated cell types. Furthermore, some genes are known 
that can be associated with different, family - specifi c predisposition syndromes. 
Different authors have speculated about the mechanisms underlying those 
observations, but so far the experimental data supporting the various hypotheses 
are scarce  [43] . 

  2.6.1 
 Colocalization of Additional Mechanisms 

 The simplest explanation for the tissue - restricted tumor phenotype demonstrated 
by most disorders would be a cell - type specifi c expression of the predisposing gene. 
However, the genes associated with inherited tumor predispositions are mostly not 
known to show tissue specifi c expression patterns, but are often active in many if 
not all parts of the body. A more feasible model would be that different cell types 
may have different tumor suppressor mechanisms, and that a syndrome - specifi c 
cell type suppressor mechanism colocalizes with the cancer predisposition gene in 
the genome  [44] . In its most simplifi ed form, such a tumor suppressor mechanism 
could consist of the regulation of a cell - type specifi c growth - promoting gene or a 
gene involved in genetic stability. The genomic element coding for the suppressor 
mechanism could be localized in an intron of the predisposing gene, overlap it, or 
be in the fl anking regions. Such a suppressor mechanism could take different 
forms, such as a regulatory genomic element (e.g. regulatory genes, transcription 
factors, microRNA) or an insulator element that normally prevents the fl ow of 
transcriptional activity to neighboring genes  [43, 45] . A tumor would then arise if 
one allele of the cell - type specifi c suppressor mechanism is co - mutated by the 
second - hit mutation that also knocks out the remaining intact allele of the predis-
position gene. Such a co - mutation could be caused, for example, by a small sub -
 cytogenetic deletion, a mutation type commonly found as a second hit mutation in 
different hereditary tumors  [30] . The co - mutation of the suppressor mechanism 
would have a pro - proliferative effect that would only be active in cells of a certain 
type, ensuring the cell - type or organ specifi city of the respective hereditary tumor 
predisposition. Co - mutations in other cell types would have no tumorigenic effects, 
since the proposed suppressor mechanism is not engaged in these cells.  



  2.6.2 
 The Involvement of More Than One Cell Type 

 A slightly modifi ed version of the model discussed above could apply to hereditary 
tumor syndromes that predispose to malignancies in more than one cell type  [43, 
46] . An example of such a predisposition is (again) inherited retinoblastoma in 
which the most common lesion is retinoma and retinoblastoma, with occasional 
manifestations of osteogenic sarcomas and (possible) fi brosarcomas. These latter 
tumor types could be explained by the existence of two or more cell - type specifi c 
tumor suppressor mechanisms within or in close proximity to the predisposing 
 RB1  gene (Figure  2.3 ). Additional examples of hereditary tumor syndromes to 
which this extended model of cell - type specifi city could apply are  familial adeno-
matous polyposis  coli ( FAP ), and von Hippel – Lindau syndrome. In FAP, the basic 
phenotype is of multiple polyps of the colon. Some FAP families with germline 
 APC  mutations develop additional symptoms, such as brain tumors (Turcot ’ s 
syndrome), or soft tissue tumors (Gardner syndrome)  [47] . Patients with von 
Hippel – Lindau syndrome are at risk of phaeochromocytomas, renal tumors, and 
different vascular tumor types  [48] . It is possible that different forms of cell - type 
specifi c tumor suppressor mechanisms (e.g. cell cycle regulators, apoptosis control 
mechanisms, or DNA integrity control mechanisms) are linked to the respective 
predisposing genes in these syndromes.    

    Figure 2.3     Retinoblastoma and associated malignancies. 
Model of two cell - type specifi c regulatory elements explaining 
the occurrence of different, less common malignancies in 
addition to the main tumor type.  RB1 , retinoblastoma gene; 
C1, C2, cell - type specifi c regulatory elements; small black 
boxes,  RB1  gene mutation; large black boxes, second hit 
mutation; shaded small box, normal  RB1  allele.  
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  2.6.3 
 Cell - Type Specifi city in Recessive Inheritance 

 Most hereditary tumor syndromes follow an autosomal dominant mode of inheri-
tance; however, examples such as Xeroderma pigmentosum mentioned above 
show autosomal recessive inheritance  [49] . In these syndromes, the predisposition 
already requires the inheritance of two mutated alleles, thus additional  “ hits ”  in 
other genes are needed to start tumorigenesis. One possibility would be that this 
additional hit targets a cell - type specifi c tumor suppressor mechanism. Such a 
simplifi ed model would not even require that the suppressor mechanism is closely 
linked to, or even on the same chromosome, as the recessively inherited predis-
position gene.   

  2.7 
 Conclusions and Future Directions 

 Inherited tumor predispositions still represent a challenge for genetics and oncol-
ogy. The relationship between a given mutation and the clinically observed phe-
notype is often anything but straightforward, making it diffi cult to analyze the 
complex mechanisms of tumor pathogenesis. The effect of high - penetrance muta-
tions in tumor predisposition genes is often modulated by various, mostly unknown 
factors such as low - penetrance susceptibility genes, somatic mutations, and envi-
ronmental infl uences. Nevertheless, inherited tumor predispositions represent 
only one end of a continuum that includes the complete spectrum from familial 
to sporadic cases of cancer. Low penetrance mutations or modifi er genes account 
for much of the low - level genetic predisposition, underlying the more common 
sporadic cases of cancer. Identifying such modifi er genes, and understanding the 
mechanisms they participate in, presents a great challenge for cancer research, 
but will be of great importance for the future development of new preventive and 
therapeutic strategies.  
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  Familial cancer syndromes are defi ned by an inherited predisposition to a syn-
drome specifi c pattern of different tumor types and sites, aggregating within 
families, to earlier onset of tumor development and to the occurrence of multiple 
primary tumors in affected individuals. The different tumors of a familial cancer 
syndrome share common causative genes and molecular pathways. A fi rst muta-
tion always represents a predisposing germline mutation that was either inherited, 
or arose from a new mutation in a parental germ cell. Local tumor manifestation 
requires at least one additional somatic  “ second hit ”  mutation. Since Knudson ’ s 
 “ two hit hypothesis ” , a model to explain multifocal primary tumors in hereditary 
retinoblastoma, a great number of family cancer syndromes have been recognized. 
This chapter does not claim completeness but rather aims to summarize and 
emphasize those conditions for which predisposing genes have been identifi ed and 
respective tests can be offered. Since this chapter provides a comprehensive over-
view and synopsis on cancer family syndromes, some contents might be overlapp-
ing with previous, organ - specifi c chapters. The reader is advised to refer to these 
chapters for additional information on particular hereditary cancer conditions. 
Malformation syndromes, presenting with an increased tumor risk (Chapter  4  on 
Genetic Dysmorphic Syndromes), and hereditary solitary cancers are not the subject 
of this comprehensive chapter. The reader is also advised to refer to organ specifi c 
chapters for additional information on particular hereditary cancer conditions.      

  3.1 
 Introduction 

 A cancer family syndrome was fi rst described by Warthin, 1913  [1] , who   over a 
30 - year period studied a family with a clustering of endometrial and gastric 
cancers. When, 53 years later, Lynch and coworkers published on their two 
families that, in addition to endometrial and gastric cancers, presented with 
an even wider range of different tumors and with family members affected by 

Summary
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multiple primary neoplasias, the term  “ cancer family syndrome ”  was coined, but 
it was clearly restricted to the  “ Lynch cancer family syndrome ”   [2] . In 1969, a 
second syndromal tumor disorder was described by Li and Fraumeni  [3] , character-
ized by a familial aggregation of childhood soft tissue sarcomas, early onset 
breast cancer, and other neoplasms. By analogy with the  “ cancer family syn-
drome ” , it was designated as  “ sarcoma family syndrome ” . For other cancer syn-
dromes that were recognized in subsequent years, the term cancer family syndrome 
was no more disposable. The terms  “ hereditary cancer predisposition syndromes ” , 
 “ inherited cancer susceptibility syndromes ” ,  “ familial or hereditary cancer syn-
dromes ” , or  “ family cancer syndromes ”  are now widely used  [4 – 6] . However, none 
of these latter terms focuses on the fact that, besides familial aggregation, the 
many different tumors within a  “ cancer family ” , that belong to a  “ family of 
tumors ” , are related by their common genetic origin and common molecular 
pathways. 

 Hereditary cancer syndromes are clinically characterized by a genetic pre-
disposition: 

   •      For a distinctive pattern of different, site and type specifi c tumors that aggregate 
within families,  

   •      For an earlier onset of tumor development, and  
   •      For the tendency of a gene carrier to develop multiple primary tumors.    

 In the majority of cases, and as in hereditary solitary cancers, the heterozygous 
germline mutation needs additional hits to develop a tumor. Somatic second hits 
refer to  loss of heterozygosity  ( LOH ) by loss of the normal wildtype allele and 
reduction to hemi -  or homozygosity for the mutated allele, to acquired mutations 
in other interacting genes, to regulatory inactivation, and to alteration in gene 
methylation, affecting the grade of gene activity. 

 Hundreds of genes and proteins, essential to regulate normal cell division and 
apoptosis, and also DNA replication and repair, can undergo mutations and thus 
be responsible for susceptibility to the differing hereditary cancer syndromes and 
subsequent uncontrolled cancerous growth. Predominant molecular mechanisms 
are transformation of a proto - oncogene into an oncogene by a  “ gain of function ”  
mutation, inactivation of a tumor suppressor gene, and inactivation of a  mismatch 
repair  ( MMR ) gene by  “ loss of function ”  mutations. 

 Penetrance of mutations predisposing to family cancer syndromes is usually 
high. Since most of these mutations are autosomal dominant, the risk of a member 
of a cancer family being a gene carrier and to develop one or more tumors is close 
to 50%. Aggressive tumor screening programs and invasive prophylactic measures 
are components of preventive oncology. They require thorough risk assessments 
and predictive gene tests, by clinicians, geneticists, and psychologists, after pro-
found information and counseling of those at risk. 

 Table  3.1  covers most familial cancer syndromes for which responsible gene 
mutations have been identifi ed. Further information on clinical and genetic 
aspects and on available gene tests can be found on the websites  http://facd.uicc.
org/ ,  www.ncbi.nlm.nih.gov/entrez?db=omim  and  www.genetests.org .   
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 The reader is also advised to refer to organ-specifi c chapters for additional infor-
mation on particular hereditary cancer conditions.  

  3.2 
 Hereditary Non - Polyposis Colon Cancer Syndromes ( HNPCC ) 

  Lynch syndrome , or Lynch syndrome II, refers to  hereditary non - polyposis colorec-
tal cancer type 2  ( HNPCC2 ), a cancer family syndrome that, in addition to increased 
occurrence of site specifi c, mostly proximal multiple primary adenomas and ade-
nocarcinomas of the colon   characteristic for HNPCC1 (or familial colon cancer), 
show a distinct pattern of extracolonic tumors  [66] . These include endometrial 
carcinoma and also gastric, ovarian, hepatobiliary, proximal urinary, and small 
intestinal cancers, and brain tumors. For clinical diagnosis of HNPCC2, the 
Amsterdam criteria, defi ned for HNPCC1, had been modifi ed to Amsterdam 
criteria II  [31] : 

   •      At least three relatives with an HNPCC - related cancer, one of whom is a fi rst - 
degree relative of the other two;  

   •      At least two successive affected generations;  
   •      At least one of the HNPCC - related cancers diagnosed before the age of 50 years; 

and  
   •      Exclusion of  familial adnomatous polyposis  ( FAP ).    

 However, since the Amsterdam criteria were too restrictive, giving a diagnostic 
sensitivity and specifi city for HNPCC of only 60 and 70%, respectively, less strin-
gent Bethesda guidelines have been created and then modifi ed for persons whose 
colonic tumors should be tested for  microsatellite instability  ( MSI ) to recognize 
possible carriers of HNPCC - specifi c mismatch repair gene (MMR) mutations. 
This distinctly raised the sensitivity but lowered the specifi city  [67] . In addition, 
immunohistochemistry of tumor tissues were recommended using antibodies 
against MMR proteins  [68] . 

 Lynch syndrome (HNPCC2) as HNPCC1 and also variant and atypical HNPCC, 
are due to mutations in MMR genes. Their proteins are responsible for repairing 
nucleotide mismatches, insertions, or deletions, mistakes that were made during 
DNA replication. Heterozygous MMR mutations, as may be found in the germline 
of HNPCC family members, do not interfere with MMR. Although inherited in a 
dominant manner, they function in a recessive manner at the cellular level, requir-
ing reduction to homozygosity. Homozygous MMR mutations, resulting from 
somatic LOH, lead to cells lacking MMR, to an accumulation of mutations causing 
MSI, and to malignant transformation. Several MMR genes have been associated 
with HNPCC: 

    MLH1   (homolog of MutL of  E. coli  1) was identifi ed as a human MMR gene 
 [32] . Over 200 different mutations have been reported so far.  MLH1  mutations are 
predominantly found in HNPCC2 and in HNPCC variants, including Muir – Torre 



and Turcot syndromes. Mhl1 protein coordinates the binding of other proteins 
involved in MMR, including helicases, single - stranded - DNA binding - protein, pro-
liferating cell nuclear antigen, and DNA polymerases  [69] .  

    MSH2   (homolog of MutS  E. coli  2) was found to carry mutations in HNPCC  [70] . 
It accounts for 50% of HNPCC1 mutations, and also for cases of HNPCC 
variant Muir – Torre and Turcot syndromes. Almost 200  MSH2  mutations have 
been recognized. Msh2 protein functions by forming a heterodimer with 
 MSH3  or  MSH6  proteins that, as a clamp, slides along the DNA to identify 
mismatches  [71] .  

    MSH6   mutations account for some families with atypical HNPCC, displaying a 
high frequency of hyper -  and dysplastic lesions and carcinomas of the endome-
trium (73% in female carriers as compared to about 30% in  MSH2  and  MLH1  
carriers)  [72] . Over 30 different mutations have been identifi ed.  

    PMS2   (postmeiotic segregation increase 2) mutations are found in the Turcot 
MMR cancer syndrome, and rarely in HNPCC1/2 families. They cause defective 
protein – protein interaction with other MMR proteins.  

  In addition,  PMS1  - ,  TGFBR2  - , and  MLH3  mutations of questionable signifi -
cance have been found in a very few HNPCC families.    

 The life - time risk of HNPCC gene carriers to develop a colon cancer is 69% 
(vs. 5.5% in the general population), the mean age of onset being 61 years  [73] . 
About two - thirds of colon cancers occur in the right colon. Life - time risk for 
endometrium cancer is 20 – 60% (vs. 2.7%), followed by a risk for gastric cancer 
of 11 – 19% (vs.  < 1%), ovarian cancer of 9 – 12% (vs. 1.6%), hepatobiliary cancer of 
4 – 5% (vs.  < 1%), small bowel cancer of 1 – 4% (vs.  < 1%), and brain tumors of 1 – 3% 
(vs.  < 1%) (American Cancer Society Surveillance Research, 2002). 

  Muir – Torre syndrome  represents a Lynch syndrome variant. It combines 
HNPCC2 - related low - grade gastrointestinal, urogenital, and gynaecologic malig-
nancies with skin lesions such as sebaceous epitheliomas, adenomas and carcino-
mas, keratoacanthomas, and basal cell carcinomas. Sixty - one percent of the 
patients develop early proximal colon cancer, and 22% of female patients develop 
endometrial cancer. In the majority of cases, the internal malignancies precede 
the sebaceous tumors  [74] .  MSH2  gene mutations account for 93% of the Muir –
 Torre syndromes, and only a few are due to mutations in the  MHL1  gene, this 
being in contrast to HNPCC, with an almost equal distribution of  MSH2  and 
 MHL1  mutations  [41, 75] . 

 The   “ mismatch repair cancer syndrome ”   corresponds to the  “ MMR - associated 
type of  Turcot  syndrome ” , and is another HNPCC2 variant. It is characterized 
by childhood brain tumors, mainly glioblastomas in association with colorectal 
adenomas that may become malignant, and has also been named  “  brain 
tumor - polyposis syndrome type 1  ”  ( BPT1 ). Other features, such as early 
onset leukemia and skin lesions comprising sebaceous cysts, caf é  au lait spots, 
and basal cell carcinoma, were added later  [56, 57] . MMR gene mutations were 
found mainly in the  PMS2  gene, but also in the  MHL1, MSH2 , and  MSH6  
genes.  
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 1)     According to the WHO classifi cation adenomatous polyps are no more designated as polyps but 
as adenomas. The term polyp is now restricted to hamartomatous polyps. 

  3.3 
  APC  - Associated Polyposis Syndromes 

  Familial adenomatous polyposis  (FAP) may now be considered a colon cancer pre-
disposition syndrome  [18] . In the classical form defi ned earlier, FAP was restricted 
to the occurrence of myriads of partly precancerous adenomatous polyps 1)  (see also 
Fig.  16.1 ) of the colon developing at the age of 7 to 36 years, and of colorectal 
cancer with the mean age of diagnosis of 40 years. In the presence of variable 
extracolonic manifestations occurring in approximately 20% of FAP individuals, 
and including polyps in the gastric fundus and duodenum and associated tumors 
outside the gastrointestinal tract, the condition was regarded as  “ APC - associated 
polyposis ”  and classifi ed as Gardner or Turcot syndrome, or as attenuated FAP. 
Meanwhile, the terms FAP and Gardner syndrome are used synonymously because 
of the overlap of phenotypes, the multiple identical mutations, and the occurrence 
in sibships. FAP and APC - associated conditions are caused by mutation in the 
 APC  (adenomatous polyposis of the colon) gene. Its protein acts as a tumor sup-
pressor after binding to other proteins, antagonizing the signaling pathway of the 
oncogene  WNT1 . Through regulation of  ß  - catenin, it maintains normal apoptosis 
and decreases cell proliferation. Loss of the APC protein thus contributes to cancer 
progression  [19] . More than 800 germline mutations have been found, almost 
always causing truncation of the APC protein. The APC protein is functionally 
active only as a homeodimer. Binding of a truncated to a normal APC molecule 
causes inactivation of the functioning APC protein. Binding depends on the length 
of the truncated molecule. Distal mutations, leaving long truncated molecules that 
are capable of binding and thus inactivation, result in a more aggressive disease, 
while proximal mutations leaving short truncated protein molecules that are 
unable to bind, cause mild disease manifestations  [76] . Furthermore, the phaeno-
typic expression of FAP is related to the localization of the mutation within the 
APC gene, for example, osteomas and desmoid tumors are correlated with a trun-
cating mutation between codon 1403 and 1578  [77] . 

  Gardner syndrome  and FAP are synonymous terms. In the past, Gardner syn-
drome was regarded as a distinct clinical entity characterized by the association of 
colonic adenomatous polyposis and colon cancer with extracolonic tumors, such 
as of the upper gastrointestinal tract (80 – 90%), childhood hepatoblastoma (1%), 
osteoma commonly found in the jaw and skull (80%), soft tissue tumors, especially 
desmoid tumors (12 – 38%), and, rarely, other associated cancers. The latter included 
adrenal cortical carcinoma, papillary carcinoma of the thyroid, and bile duct cancer. 
Dental anomalies and  congenital hypertrophy of the retinal pigment epithelium  
( CHRPE ) are frequent (80%) and may be used for FAP screening. The Gardner 
phenotype, representing a severe manifestation of FAP, is correlated to mutations 
within a specifi c region of the APC gene  [20] . 

  Turcot syndrome  families are APC - associated in two - thirds of cases by carrying 
an  APC  gene mutation, and are classifi ed as  “ brain tumor - polyposis syndrome 



type 2 ”  (BPT2). BPT2 differs from the aforementioned  “ BPT1 – MMR repair cancer 
syndrome ”  by an increased risk of medulloblastoma - type brain tumors and colorec-
tal polyposis, as compared to the malignant gliomas and predominant colorectal 
adenomas in BPT1  [78] . 

  Attenuated AFP  (AAPC) defi nes a milder  “ APC - associated condition ”  with fewer 
polyps, late onset colonic carcinoma, presence of upper gastrointestinal tumors, 
but rare CHRPE lesions and desmoid tumors. AAPC is caused by very proximal or 
very distal truncating  APC  mutations (before codon 157 of after codon 1464)  [79] .  

  3.4 
 Hamartomatous Tumor Syndromes 

 In   Peutz – Jeghers syndrome   ( PJS ), characteristic hamartomatous polyps 2)  are most 
common in the small intestine (64%), but may also involve the colon (53%), 
stomach (49%), and rectum (32%), and rarely the upper and lower respiratory tract, 
the ureter, and bladder. They can cause death by bleeding and intussusception. In 
95% of the patients, hamartomatous polyposis is accompanied by mucocutaneous 
hyperpigmentation causing dark blue spots, especially on palms, plantar areas, 
lips, and buccal mucosa that fade after puberty. Malignant transformation of the 
small intestinal polyps is rare, but the risk of developing any kind of cancer is 
increased about four - fold with a cumulative risk of 85% by the age of 70 years  [45] . 
Cancers observed in PJS involved the gastrointestinal tract and the pancreas, and 
also the lung and breast. Rarely, testicular and ovarian  sex cord tumors with 
annular tubules  ( SCTAT ), and especially aggressive  “ adenoma malignum of the 
cervix uteri ”  have been described. Clinical diagnosis of Peutz - Jeghers syndrome 
is based on the histological verifi cation of a hamartomatous polyp displaying 
characteristic arborized patterns of smooth muscle proliferation and epithelial 
displacement, appearing as pseudocarcinomatous invasion (see also Fig.  16.1 ). In 
the absence of this verifi cation, two of the three criteria  “ positive family history, 
mucocutaneous hyperpigmentations, and/or polyposis coli ” , have to be present 
 [17] . The gene responsible for Peutz - Jeghers syndrome is  STK11  (previously 
 LKBIX1 ). It codes for serine/threonine protein kinase 11 that is involved in apop-
tosis through p53 pathways in epithelial cells, in the regulation of cellular prolif-
eration by affecting G1 cell cycle arrest, in cell polarity, and in the inhibition of 
AMP - activated protein kinase and mTOR pathways  [80, 81] . Most STK11 muta-
tions result in protein truncation, leading to an earlier onset of the disease than 
missense mutations, deletions, and splice site variants  [82] . 

   Cowden syndrome   ( CS ) is one of the  “ PTEN hamartomatous tumor syndromes ”  
that are caused by a germline mutation of the tumor suppressor gene  PTEN.  
CS encounters benign lesions, mostly hamartomatous in nature, of the skin 
and mucous membranes, breast, thyroid, uterus, and gastrointestinal tract, and 

 2)     Hamartoma is defi ned as a tumourlike non - neoplastic condition arising from local differentiated 
tissues by simple tissue growth and not by mono -  or polyclonal cell proliferation resulting in 
true tumors. 
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also fi bromas and lipomas. Mucocutaneous lesions, occurring in 99% of the 
patients, include facial trichilemmomas/epitheliomas, papillomatous papules, 
acral keratosis, and oesophageal acanthosis, while intestinal hamartomatous or 
hyperplastic polyps are observed in only 30% of the patients  [17, 83] . Together with 
cerebellar dysplastic gangliocytoma (Lhermitte - Duclos disease, see also Fig.  5.1 ), 
leading to seizures, skin lesions are considered pathognomonic for CS. About 40% 
of individuals with CS are macrocephalic, and there is a high risk of cancer, the 
life - time risk for breast cancer amounting to 50%, and that of thyroid and endo-
metrial cancer to about 10%. These features represent major diagnostic criteria. 
A high risk for breast cancer also accounts for males. Cancers of the skin and 
genitourinary tract, especially melanoma and renal cell carcinomas, and also other 
benign tumors and tumor - like lesions including intestinal polyps, are considered 
minor diagnostic criteria. An increased risk for colorectal cancers, progressing 
from gastrointestinal hamartomas, is under discussion  [84] . Diagnosis of CS 
requires at least six mucocutaneous lesions or two major criteria, or one major 
and three minor criteria or four minor criteria  [83] . 

  PTEN  gene mutations are responsible for Cowden and other  PTEN  hamarto-
matous tumor syndromes.  PTEN  encodes an almost ubiquitously expressed dual 
specifi city phosphatase, a major lipid phosphatase that downregulates the PI3K/
Akt pathway to cause G1 arrest (by nuclear PTEN) and apoptosis (by cytoplasmatic 
PTEN)  [85] . More than 150, mostly unique missense and nonsense mutations, 
deletions, and insertions are listed, 76% resulting in truncation, lack, or dysfunc-
tion of the protein. There is a clustering of mutations in exon 5.  PTEN  mutations 
are identifi ed in 85% of the CS and 65% of the BRRS (Bannayan – Riley – Ruvalcaba 
syndrome) cases. In about 10% of individuals with CS, mutations in the  PTEN  
promoter have been found, while 10% of individuals with BRRS have a large 
deletion  [86] . 

   Bannayan – Riley – Ruvalcaba syndrome   ( BRRS ) is allelic to CS. Besides overlap-
ping mucocutaneous features, it shows a slightly different phenotype with high 
birth weight and length ( > 97th percentile), decelerated postnatal growth, macro-
cephaly, and gross motor delay as a more constant feature, mental retardation in 
about 50% of the cases, multiple lipomas, haemangiomas and gastrointestinal 
hamartomatous polyps, and, in males, pigmented macules on the glans penis. A 
number of dysmorphic features and Hashimoto thyroiditis have also been described 
 [7] . Neoplasias mainly comprise meningiomas and thyroid follicular cell tumors. 
It is not yet clear whether BRRS patients have the same cancer risk as individuals 
with CS. Since CS and BRRS were found as different phenotypes within the same 
families, and a genotype/phenotype failed to detect a correlation with either CS or 
BRRS, Lachlan and coworkers  [8]  concluded that they represent one condition with 
variable expression and age - related penetrance. 

 In  Proteus and Proteus - like syndromes , characterized by asymmetric hamartoma-
tous overgrowth of multiple tissues, leading to lipomas, lymph -  and haemangio-
mas, connective tissue and epidermal nevi, and to hyperostoses, somatic, and 
germline  PTEN  mutations have been found  [87] . Tumors are rare but have been 
reported as ovarian cystadenomas, testicular tumors, tumors of the central nervous 



system, including meningioma, and parotoid monomorphic adenomas  [88, 89] . 
A somatic mosaic hypothesis was put forward  [90]  to explain the local aspect of 
overgrowth. 

   Juvenile polyposis syndrome   ( JPS ) is another hamartomatous polyposis syndrome. 
It presents with characteristic  “ juvenile type hamartomatous polyps ”  in the 
stomach, small intestine, and colorectum, which are distinct from the  “ Peutz - 
Jeghers type hamartomatous polyps ”  by demonstrating mucous fi lled dilated 
glands, a smooth surface with normal epithelium, dense stroma, an absence of 
smooth muscle proliferation, and frequent infl ammatory infi ltration (see also Fig. 
 16.1 ). Hamartomatous juvenile polyps can develop at any age, but are mostly 
diagnosed under the age of 20 years and in the generalized form not before the 
age of 6 years. Diagnosis of JPS requires more than fi ve juvenile polyps in the 
colorectum or multiple polyps throughout the gastrointestinal tract, or any number 
of polyps in a positive family history  [17] . There is an increased risk for gastroin-
testinal, mainly colorectal, cancer with a cumulative life - time risk of 55%  [91] . Four 
genes have been associated with JPS: 

  BMPR1A , encodes a type 1 receptor of the bone morphogenetic proteins. The 
BMP pathway leads to the phosphorylation of SMAD4 and downregulates cell 
proliferation, especially proliferation of cells of the gastrointestinal tract  [92] . 
 BMPR1A  nonsense, missense, frameshift, and splice site mutations account for 
21% of the JPS cases. 

  SMAD4  encodes a protein that functions as a mediator of the TGF - beta signaling 
pathway. It mediates growth inhibitory signals from the cell surface to the nucleus. 
Most mutations are unique and account for 18% of the JPS cases  [92] .  BMPR1A  
and  SMAD4  mutations have a more prominent phenotype of JPS. 

  ENG  is a member of the beta - TGF superfamily, such as  BMPR1A  and  SMAD4. 
ENG  mutations have been shown to cause  hereditary hemorrhagic teleangiectasia  
( HHT1 ): Their signifi cance for JPS, with or without associated HHT1, is still 
under discussion  [25] . 

  PTEN  germline mutations had been described earlier in JPS. After clinical re -
 examination, the cases are now considered to correspond to CS or BRRS. However, 
Delatte and coworkers  [93]  presented nine cases displaying severe early onset 
juvenile polyposis in the presence of a large more than one   MB germline deletion 
in 10q23.2 – q23.4. Since the deletion encompasses the  BMPR1A  and the  PTEN  
locus, they suggested this contiguous gene deletion, causing hemizygosity for both 
genes, to be the etiologic basis for the subset of JP termed  “ juvenile polyposis of 
infancy ” .  

  3.5 
 Familial Endocrine Tumor Syndromes 

 The   multiple endocrine neoplasias type 1   ( MEN1 ) represent an example of familial 
endocrine tumor syndromes, predisposing to over 20 different benign endocrine 
and non - endocrine tumors. Clinical diagnosis request the presence of two of three 
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endocrine hormonal active tumors of the parathyroids, causing hypercalcemia, the 
anterior pituitary (mainly prolactinomas), or of the  gastro - entero - pancreatic  ( GEP ) 
tract. GEP tumors include gastrinoma, leading to Zollinger – Ellison syndrome, 
pancreatic insulinoma or glucagonoma, causing hypo -  and hyperglycaemia, respec-
tively, and VIPoma, secreting a vasoactive intestinal peptide and causing  watery 
diarrhea, hypokalemia, and achlohydria  ( WDHA )  [38] . Thymic and bronchial car-
cinoids are non - hormone secreting as are the majority of adrenocortical tumors 
(20 – 40%). Among the nonendocrine tumors, angiofi bromas (88%), collagenomas 
(72%), lipomas (34%), meningiomas (8%), ependymoma (1%), and leiomyomas 
have been described and claimed to be helpful in diagnosis of cases prior to the 
appearance of a hormone secreting tumor  [39] . Although malignancies are not a 
feature of classical MEN1, gastrinomas may include a malignant, metastasizing 
component, as may thymic carcinoids by demonstrating aggressive growth. 

 MEN1 is caused by  MEN1  gene mutations.  MEN1  encodes menin, a multifunc-
tional nuclear protein that is thought to be involved in the regulation of DNA rep-
lication and repair and in transcription. Over 400 different mutations have been 
described. Most of these are nonsense mutations and deletions and lead to protein 
truncation. Premature centromere division and hypersensitivity to alkylating 
agents has been demonstrated in individuals with a heterozygous  MEN1  mutation. 
LOH has been shown to occur in tumor tissues  [94] . 

   Hyperparathyroidism - Jaw tumor syndrome   ( HPT - JT ) is a rare familial condition 
in which parathyroid adenomas are associated with a predisposition for ossifying 
fi bromas of the jaw and various renal lesions. The latter may include renal cysts 
and hamartomas, and also renal mesoblastic nephroblastoma (late onset Wilms 
tumor), papillary, and clear cell renal carcinoma (Figure  3.1 )  [23] . Parathyroid car-
cinoma, pancreas adenocarcinoma, testicular mixed germ cell tumor, and Hurthle 
cell thyroid adenoma have also been described. Germline mutations have been 
found in the  HRPT2  gene, a putative tumor suppressor gene. The encoded protein 
has been named parafi bromin  [24] . LOH has been demonstrated in malignant 
tumors, but not in all parathyroid adenomas, suggesting alternative mechanisms 
for tumorigenesis of parathyroid tumors in HPT - JP patients  [23] .   

 The   multiple endocrine neoplasias type 2   ( MEN2 ) comprise the subtypes MEN2A 
(60 – 90%), MEN2B (5%), and FMTC (5 – 35%). They all are familial disorders that 
share an almost 100% risk for early onset medullary thyroid carcinoma. But only 
in MEN2A and MEN2B, is there a predisposition for additional tumors, mainly 
for potentially malignant pheochromocytoma (50%). In MEN2A, parathyroid ade-
nomas are observed in 20 – 30% of the cases that are rather uncommon in MEN2B. 
MEN2B individuals show a 40% rate of gastrointestinal ganglioneuromas and also 
prominent mucosal neuromas of the tongue, palate, and lips. The gene responsi-
ble for FMTC, MEN2A, and MEN2b is the  RET  gene, a protooncogene. It encodes 
a transmembrane tyrosine kinase receptor. The protein plays a role in cell growth 
and cell differentiation.  “ Ligand dependent ”  dimerization of the RET receptor 
protein after binding to the glial cell derived nerve growth factor GDNF or to NTN, 
and also to GDNF or NTN receptor proteins, results in autophosphorylation of 
intracellular RET tyrosine kinase domains that function as docking sites for intra-
cellular signaling proteins, and allow downstream activation of the mitogen - 



Figure 3.1     Nephroblastoma (Wilms tumor): Embryonal 
neoplasm, derived from nephrogenic blastemal cells, trying to 
imitate renal differentiation with stromal, blastemalm and 
tubular elements; see  “ Li – Fraumeni syndrome ”   (HE,  × 2.5).

activated protein kinase signaling cascade  [40] . Mutations in the cystein - rich 
extracellular and transmembrane domains of RET enable  “ ligand independent ”  
RET - dimerization and permanent activation of signaling pathways. They are 
responsible for most FMTC and MEN2A cases. The classical codon 918 point 
mutations, responsible for 95% of the MEN2B, lies within the catalytic core of the 
intracellular tyrosine kinase domain, and allows autophosphorylation and thus 
permanent activation  “ without dimerization ”  of the RET receptors. In contrast to 
the  “ gain of function ”  mutations in MEN 2, mutations that cause Hirschsprung 
disease (HSCR) are  “ loss of function ”  mutations  [95] . For families in which MEN 
2A and HSCR cosegregate, models to explain how the same mutation can cause 
gain of function and loss of function have been proposed  [96] . 

 The  Carney complex  (CNC1 and CNC2) is characterized by endocrine tumors or 
overactivity in the setting of myxomas, schwannomas, and spotty mucocutaneous 
pigmentations, the latter comprising multiple lentigines on the face, lips, conjunc-
tiva, vaginal and penile mucosa, and also (epitheloid) blue nevi. Myxomas have 
been observed in approximately 70% of patients as subcutaneous myxomas at 
mucosal - ephithelial junctions, preferably at inner eyelid borders, as cardiac, usually 
multiple pedunculated myxomas of endocardial origin that may be associated by a 
heart malformation, as myxomatosis of the breast, and rarely as osteochondro-
myxoma of the bone (Figure  3.2 ). A frequent endocrine tumor - like lesion is the 
 primary pigmented (micro) nodular adrenocortical disease  ( PPNAD ) occurring in 
25% of CNC individuals, and leading to cortisol overproduction and Cushing syn-
drome. Seventy - fi ve percent of CNC individuals present with thyroid adenomas, 
10% with growth hormone producing pituitary adenomas causing acromegaly, 
and 10% with psammomatous melanotic schwannomas that involve the gastroin-
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testinal tract and the skin, and metastasize in about 10% of the cases  [97] . Ductal 
adenomas or intraductal papillomas of the breast may also occur. Fifty percent of 
male patients present with testicular tumors, mostly bilateral  “ large - cell calcifying 
Sertoli cell tumors ”  that, when hormone producing, lead to precocious puberty. 
Malignancies are uncommon, but thyroid carcinomas have been described, sug-
gesting that the thyroid pathology in CNC ranges from follicular hyperplasia 
and/or cystic changes to carcinoma  [14] . A condition called the CNC variant, asso-
ciated with additional distal arthrogryposis and shows mutations in the MYH8 
gene, is now considered a distinct disorder  [98] . Two gene loci have been related 
to CNC, but only one responsible ( CNC1 ) gene has as yet been identifi ed.   

  PRKARIA1A , a tumor suppressor gene, encodes the R1 α  regulatory subunit of 
cAMP - dependent  protein kinase A  ( PKA ) that is an important effector molecule 
in many endocrine signaling pathways. Almost all pathologic mutations result in 
the truncation of the protein. They account for 65% of CNC cases  [15] . Complete 
inactivation of PRKAR1A at the tissue level follows degradation of the mRNA 
(NMD), or LOH.  

  3.6 
 Familial Cancer Associated Genodermatoses 

   Nevoid basal cell carcinoma (Gorlin) syndrome   ( NBCCS ) was delineated by Gorlin 
and Goltz  [9, 21] . Major features include multiple (up to hundreds) basal cell car-
cinomas or one BCC before the age of 30 years (85%), multiple palmar or plantar 

    Figure 3.2     Cardiac (atrial) myxoma: Tumor cells characterized 
by abundant eosinophilic cytoplasm and indistinct cell 
borders, also forming complex ring structures around blood 
vessels embedded in a myxoid matrix; see   “ Carney complex ”   
(HE,  × 20) (R. Moll, Marburg).  



pits (80%), odontogenic keratocysts (75%), bilamellar calcifi cation of the falx 
cerebri (65%), and tentorium cerebelli (20%), and a fi rst degree relative with 
NBCCS. Minor features comprise relative macrocephaly with an  occipito - frontal 
circumference  ( OFC ) of more than 97th percentile (50%), a coarse face (54%) with 
hypertelorism (40%), frontal bossing (27%) and cleft lip and palate (5%), epidermal 
cysts and facial milia (50%), bridged sella (68%), splayed or fused ribs and 
vertebrae, kyphoscoliosis, and pectus deformities, short fourth metacarpal, and 
also ovarian calcifi cations and fi bromas (25%), lymphomesenteric cysts, and 
cardiac fi bromas or rhabdomyomas (2%). Meningioma, hepatic mesenchymoma, 
lymphoma, and fi brosarcoma have also been reported. Five percent of affected 
children develop medulloblastoma and other  primitive neuroectodermal tumors  
( PNET ). Clinical diagnosis of NBCCS requires the presence of two major, or one 
major and two minor criteria. Some authors claim that palmar and plantar pits 
are pathognomonic  [99, 100] . Seventy percent to 80% of NBCCS cases are familial. 
New dominant mutations seem to be correlated with increased paternal age. Indi-
viduals with NBCCS are susceptible to X - irradiation. The gene associated with 
NBCCS is  PTCH1 , the human homolog to the drosophila  patched  gene, encodes 
a 12 - pass transmembrane protein that represses the signaling activity of the mem-
brane - bound proto - oncogene smoothed (SMOH). It also functions as a receptor 
for the sonic hedgehog (SHH) signaling protein. When PTCH1 is bound to SHH, 
SMOH is freed from suppression for downstream signaling. Thus,  PTCH1  exhib-
its tumor suppressor function, mutations activating the proto - oncogene  SMOH . 
Activating mutations in  SMOH  have only been found in sporadic basal cell carci-
nomas  [101] .  PTCH1  - mutations, including  “ in frame ”  and mostly  “ out of frame ”  
deletions, insertions, duplications, and also missense mutations, are detected in 
over 50% of affected individuals  [22] . In the presence of a germline mutation, 
tumor development requires LOH through a second somatic mutation of the 
wildtype allele. LOH may be triggered by UV or irradiation, as has been shown by 
the occurrence of thousands of basal cell carcinomas after radiotherapy of a child-
hood medulloblastoma  [9] . 9q interstitial deletions, when covering the  PTCH1  
locus, may lead to NBCCS with additional features  [102] . 

 The  Melanoma - pancreatic cancer syndrome  (see also Chapters  20  and  24  on pan-
creatic cancer and melanoma), also known as  familial atypical multiple mole 
melanoma - pancreatic cancer syndrome  ( FAMMM - PC ), is a subset of  familial 
atypical multiple mole melanoma  ( FAMMM )  [36] . It shares common features with 
the Melanoma - astrocytoma syndrome, namely the restriction to two tumor sites, 
the skin tumor always being a melanoma, the presence of numerous atypical nevi 
of more than 5   mm in diameter, and the causative involvement of the tumor sup-
pressor gene  CDKN2A  that is mutated in 20% of the FAMMM families.  CDKN2A  
encodes a cyclin - dependent kinase inhibitor p16 and the p53 activator p14 ARF , the 
latter by an alternative and independent exon 1 ß  spliced to exon 2 of the  CDKN2A  
gene. Both proteins are cell cycle regulators, p16 producing G1 cell cycle arrest by 
inhibiting phosphorylation of the retinoblastoma (Rb) protein, and p14 ARF  acting 
at the p53 and Rb pathways by preventing binding of the proto - oncogene MDM2 
to p53 and Rb, thus arresting both G1 and G2 phases of cell division  [35] .  CDKN2A  
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mutations have been identifi ed in FAMMM - PC families. No signifi cant differ-
ences in the types and locations of mutations were found between melanoma 
prone families with and without pancreas carcinoma  [103] . However, an increased 
risk of developing pancreas cancer was associated with the  p16 - Leiden  mutation, 
a 19bp deletion of exon 2 of the  CDKN2A  gene  [104] . Twelve percent of the 
pancreatic cancer families and 60% of FAMMM families present with p16 
mutations. 

 The  Melanoma - astrocytoma syndrome  is another rare subset of FAMMM. It is 
characterized by the dual predisposition to melanoma, including atypical melano-
cytic nevi and neural system tumors, most commonly astrocytomas. Other associ-
ated neural tumors have been described as medulloblastoma, glioblastoma 
multiforme, ependy - moma, glioma, meningioma, neurofi broma, and acoustic 
neurilemmoma  [33] . Mutations have been described as large deletions of the 
chromosomal band 9p21, containing the  CDNK2A  and  CDNK2B  genes, and 
encoding p16 and p15 and also p14 ARF  by differential splicing. It was suggested 
that either loss of p14 ARF  function, or disruption of p16 expression, was the 
critical abnormality, rather than the contiguous loss of  CDKN2A  and  CDKN2B  
genes  [34] . 

 The   Birt – Hogg – Dub é  syndrome   ( BHD ) is defi ned by the triad of adult onset 
fi bro - folliculomas, trichodiscomas, and acrochordons (skin tags), representing 
hamartomas that show up as whitish perfollicular skin papules predominantly on 
the face, neck, and trunk  [9] . The cutaneous lesions were found to be associated 
with emphysema - like multifocal lung cysts and spontaneous pneumothorax in 
89% of affected individuals, and with renal tumors in 15%. Other less frequent 
fi ndings were parathyroid adenomas, parotid oncocytomas, thyroid multinodular 
adenomas, medullary carcinoma, angiolipoma, and fl ecked chorioretinopathy, 
while previous reports on an association with colonic polyps and carcinomas were 
not confi rmed  [100] . Renal tumors most commonly present as hybrid oncocytoma 
and chromophobe renal cell carcinomas (50%), chromophobe (34%) and clear cell 
type carcinomas (9%), oncocytomas (5%), and papillary carcinomas (2%)  [105] . 
The gene responsible for BHD syndrome is the   FLCN   gene. It encodes folliculin, 
widely expressed in different tissues, including skin and skin appendages, type1 
pneumocytes, distal renal nephrons, and secretory cells. It functions as a tumor 
suppressor gene.  FLCN  mutations were found in 84% of BHD patients. The 
majority of mutations cause protein truncation  [10] . 

  Rothmund Thomson syndrome  is an autosomal - recessive tumor associated geno-
dermatosis starting with erythema, swelling, and blistering of the face, limbs, and 
buttocks between the age of three to six months, later changing to a chronic phase 
with reticulated hypo -  and hyperpigmentations, teleangiectases, and punctuate 
atrophy of the skin    –    a condition named poikiloderma. Scalp hair, including eye-
brows and eyelashes is sparse. Juvenile cataracts (6%), skeletal and dental anoma-
lies, and dysmorphic features may occur. Affected individuals carry a risk of early 
osteosarcoma (32%) and skin cancer (5%)  [52] . Haematologic disorders may 
include leukemia. Non - Hodgkin lymphoma has been observed following cytostatic 



therapy of osteosarcoma, and a higher risk for secondary malignancies has been 
suggested. The syndrome is due to mutation of the  RECQL4  gene, a member of 
the RecQ helicases family that promotes unwinding of the DNA helix. However, 
 RECQL4  encodes an ATP dependent DNA helicase Q4 that does not demonstrate 
helicase activity, but rather is involved in the initiation of DNA replication  [53] . In 
70% of patients with the clinical diagnosis of Rothmund - Thomson syndrome, 
different truncating  RECQL4  mutations were found, and it was stated that only 
truncating mutations are associated with a risk of osteosarcoma. Few cases not 
affected by osteosarcoma demonstrated missense mutations of unclear functional 
signifi cance  [52] . The fi nding of cell lines with trisomy 8 in lymphocytes of RTS 
patients was interpreted as acquired somatic mosaicism, indicating instability of 
lymphocyte chromosomes  [106] . 

  Werner syndrome  is a rare autosomal recessive  “ adult progeroid syndrome ” , more 
commonly reported in Japan. It is featured by signs of premature aging, chromo-
somal instability, and increased cancer incidence. Cardinal signs, starting in the 
twenties, are atrophy and pigmentary alterations, especially of the facial skin, pre-
mature graying and thinning of hair and balding, scleroderma - like skin changes 
in the limbs, ulcers and soft tissue calcifi cations, bilateral cataracts, type 2 diabetes 
mellitus, hypogonadism, and osteoporosis. Early arteriosclerosis may lead to myo-
cardial infarcts. Malignancies occur in about 10% of the patients with a ratio of 
mesenchymal to epithelial tumors of 1   :   1 as compared to a ratio of 1   :   10 in the 
normal aging population. Predominant tumors are soft tissue sarcoma and osteo-
sarcoma, leukemia, benign and malignant meningioma, acral lentiginous mela-
noma, and thyroid cancer  [61] . In about 90% of cases, Werner syndrome results 
from a mutation in the  WRN  gene, which encodes a member of the RecQ family 
(see Rothmund Thomson and Bloom ’ s syndrome), possessing helicase and exo-
nuclease activities. The WRN protein can unwind and digest aberrant DNA struc-
tures. It also regulates processes of DNA recombination and repair and is thus 
important for maintenance of genome stability. A great number of different muta-
tions have been identifi ed that result in stop codons, frame shift, or exon skipping. 
Twenty percent to 25% of WRN mutations correspond to a 1336C > T transition. 
In the Japanese population, a founder mutation IVS 25 – 1G    >    C has been found 
in 60% of the mutant alleles  [62, 107] . In tumor cells of Werner syndrome patients, 
it was demonstrated that  WRN  function was abrogated by transcriptional silencing 
associated with CpG island - promotor hypermethylation  [63] . 

  Tuberous sclerosis complex  ( TSC ) refers to a hereditary tumor syndrome that 
presents with hamartomas in child -  and adulthood, involving many different 
organs. TSC shows a predominance of almost 100%. About two - thirds of the cases 
represent new mutations. Characteristic skin lesions occur in more than 90% of 
the patients. They include hypomelanotic macules, facial angiofi bromas (previ-
ously termed adenoma sebaceum), shagreen patches, and fi brous facial plaques. 
Other major features are brain hamartomas (70%) such as subependymal glial 
nodules, cortical/subcortical tubers, and also giant cell astrocytomas ( < 14%) or 
ependymomas (see also Fig.  5.6 ). Furthermore, cardiac rhabdomyomas (48 – 68%) 
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that are mostly congenital and may regress and disappear, renal angiomyolipomas 
(75%) that are more common in affected children and females and pulmonary 
lymphangiomyomatosis, found almost exclusively in women, are observed (Figs. 
 3.3  and  3.4 )  [54, 55] . Hamartomatous rectal polyps, hamartomas in liver and 
spleen, multiple renal and bone cysts, pits in the dental enamel, subungual and 
sublingual fi bromas, retinal achromic patches, and cerebral white matter radial 
migration lines are considered minor features. Renal cell carcinoma and malig-
nant angiomyolipoma have also been described  [108, 109] . Many children with 
TSC show behavioral and cognitive impairment and seizures. The reported asso-
ciation of TSC with polycystic kidneys result from microdeletions in chromosome 
region 16p13.3, with a loss of both contiguous genes  TSC2  and  PKD1 , the latter 
being responsible for autosomal dominant polycystic kidney disease  [110] . Two 
genes were shown to be capable each of causing TSC:   

  TSC1  encodes a protein called hamartin and  TSC2  encodes a protein called 
tuberin. Hamartin and tuberin form a heterodimer, and in concert regulate cell 
growth and proliferation via the inhibition of the mTOR pathway. Defi ciency in 
tuberin and hamartin cause activation of cell proliferation and increase in cell size, 
thus leading to hamartomas and to giant cell formation, as seen in brain tumors 
and cardiac rhabdomyomas  [111] . The TSC1 - TSC2 complex is also thought to be 
involved in the regulation of mesenchymal differentiation, since cells from all 
components of the angiomyolipomas and lymphangiomyomatosis were shown to 
have identical somatic second hit mutations, suggesting derivation from a common 
progenitor  [54] . Furthermore, focal cell adhesion seems to be defi cient in  TSC1  

    Figure 3.3     Rhabdomyoma of the heart: Hamartoma 
consisting of enlarged, vacuolated, and clearly demarcated 
tumor cells and occasional spider cells with radial cytoplasmic 
extensions. Occasional cross striation can be demonstrated 
immunhistochemically; see   “ Tuberous sclerosis ”   (HE,  × 20).  



    Figure 3.4     Angiomyolipoma of the kidney: Mesenchymal 
neoplasm showing disordered arrangement of various mature 
tissues at a site, where these tissues normally do not reside 
(choristoma). They comprise thick - walled blood vessels, 
smooth muscle cells, and fat cells; see   “ Tuberous sclerosis ”   
(HE,  × 20) (R. Moll, Marburg).  

and  TSC2  mutations. This gave rise to the hypothesis of an increased migratory 
potential of TSC cells, allowing  “ benign metastasis ”  of hamartoma cells from the 
kidneys into the lungs  [112] . About 30% of the familial and about 15% of the 
simplex cases are TSC1 mutations, and about 50% of the familial and about 70% 
of the simplex cases are TSC2 mutations. About 20% are thought to be due to 
somatic mosaicism. More than 300 TSC1 and more than 800 TSC2 allele variants 
have been identifi ed, showing missense mutations and large deletions more 
common in TSC2, and nonsense and small deletions more common in TSC1 
 [113] . TSC1 mutations coincide with a milder phenotype concerning the risk for 
renal malignancy, cognitive, and behavioral disorders  [113] . 

 Muir - Torre, Cowden, Bannayan - Riley - Ruvalkaba, Gardner, and Carney syn-
dromes represent other typical cancer associated genodermatoses. They are dealt 
with under the subheadings  “ familial (non - )polyposis -  ”  and  “ endocrine tumor 
syndromes ”  of this chapter.  

  3.7 
 Familial Renal Cancer Syndromes 

   Van Hippel – Lindau syndrome   ( VHL ) predisposes to multiple cysts, for example, 
in the kidney (76%), pancreas (30 – 70%), and epididymis, and to a variety of benign 
and malignant tumors. Retinal angiomas (70%) may be the initial tumor lesion 
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diagnosed at about 25 years of age. They are histologically identical to the disease 
specifi c cerebellar and spinal haemangioblastomas (55 – 59%) (see also Fig.  3.5 ). In 
addition, epididymal cystadenomas (25 – 60%), renal clear cell carcinomas (24 –
 28%), phaeochromocytomas (7 – 19%), and pancreatic tumors (rare) occur, the 
latter comprising haemangioblastoma, neuroendo - crine tumors, insulinoma, and 
carcinoma. Cystadenomas have also been observed in females in the broad liga-
ment. Pulmonary haemangioblastomas, thoracic paraganglioma, and endolym-
phatic sac tumors (10%) of the membranous labyrinth, causing hearing loss, have 
been described  [59, 60, 114, 115] . VHL shows intrafamilial variability. About 20% 
of the cases are due to new mutations. Penetrance reaches almost 100% by the 
age of 65 years. With respect to the likelihood of developing phaeochromocytoma 
or renal cell carcinoma, four subtypes had been delineated: 

   •      VHL1   =   low risk of phaeochromocytoma,  
   •      VHL2A   =   high risk of phaeochromocytoma, low risk of renal cell carcinoma,  
   •      VHL2B   =   high risk of phaeochromocytoma, high risk of renal cell carcinoma,  
   •      VHL2C   =   risk for phaeochromocytoma only  [116] .      

 VHL is due to mutation of the  VHL  gene, encoding the multifunctional tumor 
suppressor protein pVHL. pVHL is involved in transcriptional regulation, post -
 transcriptional gene expression, protein folding, extracellular matrix formation, 
and ubiquitinylation  [58] . Its best known function so far is the oxygen dependent 
regulation of the hypoxia inducible factor HIF - 1 α , and its approximate 60 target 
genes, many of them coding for growth factors such as VEGF, PDGF, TGF, and 
EPO  [59] . Over 300 germline mutations have been described, including deletions, 

Figure 3.5     Cerebellar haemangioblastoma: Disease specifi c 
neoplasm displaying proliferated capillaries with characteristic 
foamy tumor cells in between; see  “ van Hippel – Lindau disease ” 
(HE, ×  40) (A. Pagenstecher, Marburg).  



frameshift, nonsense, missense, and splice site mutations, codon 167 being a hot 
spot. With respect to the genotype/phenotype correlation, it has been shown that 
VHL1 is associated with mutations that cause protein loss or disturbance of 
protein folding by an up - regulation of HIF - 1 α . VHL2A and VHL2B show missense 
mutations and up - regulation of HIF - 1 α , and additional microtubuli destabilization 
in VHL2A. The VHL2C phenotype is due to missense mutations that maintain 
the function of HIF - 1 α  degradation, but cause limited binding to fi bronectin. LOH 
has been shown in benign tumors and cysts. For malignant transformation, addi-
tional mutations in modifi er genes are needed  [59] . 

    Hereditary leiomyomatosis and renal cell cancer  (Reed) syndrome   ( HLRCC ) is 
defi ned by single or multiple painful cutaneous leiomyomas (76%) and/or a single 
renal cell cancer (62%)  [47, 48] . Affected women always show leiomyomata/fi broids 
of the uterus that may be large and numerous. The leiomyomas rarely become 
malignant leiomyosarcomas. Leydig cell tumors have also been described, as have 
some single other tumors such as breast and prostate cancer. However, the latter 
are not related to the disorder. The renal tumor tends to be aggressive and displays 
a unique histological and cytologic pattern, corresponding to a type 2 papillary, 
tubulo - papillary, or a collecting duct renal carcinoma. Mean age of diagnosis is 10 
to 47 years. The disorder is due to mutation of the  FH  gene encoding fumarate 
hydratase, an enzyme responsible for the transformation of fumarate to  L  - malate 
in the tricarbocylic acid cycle. It was demonstrated that FH inhibition, together 
with elevated intracellular fumarate, coincides with HIF upregulation (see von 
Hippel - Lindau), this leading to the stimulation of numerous growth factor target 
genes, and thus supporting the role of FH as tumor suppressor  [117] . Most 
mutations in HLRCC are missense mutations. LOH has been shown in tumor 
tissues  [48] . 

  Rhabdoid tumor predisposition syndrome  is a rare condition characterized by 
highly malignant  atypical teratoid/rhabdoid tumors  ( AT/RT ) (see also Fig.  5.4 ). 
Typically, they present with eccentric vesicular nuclei, prominent nucleoli, distinct 
nuclear membranes, and globular cytoplasmic inclusions, and develop in children 
younger than 2 years of age. They were fi rst described in the kidneys and mistaken 
for sarcomatous variants of Wilms tumors (Fig.  3.6 ). Extrarenal primary manifes-
tations of AT/RT were shown to occur in the posterior fossa, and/or the subtento-
rial compartment of the brain, occasionally in the pineal and cervical region, often 
diagnosed as medulloblastoma, anaplastic ependymoma, chorioid plexus carcino-
mas, schwannomas, meningiomas, sPNET, pinealoblastoma, rhabdomyosarcoma, 
or Ewing sarcoma  [118 – 120] . A CNS malignancy is found in 13.5% of cases with 
a renal rhabdoid tumor  [121] . The responsible gene for the AT/RT predisposition 
was found in a frequently deleted chromosomal region 22q11.2 and was identifi ed 
as the  SNF5/INI1  tumor suppressor gene. Its product forms part of the SW1/SNF 
chromatin remodeling complex, thought to be responsible for ploidy control. 
Tumor associated  SNF5/INI1  mutations exacerbate poly - and aneuploidization by 
abrogating chromosome segregation  [122] . Most germline mutations, leading to 
truncation or protein loss by duplications and/or large deletions, are due to new 
mutations  [49, 50] . However, familial cases, demonstrating incomplete penetrance 
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via non penetrant males, have been described  [51] . LOH with loss of the wildtype 
allele is needed for tumor development. It is not clear whether reported brain 
tumor types represent misdiagnosed rhabdoid tumors  [51] , or whether  SNF5/INI1  
mutations can cause other primitive neuroectodermal tumors without a rhabdoid 
phenotype  [119] .    

  3.8 
 Sarcoma Family Syndrome 

   Li – Fraumeni syndrome   ( LFS ) features a  sarcoma family syndrome , fi rst described 
in 1969. It contrasts the  cancer family  and  hereditary cancer syndromes  by a wider 
range of tumors, originating in tissues derived from the ecto -  or entodermal germ 
layer, and also by a predisposition to sarcomas that arise in tissues of mesodermal 
origin. LFS shows a tendency towards an unusually early onset of tumor develop-
ment, especially in families with a germline  TP53  mutation  [26] . This also explains 
the occurrence of typical childhood tumors, such as embryonal rhabdomyo-
sarcoma, medullo - , neuro - , glio - , and nephroblastoma (Wilms tumor) (Fig.  3.1 ). 
The observed tumor types and sites of LFS are listed in Table  3.1 , the six classical 
tumors being breast cancer (25.8% TP53+ /24.6% TP53 −  ), soft tissue sarcoma (19.7% TP53+ /
17.8% TP53 −  ), osteosarcoma (14.9% TP53+ /13.7% TP53 −  ), brain tumor (13.2% TP53+ /
2.7% TP53 −  ), leukemia and lymphoma (5.3% TP53+ /6.8% TP53 −  ), and adrenocortical 
carcinoma (3% TP53+ /0% TP53 −  )  [26] . Classic LFS is defi ned by 

    Figure 3.6     Rhabdoid tumor of the kidney: Characteristic 
monomorphic pattern of non - cohesive blastemal cells with 
eccentric vesicular nuclei, prominent nucleoli, distinct nuclear 
membranes and occasional pale cytoplasmic inclusions; 
see   “ Rhabdoid tumour disposition syndrome ”   (HE,  × 20) 
(R. Moll, Marburg).  
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   •      a proband with a sarcoma before the age of 45 years,  
   •      a fi rst - degree relative with any cancer before the age of 45 years, and  
   •      an additional fi rst -  or second - degree relative in the same lineage with any cancer 

before the age of 45 years, or  
   •      a sarcoma at any age  [3] .    

 Tumor conditions, suggesting LFS, but not strictly conforming to this defi nition, 
are designated as  Li – Fraumeni - like  syndrome ( LFL )  [123, 124] . LFS and LFL are 
genetically heterogenous. 

 A heterozygous germline  TP53  mutation underlies about 80% of LFS    –    and 20% 
of LFL families  [26] . Tumor development is associated with LOH, denoting somatic 
loss of the normal wildtype allele.  TP53  codes for the tumor suppressor protein 
p53, a cellular gatekeeper for growth and division. It determines whether cells 
undergo a delay of cell cycle progression for purposes of DNA repair or pro-
grammed cell death (apoptosis), by stimulating the production of p21 that interacts 
with the cell division - stimulating protein cdk2. P53 mutations cause an inability 
to set off the appropriate chain of events when presented with damaged DNA, and 
thus promotes the development of a wide spectrum of tumor types  [125] . More 
than 200 distinct germline  TP53  mutations have been described, the vast majority 
occurring in exons 5 to 8. Most mutations represent missense mutations, but also 
duplications, inversions, large deletions, and splice site mutations have been 
observed. 

 A heterozygous germline mutation of  CHEK2  (checkpoint kinase 2), another 
tumor suppressor gene, has been detected in a subset of  TP53  negative LFS -  and 
LFL families, leading to the delineation of a  Li – Fraumeni syndrome type 2  ( LFS2 ) 
 [28] .  CHEK2  encodes the serine/threonine - protein kinase chk2 that mediates the 
phosphorylation of p53 at Ser 22 , which is essential for the stabilization of p53 after 
DNA damage. After LOH,  CHEK2  mutations fail to activate p53 after DNA damage, 
or lead to gross instability of the chk2 protein. Chk2 also binds and regulates 
BRCA1  [27, 126] . 

 A  Li – Fraumeni syndrome type 3  ( LFS3 ) was defi ned after mapping of a third 
LFS predisposition locus to human chromosome 1q23  [29] . Recently, mutations 
in the  BRCA2  gene have been associated with Li – Fraumeni - like syndrome  [30] . 

 LFS is a highly penetrant tumor syndrome, with an overall life - time cancer risk 
calculated at 85%  [127] . Fifty - six percent of tumors in LFS families occur prior to 
the age of 30 years, and in LFL families 44% were diagnosed before the age of 30 
years  [27] . Frameshift  TP53  mutations confer a higher cancer risk than certain 
missense mutations.        
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  In 1957, a three times higher incidence of leukemia in children with Down ’ s 
syndrome was described  [1] . The association of Wilms tumor in children with 
Beckwith – Wiedemann syndrome is now well established. Ataxia - teleangiectasia, 
Fanconi syndrome, Nijmegen breakage syndrome, and Bloom syndrome are 
further examples resulting from mutations in genes contributing to genome stabil-
ity with a predisposition to develop cancer. During recent years, a growing number 
of dysmorphic syndromes are known to be associated with tumorigenesis (Proteus 
syndrome, Noonan syndrome, Costello syndrome, Sotos syndrome, etc.). 

 Genetic, as well as environmental factors, play a role in the development of 
cancer. Common pathways are suspected to be involved in tumorigenesis and the 
etiology of congenital anomalies. In several studies it has been shown that patients 
with congenital anomalies have an increased risk of malignancies, in comparison 
to control children. The fi rst study establishing the incidence and spectrum of 
clinical genetic syndromes concurring with malignancies in children was pub-
lished by Merks  et al .  [2] . They found 7.5% of patients with cancer had a suspected 
genetic syndrome. This number is considerably higher than the prevalence of 
syndromes in the general population. It is of note that a high number of syn-
dromes associated with tumors were fi rst detected in this study. This means that 
clinically well defi ned syndromes in children with cancer are often overlooked 
by standard pediatric care. Therefore, it is recommended that every child with 
cancer should be examined by a clinical geneticist or pediatrician trained in 
dysmorphology.      

  4.1 
 Overgrowth Syndromes 

 Overgrowth syndromes are characterized by height and weight measurements 2 – 3 
standard deviations above the mean for age and sex. The relationship between 

Summary
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malignancies and overgrowth syndromes has been extensively described  [3, 4] . 
Frequently seen are kidney and liver tumors, as well as neuroblastoma, osteosar-
coma, and leukemia. 

  4.1.1 
 Beckwith – Wiedemann Syndrome ( BWS ) 

 Macrosomia, macroglossia, and omphalocele are the diagnostically important 
clinical signs characterizing  Beckwith – Wiedemann syndrome  ( BWS ). Hemihy-
perplasia may affect segmental regions of the body or selected organs. Patients 
with BWS display a rather recognizable facial phenotype including prominent 
eyes, midline facial nevus fl ammeus, macroglossia, anterior earlobe creases, and 
posterior helical pits. Most patients with BWS have birth measurements above 
the 97th percentile for gestational age  [5] . However, it is noteworthy that 
increased growth parameters normalize with puberty, resulting in adult heights 
between the 50 th  and 90 th  centiles  [5, 6] . Mental development may be delayed 
in cases with duplication of 11p15, or due to undetected episodes of hypogly-
cemia present in about 30 – 50% of infants with BWS  [6] . Visceromegaly of the 
liver, spleen, pancreas, kidneys, and adrenal glands are further features in this 
condition. 

 The genetic mechanisms in BWS, in which genetic imprinting, somatic mosa-
icism, and multiple genes are involved, are complex and have recently been 
reviewed  [7, 8] . The phenotypic variability and risk for malignancy are related to 
the underlying genetic etiology  [9] . 

 The condition has been localized to the chromosomal region 11p15. BWS is 
most often sporadic (85%), whereas cytogenetic aberrations (translocations, inver-
sions, or duplications) involving 11p15 are present in only 1% of patients with 
BWS  [10] . However, cytogenetic testing is necessary in order to interpret the 
results of molecular analysis, and for evaluation of the risk for recurrence. Auto-
somal dominant inheritance with preferential maternal transmission has been 
documented in about 10 – 15% of cases. Due to a high phenotypic variability even 
within families, a careful examination of the pedigree is recommended. 

 BWS results from the abnormal expression of imprinted genes on 11p15. 
Alterations in two clusters (DMR1 and DMR2) of imprinted genes lead to 
changes of expression of genes responsible for BWS. Domain 1 (DMR1), which 
is located on the telomeric end of the imprinted gene cluster in 11p15, contains 
the genes  insulin - like growth factor 2  (  IGF2  , paternally expressed), and  H19  
(maternally expressed). About 25% of patients show  loss of imprinting  ( LOI ) 
of  IGF2 , resulting in expression of both parental alleles. A second domain, 
DMR2, which is centromeric to DMR1, contains several imprinted genes includ-
ing:  KCNQ1, KCNQ1OT1(LIT1) CDKN1C, PHLDA , and  SLC22A18. LIT1  is 
paternally expressed, whereas  KCNQ1 and  CDKN1C  are maternally expressed. 
Hypomethylation of DMR2 and LOI of  LIT1  are present in about 50% of the 
patients with sporadic BWS. In the remaining cases, paternal  uniparental disomy  
( UPD ) of 11p15 (20%), mutations of  CDKN1C  (5 – 10%), chromosomal rearrange-
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ments (duplications, inversions, and translocations) (1%), or other epigenetic 
alterations are present  [8] . In some patients the molecular etiology cannot be 
resolved. 

 Patients with BWS have an increased risk (5 – 10%) of developing embryonal 
tumors, especially between the fi rst 5 – 8 years  [6, 11 – 13] . This risk is infl uenced 
by several factors such as the presence of hemihyperplasia, nephromegaly, and 
molecular etiology. The most common tumors are Wilms tumor and hepato-
blastoma, but also rhabdomyosarcoma, adrenocortical carcinoma, and neuro-
blastoma can occur  [11, 14] . Patients with LOI of  LIT1  have a risk of 1 – 5% of 
malignancy, whereas the risk in patients with LOI of  H19  is much higher 
(35 – 45%). Paternal UPD11p15 is associated with a risk of 25 – 30% of developing 
a tumor. In patients with a normal methylation pattern there seems to be a 
risk of 10 – 15% for malignancies  [13] . Although the spectrum of tumors varies 
with the underlying molecular defect, Wilms tumor is the most frequent embryo-
nal tumor, especially in patients with paternal uniparental disomy 11p15 and 
 H19  hypermethylation, whereas patients with a loss of methylation in DMR2 
are more susceptible to developing rhabdomyosarcoma, hepatoblastoma, and, 
less frequently, gonadoblastoma, neuroblastoma, or adrenocortical carcinoma 
 [14] . 

 Regular surveillance for tumors in children with BWS independent from the 
molecular etiology is recommended  [15 – 17] . At the time of diagnosis, an MRI of 
the abdomen should be performed  [18] , followed by quarterly abdominal ultra-
sounds and serum AFP testing of  alphafetoprotein  ( AFP )  [19] .  

  4.1.2 
 Isolated Hemihyperplasia ( IHH ) 

  Isolated hemihyperplasia  ( IHH ) is an abnormality of cell proliferation leading to 
asymmetric overgrowth of one or more regions of the body. Hemihyperplasia can 
occur as one part of different overgrowth syndromes or in isolation. In addition, 
IHH is often found in cytogenetic anomalies, especially mosaicism. Molecular 
studies revealing methylation defects of the  LIT1  (hypomethylation) and  H19  
(hypermethylation) genes on chromosome 11p give evidence that epigenetic 
changes can result in a phenotype different from BWS  [20, 21] . 

 In patients with IHH, there is an increased risk ( ∼ 6%) of embryonal cancers in 
childhood, particularly Wilms tumor  [22 – 24] . Most common are adrenal cortical 
carcinoma and hepatoblastoma, but also pheochromocytoma, testicular carci-
noma, undifferentiated sarcoma, and leiomyosarcoma can occur. Patients with 
isolated hemihypertrophy due to uniparental disomy at 11p15 seem to have a high 
tumor risk  [25] . 

 Most of the tumors occur in the abdomen, which makes it reasonable to recom-
mend regular abdominal ultrasound and physical examination, serum (AFP and 
beta human chorionic gonadotropin), and urine screening (vanillymandelic 
acid, homovanillic acid, and catecholamines) every 3 months up to an age of 
7 years  [4] .  
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  4.1.3 
 Proteus Syndrome ( PS ) 

  Proteus syndrome  ( PS ) is characterized by asymmetric overgrowth of different 
parts of the body  [26 – 28] . Frequently found are lipomas, epidermal nevi, vascular 
and lymphatic malformations, and cranial hyperostoses. There seems to exist a 
facial phenotype comprising dolichocephaly, long face, low nasal bridge, and 
anteverted nares. Diagnostic guidelines have been developed by Biesecker  [29, 30] . 
Zhou  et al .  [31]  reported a boy with congenital hemihypertrophy, epidermal nevi, 
macrocephaly, lipomas, arteriovenous malformations, and normal intellect. A 
clinical diagnosis of Proteus - like syndrome was suggested. Mutational analysis 
of the DNA from peripheral blood revealed heterozygosity for a single base trans-
version, resulting in a nonsense mutation R335X leading to a premature stop, 
whereas analysis of DNA from a nevus, lipoma, and arteriovenous mass was found 
to carry an additional second hit R130X mutation on the allele opposite the germ-
line mutation R335X. These mutations have been reported in patients with Cowden 
and Bannayan – Zonana syndromes. It has been speculated that the second hit, 
R130X, occurred early in embryonic development, and may even represent 
germline mosaicism. Thus, as to whether  PTEN  may play a role in patients with 
Proteus or Proteus like - syndrome with implications for cancer development is still 
unclear. 

 In PS, most malignancies occur under the age of 20 years, and often unusual 
types of tumors have been described such as ovarian (cystadenoma of the ovary), 
testicular (adenocarcinoma), meningeal and parotid neoplasms  [27, 32, 33] . 
Multiple tumors can occur in the same patient. MRI screening of the brain (every 
two years), physical examination, and abdominal ultrasound (once a year) are 
recommended.  

  4.1.4 
 Sotos Syndrome ( SS ) 

  Sotos syndrome  ( SS ) is an autosomal dominant disorder characterized by hypoto-
nia, accelerated growth, macrodolichocephaly, receding anterior hairline, sparse 
hair, frontal bossing, ocular hypertelorism, and a prominent chin. Most patients 
show delayed development and behavioral problems  [34] . Mild dilation of the 
cerebral ventricles, non - specifi c EEG changes, and seizures have been observed. 
Bone age is often accelerated, but decreases after the age of 5 years. Height is 
usually above the 97th centile. It is important to note that both height and head 
circumference are within the upper normal range in 10% of the individuals, indi-
cating that overgrowth is not obligatory for the diagnosis of SS. 

 In 2002, the causative gene  NSD1  localized in 5q35 was identifi ed in patients 
with SS  [35] . The results indicate that haploinsuffi ciency of  NSD1  is the major 
cause of SS. Microdeletions are frequent in the Japanese population (52%), but 
seem to be rare in Caucasians (6 – 10%)  [36, 37] . 
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 An increased risk (2 – 3%) for tumors was described  [38 – 40] . Most tumors 
occurred after the age of 5 years. The most frequent tumor types are leukemia and 
lymphoma with a preponderance in males  [41] . In contrast to other overgrowth 
syndromes, embryonal tumors are not the most common. More than 20 different 
tumors have been described in patients with SS, among them Wilms tumor, lym-
phomas, neuroblastoma, acute leukemia, hepatocarcinoma, blastoma of the lung, 
small cell carcinoma of the lung, yolk sac tumor of the testis, epidermoid carci-
noma of the vagina, and diffuse gastric carcinoma  [4] . It is of note that a variety 
of benign tumors (osteochondroma of the bone, sacrococcygeal teratoma, ganglio-
glioma, fi broma of the heart and ovary) have been reported. Due to the huge 
spectrum of malignancies, it is diffi cult to defi ne a specifi c screening protocol. 
Generally, a physical examination, abdominal ultrasound, as well as serum and 
urine screening, should be performed every four months.  

  4.1.5 
 Weaver Syndrome ( WS ) 

 Patients with  Weaver syndrome  ( WS ) are usually macrosomic at birth. The face 
is characterized by a broad forehead, large ears, hypertelorism, micrognathia (but 
with a pointed, dimpled chin), and a long philtrum. Flaring of the metaphyses of 
the long bones and signifi cantly advanced bone age in infants are helpful in estab-
lishing the clinical diagnosis. Most patients show developmental delay  [42] . 
Multiple reports give evidence that WS is an autosomal dominant condition. There 
is ongoing debate as to whether SS and WS are representatives of locus or allelic 
heterogeneity  [43] . The facial appearance bears somewhat similar features, but 
experienced dysmorphologists strongly believe they are distinct. The underlying 
defect is still unknown.  NSD1  mutations have been found in some rare patients; 
however, the diagnosis of WS was not convincing  [37, 38, 44] . 

 The risk for malignancies in patients with WS seems to be low. There are two 
reports of neuroblastoma  [45, 46] , one patient with a sacrococcygeal teratoma  [47]  
and one with an ovarian endodermal sinus tumor  [48] . Screening (physical exami-
nation, abdominal ultrasound, serum screening, and urine analysis) are recom-
mended once a year.  

  4.1.6 
 Simpson – Golabi – Behmel Syndrome ( SGBS ) 

  Simpson – Golabi – Behmel syndrome  ( SGBS ) is an X - linked condition character-
ized by pre -  and postnatal overgrowth, coarse face, macroglossia, organomegaly, 
congenital heart defects, and variable mental retardation  [49 – 51] . There is consid-
erable overlap with BWS. About 100 patients with SGBS have been reported to 
date  [52] . 

 Mutations in the glypican 3 gene  (CPC3)  (point mutations and deletions) at 
Xq26 have been identifi ed by  [53] . The reported frequency for tumors is 10%. All 
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tumors are intra - abdominal (Wilms tumor, hepatoblastoma, adrenal neuroblas-
toma, gonadoblastoma, hepatocellular carcinoma)  [4, 54] . Tumor screening should 
include abdominal ultrasound, urine analysis, and biochemical testing for embryo-
nal tumors.  

  4.1.7 
 Bannayan – Riley – Ruvalcaba Syndrome ( BRRS ) 

  Bannayan – Riley – Ruvalcaba syndrome  ( BRRS ) is characterized by high birth mea-
surements, macrocephaly, intestinal polyposis, developmental delay, lipomas, and 
pigmented spots on the penis  [55 – 57] . The three independent descriptions were 
recognized to be a single entity and renamed by Cohen in 1990  [58] . Mutations in 
the  PTEN  gene have been identifi ed in patients with BRRS  [59],  as well as in 
patients with Cowden syndrome  [60] . In 1999, Marsh  et al .  [61]  suggested that the 
spectrum of disorders be referred to as  PTEN hamartoma tumor syndrome  
( PHTS ).  PTEN  is a tumor suppressor gene localized at 10q23.21 and plays an 
important role in malignancy. In BRRS mostly benign tumors such lipomas, 
angiolipomas, and hamartoma are observed  [28] . Up to now, malignant tumors 
(thyroid carcinoma, breast cancer, ganglioneuroma) were only reported in three 
patients  [28, 62] .   

  4.2 
 Syndromes with Mutations in the Mitogen - Activated Protein Kinase 
( MAPK ) -  RAS  Pathway 

  Noonan syndrome  ( NS ) is an autosomal dominant condition characterized by 
specifi c dysmorphic facial features, congenital heart disease, and short stature. 
 Cardio - facio - cutaneous  ( CFC ) and  Costello  ( CS ) syndromes are two autosomal 
dominant disorders showing overlapping features to NS. These three conditions 
are members of the MAPK - RAS pathway, which transduces a large variety of 
cellular responses, including cellular growth, differentiation, infl ammation, and 
apoptosis. Clinically, it is often diffi cult to make an accurate diagnosis, especially 
in neonates and young children. Given the fact that there are different risks of 
neoplasia in these conditions, it is important to provide a molecular diagnosis, 
especially in making management decisions. 

  4.2.1 
 Noonan Syndrome ( NS ) 

 Noonan syndrome (NS), fi rst described in 1963  [63] , is a common autosomal 
dominant dysmorphic syndrome characterized by short stature, hypertelorism, a 
downward eye slant, and low - set posteriorly rotated ears. Other features include 
short stature, short neck with webbing or redundancy of skin, cardiac anomalies, 
epicanthic folds, deafness, mild intellectual and motor delay, and a bleeding 



diathesis  [64] . There is great variability in expression, and especially the facial 
phenotype becomes less pronounced with age  [65] . Pulmonary stenosis is the most 
frequent cardiac defect in NS and hypertrophic cardiomyopathy is present in about 
20% of patients, which has an estimated incidence of 1 in 1000 to 2500 live births 
 [66] . In about 50% of patients with a clinical diagnosis of NS, gain - of - function 
mutations in the  PTPN11  gene (12q24.1) have been identifi ed  [67] . The  PTPN11  
gene encodes the non - receptor - type protein tyrosine phosphatase SHP - 2  [67] . In 
1969, Gorlin  et al .  [68]  described the  LEOPARD syndrome  ( LS ) which is an acronym 
for the following features: multiple  L entigines,  E lectrocardiographic conduction 
abnormalities,  O cular hypertelorism,  P ulmonic stenosis,  A bnormal genitalia, 
 R etardation of growth, and sensorineural  D eafness. LS shares a variety of clinical 
features with Noonan syndrome. Digilio  et al .  [69]  identifi ed  PTPN11  mutations 
in 8 of 10 (80%) infants with LS, indicating that these two disorders are allelic. 
Subsequently, Pandit  et al .  [70]  demonstrated that, in addition, gain of function 
mutations in the  RAF1  gene, which encodes a serine - threonine kinase that acti-
vates  MEK1  and  MEK2 , are responsible for a subgroup of patients with LS and 
NS showing hypertrophic cardiomyopathy. 

  De novo  germline mutations of the  KRAS  gene have also been disclosed in 
individuals with NS, but account for less than 5% of cases  [71] . In about 17 – 20% 
of patients with NS, gain - of - function mutations in the  SOS1  gene  [72, 73]  have 
been identifi ed. The  SOS1  gene encodes a RAS - specifi c guanine nucleotide 
exchange factor. 

 Children with NS have an increased incidence of  juvenile myelomonocytic leu-
kemia  ( JMML ),  myelodysplastic syndrome  (MDS), and acute myeloid leukemia 
( AML )  [74, 75] . However, the clinical course is much milder than in the isolated 
forms. Tartaglia  et al .  [76]  show that patients with NS and JMML have germline 
gain of function mutations in  PTPN11 , whereas somatic mutations in this gene 
account for about 34% of non - syndromic JMML, and for a small percentage of 
patients with non - syndromic MDS and AML. It is of note that patients with NS 
with JMML mainly harbor the 218 - C mutation in  PTPN11 , which is a rare muta-
tion in isolated NS, highlighting that specifi c mutated alleles indicate a risk for 
JMML. In 2006, Tartaglia  et al .  [77]  proposed a model that splits NS -  and leukemia -
 associated  PTPN11  mutations in two major classes of activating lesions with 
differential perturbing effects on development and hematopoiesis. These results 
documented a strict correlation between the identity of the lesion and disease, and 
demonstrated that NS - causative mutations have less potency for promoting SHP2 
gain of function, than do leukemia - associated ones.  

  4.2.2 
 Cardio - Facio - Cutaneous Syndrome ( CFC ) 

 Cardio - facio - cutaneous (CFC) syndrome is characterized by a distinctive facial 
appearance, heart defects, cutaneous abnormalities, and mental retardation. Post-
natal feeding problems can be severe. The heart defects include pulmonic stenosis, 
atrial septal defect, and hypertrophic cardiomyopathy. Some patients have ecto-
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dermal abnormalities such as sparse, curly and friable hair, hyperkeratotic skin 
lesions, or a generalized ichthyosis - like condition. Typical facial characteristics 
include high forehead with bitemporal constriction, hypoplastic supraorbital 
ridges, down slanting palpebral fi ssures, a depressed nasal bridge, and posteriorly 
angulated ears with prominent helices. There is a considerable phenotypic overlap 
of CFC syndrome with Noonan and Costello syndromes  [78] . Recently germline 
missense mutations in  KRAS  (5%),  BRAF  (75 – 80%), and  MEK1/MEK2  (10 – 15%) 
 [79, 80]  have been identifi ed in patients with CFC syndrome, whereas somatic 
mutations in these genes are present in various tumors. There seems to a very 
low incidence of neoplasms in CFC syndrome. To date, only two patients are 
reported to have an acute lymphatic leukaemia  [81, 82] . As to whether this associa-
tion is coincidental or causal is unknown at the moment.  

  4.2.3 
 Costello Syndrome ( CS ) 

 Costello syndrome (CS) is a rare multiple congenital anomaly syndrome, associ-
ated in all cases with a characteristic coarse face with full lips and a large mouth, 
curly or sparse hair, short stature, severe feeding problems, and failure to thrive. 
Other features include cardiac anomalies, soft skin with deep palmar and plantar 
creases, and mental retardation. Facial papillomata, particularly nasolabial, often 
develop in later childhood  [83] . In 2005, Aoki  et al .  [84]  were able to demonstrate 
that heterozygous  de novo  germline mutations in  HRAS , a member of the MAPK -
 RAS pathway, are causative for CS. Patients with CS have a predisposition to 
develop benign or malignant neoplasia. The most common malignancies in CS 
are embryonal rhabdomyosarcoma, transitional cell carcinoma, and neuroblas-
toma. About a quarter of the reported patients with CS developed a malignancy, 
including rhabdomyosarcoma, neuroblastoma, ganglioneuroblastoma, bladder 
carcinoma, acoustic neuroma, and epitheliomata. The incidence of solid tumors 
is similar to that in BWS. Most frequently, rhabdomyosarcoma, originated from 
the abdomen, pelvis, or urogenital areas occur  [85] . 

 Regular tumor screening is recommended: ultrasound examination of the 
abdomen and pelvis every 3 to 6 months until the age of 8 to 10 years looking for 
rhabdomyosarcoma and abdominal neuroblastoma, urine catecholamine metabo-
lite analysis every 6 to 12 months until age 5 years for neuroblastoma, and urine 
analysis for hematuria annually, for bladder carcinoma after age 10 years.  

  4.2.4 
 Noonan - Neurofi bromatosis Syndrome ( NFNS ) 

  Neurofi bromatosis  type 1 ( NF ) and Noonan syndrome (NS) are two distinctive 
conditions (see Chapter  6  on neurofi bromatosis). In 1985, Allanson and colleagues 
 [86]  described patients with features of both, neurofi bromatosis type 1 and NS 
(caf é  - au lait spots, pulmonic stenosis, short stature, and pectus anomalies). Sub-
sequently, further reports of this association have been described  [87] . There was 



an ongoing debate whether NFNS is a variant of NF1 or NS, whether there is a 
chance association, or whether they are two distinct disorders. Mutations in the 
 NF1  gene have been reported in patients with the NFNS phenotype  [88] . Interest-
ingly, DeLuca  et al .  [89]  were able to identify a mutation in the  NF1  gene in 16/17 
patients with a NFNS phenotype, indicating that  NF1  mutations represent the 
major molecular event underlying NFNS. None of these patients carried a muta-
tion in the  PTPN11  gene. A mutation in the  NF1  gene and the  PTPN11  gene has 
been described in only one patient with NFNS  [90] , a fi nding which was not sup-
ported in other studies. The identifi cation of specifi c NF1 alleles recurring in 
NFNS, together with evidence that these alleles cosegregate with the condition in 
families, as well as the presence of a specifi c mutational spectrum, suggests that 
NFNS is a phenotypic variant of NF1. From a molecular point of view, the clinical 
overlap between NF1 and NS is evident because the gene products of  NF1  
(neurofi brin) and  PTPN11  (SHP - 2) run in a common pathway. Mutations in the 
 PTPN11  gene usually show a gain of function resulting in excessive SHP - 2 activity, 
whereas mutations in the  NF1  gene generally result in haploinsuffi ency of neuro-
fi brin through a loss of function. Neurofi brin and SHP - 2 show antagonistic func-
tion on RAS - mediated transduction cascades, which modulate cell response to 
several growth - factor and cytokine receptors  [91] . Consistent with these fi ndings, 
patients with NF1 and NS are predisposed to develop similar hematologic malig-
nancies  [91, 92] . However, until now there are only a few reports describing an 
association of malignancy and NFNS. Klopfenstein  et al .  [93]  reported two unre-
lated boys with NFNS who developed acute lymphoblastic leukemia. Oguzkan 
 et al .  [94]  described a patient with the NFNS phenotype with rhabdomyosarcoma 
of the bladder. Molecular analysis revealed a deletion in the  NF1  gene.   

  4.3 
 Miscellaneous Dysmorphic Syndromes Leading to Tumorigenesis 

 There are a number of further dysmorphic syndromes associated with cancer. 
However, some of these conditions are very rarely reported and, in others, the 
frequency of tumours is only documented in a single case report, therefore, in the 
following only more common syndromes with an increased frequency of malig-
nancies are described. 

  4.3.1 
 Gorlin Syndrome (Nevoid Basal Cell Carcinoma Syndrome,  NBCCS ) 

 Patients with NBCCS have characteristic dysmorphic facial features such as 
macrocephaly, frontal and temporo - parietal bossing, and prominent supraorbital 
ridges. In 50%, relative macrocephaly is present. The jaw is prognathic, the nasal 
root is broad, and there may be telecanthus or even true hypertelorism. In addition, 
numerous  basal cell cancers  ( BCC ) and epidermal cysts of the skin, odontogenic 
keratocysts of the jaws, as well as palmar and plantar pits are present. There are 
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a number of radiological signs, such as bifi d, fused, or partially missing ribs which 
occur in about 60% of cases. Kyphoscoliosis occurs in 30 – 40% and spina bifi da 
occulta in about 60%. Short metacarpals, pre -  or postaxial polydactyly, syndactyly 
of the second and third fi ngers, and Sprengel deformity are also seen but less fre-
quently. The multiple nevoid basal cell carcinomas appear after puberty, especially 
on the face and neck, but also on the trunk and other parts of the body. Various 
neoplasms or hamartoma can occur  [95, 96] . Kimonis  et al .  [97]  introduced major 
criteria and minor criteria which can be used in making the diagnosis of Gorlin 
syndrome by the presence of two major, or one major and two minor criteria. 

Major criteria are:

   1.     More than two BCCs or one under the age of 20 years;  
  2.     Odontogenic keratocysts;  
  3.     Three or more palmar pits;  
  4.     Bilamellar calcifi cation of falx cerebri;  
  5.     Bifi d, fused, or splayed ribs;  
  6.     First - degree relative with NBCCS.    

 Minor criteria consist of: 

  1.     Macrocephaly adjusted for height;  
  2.     Frontal bossing, cleft lip/palate, hypertelorism;  
  3.     Sprengel deformity, syndactyly of digits;  
  4.     Bridging of sella turcica, hemivertebrae, fl ame - shaped radiolucencies;  
  5.     Ovarian fi broma;  
  6.     Medulloblastoma.    

 Gorlin and Goltz  [96]  suggested autosomal dominant inheritance with complete 
penetrance and variable expressivity. New mutations are present in about 35 – 50%. 
The gene has been mapped to 9q22.3  [98, 99] . Mutations in the  PTC  gene ( PTCH ), 
a human homolog of the Drosophila  “ patched ”  gene was identifi ed as being the 
causative gene for NBCCS  [100, 101] . The  PTC  gene, which plays a role in the 
hedgehog signaling pathway  [102] , is also mutated in non - syndromic forms of 
basal cell carcinomas. Mutations are detected in 60 – 85%. There is no obvious 
genotype - phenotype correlation  [103] . About 5% of children with NBCCS develop 
medulloblastoma (now often called  primitive neuroectodermal tumor ,  PNET ). 
Peak incidence is 2 years of age  [104] . This tumor tends to be of desmoplastic 
histology  [105]  and to have a favorable prognosis. In children with medulloblas-
toma, NBCCS should be excluded. Awareness of the risk of medulloblastoma in 
the fi rst years of life is important, and may justify developmental assessment and 
physical examination every six months. Patients with NBCCS are abnormally 
sensitive to radiotherapeutic doses of ionizing radiation, and several patients 
treated this way have developed an unusually large number of basal cell tumors 
in the irradiated area a short time after exposure  [106] . Therefore, frequent neuro -
 imaging should be avoided because of risks associated with radiation. No other 
tumors occur at a frequency that warrants special surveillance.  



  4.3.2 
 Rubinstein - Taybi Syndrome ( RSTS ) 

  Rubinstein – Taybi syndrome  ( RSTS ) is an autosomal dominant condition charac-
terized by distinctive facial features, microcephaly, broad and often angulated 
thumbs and big toes, short stature, and moderate to severe mental retardation 
 [107] . The characteristic craniofacial features are highly arched eyebrows, down 
slanting palpebral fi ssures, broad nasal bridge, the columella extending below 
the nares, highly arched palate, and mild micrognathia. The presence of talon 
cusps at the permanent incisors can be of diagnostic help. Prenatal growth is 
often normal, but height, weight, and head circumference percentiles rapidly drop 
in the fi rst few months of life. Obesity may occur in childhood or adolescence. 
IQ scores range from 25 to 79. Average IQ is between 36 and 51. Other variable 
fi ndings are colobomata, cataracts, congenital heart defects, renal abnormalities, 
and cryptorchidism  [108] . Patients with a cytogenetic aberration in 16p13.3  [109 –
 111]  helped to identify the  CBP  - gene (CREB binding protein) as the major caus-
ative gene for RSTS  [112] . Microdeletions of the  CBP  gene are only found in 
about 10%, whereas a mutation is present in 30 – 50% of the patients with RSTS 
 [113, 114] . The fact that  CBP  has a homolog  EP300  located in 22q13.2 initiated 
a search in  EP300  for mutations in patients with RSTS. Until now, mutations 
have only been described in 3% of patients  [115] . Molecular confi rmation of the 
clinical diagnosis is only possible in about half of the patients suspected of having 
RSTS. 

 In 1995, Miller and Rubinstein  [116]  noted that patients with RSTS have an 
increased risk of tumor formation. Among more than 700 patients, 17 had malig-
nant tumors and 19 had benign tumors. Twelve of these tumors were located in 
the nervous system, including oligodendroglioma, medulloblastoma, neuroblas-
toma, and meningioma. Other tumor types included rhabdomyosarcoma and 
leukemias, among others. The authors suggested that about 5% of patients with 
RSTS develop neoplasms, which is similar to the frequency of malignancy in 
neurofi bromatosis type 1. Petrij  et al .  [112]  suggested that the risk of cancer, as 
well as the formation of keloids, may be explained by the role proposed for  CBP  
in cAMP - regulated cell immortalization. It is of note that  CBP  and  EP300  
participate in various tumor - suppressor pathways, and somatic mutations of 
these genes occur in a number of malignancies  [117, 118] . Therefore, regular 
clinical surveillance is recommended in order to early recognize developing 
malignancies.  

  4.3.3 
 Rothmund – Thomson Syndrome ( RTS ) 

  Rothmund – Thomson syndrome  ( RTS ) is an autosomal recessive condition char-
acterized by infantile poikiloderma, sparse hair, small stature, skeletal and dental 
abnormalities, cataracts, and hypogonadism. The skin is typically normal at 
birth. Poikiloderma starts in infancy, usually between age 3 to 6 months, as 
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erythema on the cheeks and face (acute phase), and spreads to involve the 
extensor surfaces of the extremities. The trunk and abdomen are usually spared, 
the buttocks may be involved. Gradually, the rash changes into a more chronic 
phase with hyper -  and hypopigmentation, telangiectasias, and areas of punctate 
atrophy. These changes, described as poikiloderma, persist throughout life 
 [119 – 121] . 

 Skeletal abnormalities include dysplasias, absent or malformed bones (such 
as absent radii), osteopenia, and delayed bone formation. Kitao  et al .  [122]  
identifi ed mutations in the helicase gene  RECQL4  located in 8q24.3. In RTS, 
an increased frequency of malignancies, especially osteosarcomas, has been 
reported. The overall prevalence of cancers in adults with RTS syndrome is 
unknown. Osteosarcoma is the most commonly reported malignancy  [123, 124] . 
In addition, an increased risk for skin cancers such as basal cell carcinoma 
and squamous cell carcinoma is known  [125, 126] . It is important to note that 
secondary malignancies (Hodgkin -  and non - Hodgkin lymphomata) have been 
observed  [121] . On the other hand, it has been recommended that in patients 
with osteosarcoma and skin changes, RTS should be excluded  [127] . Skeletal 
radiographs of the long bones by age 5 years should be obligatory for all 
patients with RTS  [121] .   
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5

  This chapter provides a comprehensive summary on hereditary brain tumor syn-
dromes which are: Cowden syndrome/Lhermitte – Duclos syndrome, Li - Fraumen 
syndrome,  Naevoid basal cell carcinoma syndrome  ( NBCCS )/Gorlin syndrome, 
Neurofi bromatosis I, Neurofi bromatosis II, Rhabdoid tumor predisposition syn-
drome, Tuberous sclerosis, Turcot syndrome, and Von Hippel – Lindau syndrome. 
They involve tumor suppressor genes and are inherited as  autosomal dominant  
( AD ) traits. Since most of the syndromes associated with brain tumors are also 
cancer family syndromes, the description is focused on the  central nervous system  
( CNS ) manifestations, and the reader is advised to also consider the Chapters  3  
and  6  on family cancer syndromes and neurofi bromatosis of this book.      

  5.1 
 Introduction and General Concepts 

 Generally brain tumors evoke an eccentric fi eld of knowledge, dealing with dreadful 
disease entities which should best stay ignored. For the specialists involved in 
research or care of patients with  central nervous system  ( CNS ) tumors, it is a rapidly 
evolving, fascinating task on a striking multitude of different tumor entities, whose 
diagnosis and treatment encompasses a multitude of topics that involve many fi elds 
of basic science and clinical medicine. To mention only a few, working on brain 
tumors may consist of studying the embryonic development of the CNS, stem cell 
proliferation, tissue differentiation, angiogenesis, development of molecular and 
functional imaging tools, high end radiation therapies, diagnosis and management 
of CNS defi cits, drug development, or psychosocial and palliative care. 

 Malignant brain tumors account for 1% of all cancers diagnosed in the devel-
oped countries, but still cause 2% of cancer deaths. In children, brain tumors are 
the most common or second common tumor diseases, mostly pilocytic or diffuse 
astrocytomas, medulloblastomas, and ependymomas, and constitute the fi rst 
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cause of cancer deaths  [1 – 6] . In adults, the most common brain tumors are astro-
cytomas, meningiomas, neurinomas, and ependymomas. There are more than 
20   000 newly diagnosed patients with glioblastoma multiforme, the most common 
and most malignant brain tumor in adults, each year in the EU, 300 in Austria 
and 10   000 per year in the US  [7 – 11] . 

 Meningiomas, with an incidence of 6/100   000 inhabitants per year, are the most 
common benign tumors of the brain, probably the most common benign tumors 
causing symptoms, and requiring treatment. For almost all entities, there are no 
known risk factors, except previous skull irradiation, and heredity within a familial 
cancer syndrome with brain tumors. The proportion of hereditary brain tumors is 
unknown; in childhood brain tumors, it was an estimated 2%  [12 – 14] . This is also 
the proportion estimated for adults by Hemminki and Li based at the Swedish 
Family - Cancer Database, covering all persons born in Sweden since 1932 and orga-
nized into families. They found that the  standardized incidence ratios  ( SIR ) for 
familial risk were increased for meningioma, astrocytomas, and hemangioblasto-
mas. For children of affected parents, the SIR was 3.06 for meningiomas, 2.19 for 
astrocytoma, and 165 for hemangioblastomas, whereas the SIR was 4.41, 3.20, and 
61 for the same tumors within siblings. Similar fi ndings were presented for Utah 
 [15, 16] . Hemmiki and Li suggest that many brain tumors, most probably those 
occurring in families with several histological entities, might represent yet unknown 
heritable conditions. Moreover, due to the improvement of diagnostic procedures 
in the last few years, there might be a considerable number of unreported cases of 
brain tumors, resulting in a signifi cant loss of potential familial cases. The symp-
toms of CNS tumors are highly variable, according to tumor location. As soon as 
the tumor size increases over an individual tolerance level, symptoms of increased 
cranial or spinal pressure develop, consisting in headache, nausea, and vomiting, 
with a maximum in the morning hours and seizures. Diagnosis is established with 
magnetic resonance imaging with contrast enhancement, and needs to be con-
fi rmed by histology. The therapy of most tumor entities is now rapidly evolving in 
all the therapeutic modalities as the maximal feasible resection, radiation therapy, 
and chemotherapy. New therapeutic options using sophisticated radiation tech-
niques or an increasing number of biologicals, are currently emerging.  

  5.2 
 Cowden Syndrome 

 Cowden syndrome is a multiple hamartoma syndrome  [17]  and probably the adult 
onset form of germline PTEN mutations. If it occurs with adult onset with dysplas-
tic gangliocytoma of the cerebellum, it is called Lhermitte – Duclos disease  [18 – 21] . 

 The childhood onset form with macrocephaly, lipomas, pigmented maculae 
on the glans penis, developmental delay, and juvenile polyposis coli is called 
Bannayan – Riley – Ruvalcaba syndrome  [22 – 29] . 

  Incidence:  1   :   250   000 

  Involved gene:  Germline mutation in PTEN 



  Chromosomal location:  10q23. Overexpression results in phosphatase  –  depen-
dent cell cycle arrest at G1, or in apoptosis. Germline mutations involving exons 
1 – 9 and the gene promoter have been found in 85% of all examined persons 
affected with Cowden syndrome. 

  Inheritance:   Autosomal dominant  ( AD ) 

  Defi nition:  Multiple hamartomas involving tissues derived from all three germ 
cell layers. Most characteristic and pathognomonic for Cowden syndrome is the 
trichilemmoma. 

  Nervous system neoplasm:  It is still unclear whether the cerebral manifestation 
of Cowden syndrome, the dysplastic gangliocytoma of the cerebellum (WHO grade 
I), is hamartomatous or neoplastic (Figure  5.1 A – C shows Histological aspects of 
Lhremitte – Duclos disease.   
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    Figure 5.1     Lhermitte – Duclos disease: (A) Internal granular 
layer visualized by NeuN immunocytochemistry (brown 
ribbon). The transition into the tissue area with dysplastic 
gangliocytoma is associated with a dissolution of regular 
internal granular layer ( × 4). (B) A higher power view shows 
loose aggregates of dysplastic ganglion cells (HE  × 40). (C) 
The dysplastic ganglion cells show strong immunoreactivity 
with anti - MAP2.  
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 The diffuse enlargement of the molecular and internal granular layers of the 
cerebellum with preservation of the cerebellar architecture is mostly diagnosed in 
adults who develop gait disturbances, dysmetria, and other cerebellar signs. The 
diagnosis is made by MRI. In 20% of cases, megalencephaly, heterotopic grey 
matter, hydrocephalus, mental retardation, seizures, and, very rarely, meningio-
mas and glioblastomas might also develop. As the CNS manifestations might 
precede other signs of Cowden disease, regular screening of Lhermitte – Duclos 
patients for the development of systemic cancers is recommended.  

  5.3 
 Li – Fraumeni Syndrome 

 Sarcoma family syndrome of Li and Fraumeni (cancer family syndrome). 

  Incidence:   < 1   :   10 million. 315 families reported from 1990 to 2005 in the 
IAR.C. Database ( http://www.p53.iarc.fr ) including 93 individuals with brain 
tumors (12.5%). 

  Involved gene:  p53, germline mutation, mostly involving exons 5 – 8 with major 
hotspots in codons 175, 245, 248, and 273 (same hotspots as in sporadic brain 
tumors), resulting in missense mutations and complete loss of function of the 
p53 protein. 

  Chromosomal location:  17p13 

  Inheritance:  AD 

  Nervous system neoplasm:  Astrocytomas of any WHO grade (60% of brain tumors 
found in Li - Fraumeni patients), medulloblastomas, PNETS, all histopathologically 
indistinguishable from sporadic counterparts. 

 Several families showed a clustering of brain tumors. Analysis of the TP53 
database showed that the occurrence of brain tumors was associated with missense 
mutations located in the DNA binding site of the p53 protein, essential for the 
contact with the minor groove of the DNA  [30] . 

 CHEK2 is a gene coding for a protein involved in the G2 checkpoint control pre-
venting cells with damaged DNA from entering mitosis. Despite anecdotal fi nd-
ings of CHEK2 mutations in several families with Li – Fraumeni syndrome or 
Li – Fraumeni - like syndrome (see Chapter  3  on family cancer syndromes), this 
mutation is not considered causative for other tumors occurring in the involved 
families, with the exception of breast cancers  [31 – 35] .  

  5.4 
 Naevoid Basal Cell Carcinoma Syndrome ( NBCCS ) 

 Gorlin syndrome, Gorlin – Gotz syndrome, fi fth phacomatosis (cancer family 
syndrome). 



  Incidence:  1   :   57   000 

  Involved gene:  PTCH gene; human homolog of a Drosophila segment polarity 
gene, which codes for a transmembrane protein that is expressed on many pro-
genitor cells. The PTCH protein is a receptor for hedgehog proteins. Binding of 
hedgehog protein to PTCH releases the activity of another transmembrane protein, 
Smoothed, which ultimately is involved in the control of cell survival, differentia-
tion, and proliferation. At least 130 mutations of PTCH have been reported associ-
ated with NBCCS  [36 – 39] . 

  Chromosomal location:  9q22.3 

  Inheritance:  AD 

  Nervous system neoplasm:  10% of NBCCS patients develop early childhood 
medulloblastoma, mostly the desmoplastic variant, as early as before the age of 
2 years. They have a better prognosis than sporadic medulloblastomas. 

 The occurrence of desmoplastic medulloblastoma before age 2 has been pro-
posed as a major diagnostic criterion for NBCCS. As radiation induces multiple 
cutaneous basal cell carcinomas, it has been proposed to modify the treatment 
protocol for patients with medulloblastoma and Gorlin syndrome accordingly. The 
identifi cation of NBCCS patients is suggested by the multiple developmental 
abnormalities in the affected patients, and might not consistently be confi rmed 
by the identifi cation of germline mutations within the PTCH gene.  

  5.5 
 Neurofi bromatosis I 

 Neurofi bromatosis Recklinghausen (Recklinghausen 1882), peripheral neurofi -
bromatosis (see also Chapter  6  on neurofi bromatosis). 

  Nervous system affection:  It is characterized by cognitive disability with low 
average IQ (potentially related to the action of neurofi bromin on microtubules), 
visual spatial orientation problems, and speech disorders (prevalence 30 – 60%). 
Seizures (prevalence 6%), hydrocephalus (prevalence 1 – 5%), primary progressive 
multiple sclerosis, and vascular malformations occur with higher prevalence in 
NF1 patients than in normal individuals. Gliomas occur in all parts of the brain, 
with a predilection for the ocular pathway, brainstem, and cerebellum (prevalence 
2 – 3%). Optic pathway gliomas are most common in young children, as well as 
Lisch nodules (melanocytic dome shaped hamartomas, e.g. neurofi bromas) of the 
iris  [40]  ( prevalence 95%). 

  Cutaneous and subcutaneous neurofi bromas , benign tumors arising from the 
Schwann cells of peripheral nerves, composed of Schwann cells, fi broblasts, peri-
neural cells, mast cells, and embedded axons are the hallmark of NF1. The major-
ity of neurofi bromas express progesterone receptors, and their increase during 
pregnancy has been noted  [41 – 43] . They may cause pain, itching, and neurological 
defi cits, as well as severe disfi gurement. The number and size of neurofi bromas 
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is highly variable among individuals, and might be associated with modifying 
genes. 

  Plexiform neurofi bromas  are found particularly subcutaneously in nearly 25% of 
patients, and by imaging techniques in about 50%. They consist of neurofi broma 
networks growing along nerves, involving multiple nerve branches and plexus. 

 Another complication is the malignant transformation into malignant periph-
eral nerve sheath tumors, a soft tissue sarcoma with poor prognosis, with a life -
 time risk of 7 – 13% of affected patients  [44] . 

  Prognosis:  The severity of the disease and the phenotype of an individual cannot 
be predicted so far.  

  5.6 
 Neurofi bromatosis Type 2 

 Central neurofi bromatosis (see also Chapter  6  on neurofi bromatosis). 

  Incidence:  1   :   25   000 

  Involved gene:  The NF2 gene spans 110   kb and contains 17 exons. It codes for 
merlin, a cytoskeleton - associated protein, with strong similarity to talin, moesin, 
ezrin, and radixin, which link actin to the cell membrane. NF2 functions as a 
tumor suppressor gene, and the germline mutations seen in NF2 patients are 
mostly point mutations with a potential hot spot in codon 57 of exon 2  [45 – 49] . 

  Chromosomal location:  22q12 

  Inheritance:  AD 

  Defi nition:  The clinical diagnostic criteria for NF2 include either bilateral 
vestibular schwannoma, or a fi rst - degree relative with NF2 and a vestibular 
schwannoma before the age of 30 years, or any two of the following: meningioma, 
schwannoma, glioma, and posterior subcapsular lens atrophy. The clinical course 
varies greatly within families and within the members of a given family. Figure 
 5.2 A – C and Figure  5.3 A and B illustrate Neurofi broamtosis II manifestations 
visualized in MRI and histology.   

  Nervous system neoplasms:  
   •      Schwannomas, particularly vestibular schwannomas, are the diagnostic hallmark 

of the disease. In NF2 patients, they occur earlier than sporadic vestibular 
schwannomas. Other cranial nerves such as V and IX may also develop 
schwannomas, as well as the dorsal spinal roots. The schwannomas in NF2 
patients are different from schwannomas in patients with sporadic disease, as 
they might entrap fi bers of the eighth and seventh cranial nerve, thus showing 
a sort of  “ infi ltrative ”  growth, and being less easily separable from the vestibular, 
acoustic, and facial nerve, either by surgery or by designing a radiation fi eld, 
than sporadic schwannomas  [50] . Besides the multiplicity of tumors and the 



    Figure 5.2     Sagittal T1 - weighted, STIR, and T1 - weighted 
contrast - enhanced images of intramedullary ependymoma 
in the cervical spinal cord (arrow), as well as intraspinal 
schwannoma at the lumbar level with scalloping of the 
adjacent vertebral bodies (arrow). After contrast media 
application, there is strong enhancement of both lesions.  

    Figure 5.3     Coronal (A) and (B) Axial T1 - SPIR contrast 
enhanced image of bilateral radicular schwannomas, and 
subcutaneous plexiform neurofi broma (arrows) with strong 
enhancement.  
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young age of affected patients, this particular feature of NF2 - related schwannomas 
provides an additional explanation for the inferiority of treatment results as 
compared to patients with sporadic schwannomas. There are several series of 
patients with NF2 - related vestibular schwannomas treated with Gamma Knife, 
showing that radiosurgery provides an acceptable treatment strategy for NF2 
patients, allowing hearing preservation in a considerable number (36 – 43%), and 
the number of neuropathies observed (9%) compare favorably to the neuropathies 
observed after microsurgery, as stated by the team from Marseille  [51 – 60] .  

   •      Meningiomas: half of the NF2 patients present with meningiomas, often 
multiple and recurrent. Although most meningiomas remain WHO I tumors, 
they have a higher mitotic index, and often show a more aggressive clinical 
behavior.  

   •      Gliomas: most gliomas associated with NF2 are spinal intramedullary cauda 
equinae tumors, spinal ependymomas, or medullar gliomas.  

   •      Rare nervous system lesions associated with NF2 consist of Schwannomatosis, 
a non - tumorous Schwann cell proliferation found in the dorsal roots of the 
spinal cord, meningiomatosis, plaque - like proliferations of meningiothelial 
cells, glial hamartomas, cerebral calcifi cations of the cortex, periventricular 
areas, plexus choroidei, and peripheral neuropathies.    

  Extraneural manifestations:  Posterior lens opacity  

  5.7 
 Rhabdoid Tumour Predisposition Syndrome 

 Familial posterior fossa brain tumour syndrome of the infancy. 

  Incidence:  rare,  ≈ 3% of childhood brain tumors,  ≈ 1/3 of patients with malignant 
rhabdoid tumors 

  Involved gene:  INI1 

  Chromosomal location:  22q11.2 

  Inheritance:  AD 

  Nervous system neoplasm:   Atypical teratoid/rhabdoid tumors  ( AT/RT ) are rapidly 
growing  “ blue tumors ”  in early childhood, rarely after the age of 6 years that bear 
a dismal prognosis  [61 – 66] . There is a male preponderance of 1.3   :   1. The tumors 
can cause a wide variety of symptoms. Due to the rapid development of a mass 
lesion, children present with lethargy, headache, vomiting, failure to thrive, and 
cranial nerve palsy. In MRI, the tumors often show heterogeneous signal intensity, 
due to the presence of cysts and necrotic areas. AT/RTs are merely supratentorial 
and composed of histologically very diverse, primitive neuroepithelial, epithelial, 
and mesenchymal components with heterogeneously appearing cells, often with 
eccentrically placed nuclei and abundant cytoplasmatic inclusions, reminiscent of 



rhabdoid cells. Loss of the nuclear staining of INI1, which is present in normal 
cells and endothelia, is a characteristic and sensitive diagnostic tool for AT/
RTs  [67] . Figure  5.4 A and B illustrates histological features of RT/AT.   

 The germline status of all newly diagnosed patients with AT/RTs should be 
investigated for familial counseling. 

  Extraneural tumors:  Similar, highly malignant rhabdoid tumors have been reported 
in the kidneys, (often bilateral), heart, soft tissue, head and neck, and liver.  

  5.8 
 Tuberous Sclerosis ( TSC ) 

 Pringle Bourneville disease (cancer family syndrome). 

  Incidence:  1   :   6000, previously probably under diagnosed. 

  Involved genes:  Two genes are involved. In normal cells, the gene products of 
TSC1 and TSC2 heterodimerize inhibit the mTOR pathway. The TSC1 gene con-
tains 23 exons and spans 45 kb. The gene product, hamartin, is a protein located 
in cytoplasmatic vesicles, and strongly expressed in brain, kidneys, and heart. The 
second gene, TSC2, codes for tuberin and contains 40 exons. 

  Chromosomal location:  TSC1 9q34, TSC2 16p13.3 

  Inheritance:  AD 

  Nervous system neoplasm:   Subependymal giant cell astrocytoma  ( SEGA ) is a 
benign, WHO grade I slowly growing neoplasm, mostly situated in the wall of the 
lateral ventricles, diagnosed within the fi rst two decades of life, which occurs in 
6 – 14% of all patients with TSC. It constitutes one of the major diagnostic criteria 

    Figure 5.4     Atypical teratoid rhabdoid tumor (AT/RT): 
(A) Prominent primitive neuroectodermal tumor component 
(HE). (B) Loss of INI1 protein in tumor cells with retained 
expression in intratumoural blood vessels (arrow).  
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    Figure 5.5     Tuberous sclerosis: (A) Coronal T2 - weighted 
image of a calcifi ed giant cell astrocytoma at the left foramen 
Monroe (arrow). (B) Coronal T1 - weighted contrast enhanced 
image of a calcifi ed giant cell astrocytoma at the left foramen 
Monroe with peripheral enhancement (arrow).  

of TSC. Its prognosis is usually benign. Figure  5.5 A and B shows a SEGA seen in 
MRI, Figure  5.6 A and B histological aspects of SEGA.   

 The characteristic cortex lesions in the CNS are called tubers, constituted by 
developmental anomalies of the cortex with dysmorphic neurons, giant cells, and 
large astrocytes. Epilepsy occurs in 70 – 80% of patients with TSC  [68] . There is a 
variety of other CNS lesions such as subcortical glioneural hamartomas, subepen-
dymal glial nodules, and subependymal giant cell astrocytomas. Figure  5.7 A – C 
show tubera visualized by MRI, Figure  5.6 C shows histological aspect of tubera,   

 Clinical manifestations have been divided into major and minor features, and 
in dubious cases genetic testing can be helpful.  

  5.9 
 Turcot Syndrome 

 Cancer family syndrome. 

  Incidence:  very rare, 170 cases reported so far 

  Involved genes:  Turcot syndrome 1: Mismatch repair associated genes. Turcot 
syndrome 2: familial polyposis coli gene. 



  Chromosomal location:  Turcot syndrome 1: Glioma polyposis syndrome seen 
in patients with a functional loss of one of the numerous DNA mismatch repair 
genes, namely MLH1 at 3p21.3, MSH2 at 2p16, MSH6/GTBP at 2p16, and PMS2 
at 7p22. The latter is the most frequently reported genetic event in Turcot 
syndrome 1. 

 Turcot syndrome 2, the medulloblastoma polyposis syndrome, is related to the 
APC gene on 5q21. 

  Inheritance:  AD 

  Defi nition:  Subgroups of patients with hereditary colon cancer syndromes affected 
by CNS neoplasms. 

  Nervous system neoplasm:  Association of glioblastomas with HNPCC (hereditary 
non - polyposis colorectal carcinoma, see Chapter  17  on Lynch syndrome (HNPCC)), 
usually before the age of 30 years. This is more than a decade earlier than sporadic 
glioblastomas. Thirty - eight percent of the patients with Turcot syndrome 1 show 
caf é  - au - lait spots. 

 Turcot syndrome 2 combines medulloblastoma at a relatively late age of 10 years, 
with the familial adenomatous polyposis syndrome, with numerous small colon 
polyps and colon cancer in 20%. There are less skin lesions than in Turcot 
syndrome 1. 
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    Figure 5.6     Tuberous sclerosis: histological 
features. (A, B) Histologicalal features of 
subependymal giant cell astrocytoma. 
Pleomorphic eosinophilic tumor cells  × 40 
(A), Elongated eosinophilic tumor cells  × 40 
(B). (C) Histology of cortical tuber. 
Numerous dysplastic cells with abundant 
eosinophilic cytoplasm (balloon cells), 
gliosis, and multiple calcifi cations (spherical 
dark - blue material) are visible  × 40.  
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  Extraneural tumors:  colorectal polyps and cancer.  

  5.10 
  von  Hippel – Lindau Syndrome 

 Haemangioblastoma (cancer family syndrome). 

  Incidence:  1   :   40   000 

  Involved gene:  The  von Hippel – Lindau  ( VHL ) gene, a tumor suppressor gene, 
composed of 3 exons and a coding sequence of 639 nucleotides. The alpha domain 
of the VHL protein forms a complex with different other proteins and provides 

    Figure 5.7     Tuberous sclerosis: tubera visualized by MRI 
magnet resonance tomography. (A) Axial fl air image of 
subcortical hyperintense tubera (arrows). (B) Coronal T2 -
 weighted image of hyperintense tubera (arrows). (C) Coronal 
T1 - weighted contrast enhanced image of hypointense tubera 
without contrast media uptake (arrow).  
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ubiquitin - ligase activity, a step needed before proteasome - mediated degradation 
of cellular proteins  [69 – 76] . The  β  domain of the VHL protein interacts with 
hypoxia - inducible factor alpha, which induces VEGF expression, and is related to 
the signifi cantly increased microvascular density in VHL - associated neoplasms. 
Germline mutations are mostly missense mutations, but other forms of gene 
inactivation also occur. 

  Chromosomal location:  3p25 – 26 

  Inheritance:  AD, VHL mutations can be identifi ed in most cases. 

  Nervous system neoplasm:  The characteristic VHL - associated haemangioblasto-
mas are composed of neoplastic vascular and stromal cells in variable composition. 
In contrast to sporadic haemangioblastomas, they are often multiple and not 
exclusively located in the cerebellum, but also in the brain stem, spinal cord, or 
nerve roots. 

 They mostly occur in young adults with a mean age of less than 30 years. 
Multiple haemangioblastomas are a diagnostic hallmark of VHL syndrome. In 
haemangioblastomas, extramedullary haematopoiesis has been observed. 
There are four different subtypes of haemangioblastomas. The most frequent 
form is a macrocystic tumor, fi lled with a xanthochromatic fl uid, and presenting 
as a dense red - colored parietal nodule. In the second category, the nodule is too 
small to be seen without a microscope. More rarely and mostly in spinal locations, 
the haemangioblastoma consists of a solid tumor, sometimes with internal 
cysts.  
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6

  The fi rst scientifi c monograph on  neurofi bromatosis type 1  ( NF1 ) was published 
1882 by Friedrich Daniel von Recklinghausen, who coined the term  “ neurofi -
broma ”  for the benign peripheral nerve sheath tumors that are typical for NF1. 
The leading feature of  neurofi bromatosis type 2  ( NF2 ) are schwannomas of the 
vestibular nerve. The diagnostic criteria for NF1 and NF2 were formulated in 1987 
by the  National Institutes of Health  ( NIH ) Consensus Development Conference 
Statement, and are still valid and widely used. Both disorders are caused by inac-
tivating mutations in the respective genes and have an autosomal dominant 
pattern of inheritance. Recently, a third form of neurofi bromatosis termed 
schwannomatosis has been described which is also, albeit rarely, inherited in an 
autosomal dominant fashion. Germline mutations in the tumor suppressor  INI1/
SMARCB1  may be responsible for some cases of familial schwannomatosis. In 
this chapter we summarize the current knowledge about clinical and genetic 
diagnosis, the molecular patho - mechanisms, and the clinical, in particular tumor 
manifestations of the three conditions.      

  6.1 
 Clinical Diagnosis 

  6.1.1 
 Neurofi bromatosis Type 1 

 The incidence of NF1 [OMIM # 162200] is 1 in 2500 – 3000 worldwide. In 
adults and most children above the age of 8 years  [1] , the clinical diagnosis is 
straightforward using the criteria as defi ned by the NIH Consensus Development 
Conference Statement  [2]  (see Tables  6.1  and  6.2 ). The cardinal symptoms of NF1 
are  caf é  - au - lait spots  ( CLS ), axillary or inguinal freckling, neurofi bromas, and 
Lisch nodules in the iris. The vast majority (95%) of small children with six and 
more CLS will develop NF1  [3] . Cranial T2 - weighted  magnetic resonance imaging  

Summary
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( MRI ) scans show hyper - intense lesions named  unidentifi ed bright objects  ( UBOs ) 
in up to 86% of NF1 children  [4] . Cutaneous and subcutaneous neurofi bromas 
present in over 95% of adult NF1 patients, usually starting to appear from puberty 
onwards.   

 Recently, a specifi c  NF1  mutation (c.2970 – 2972 delAAT) has been shown to be 
associated with a mild phenotype, and absence of cutaneous neurofi bromas  [5] . 
Furthermore, patients with a specifi c expression of NF1 such as familial  spinal 
neurofi bromatosis  ( SNF ) have neurofi bromas of multiple spinal nerve roots, 
which may be asymptomatic or cause neurological defi cits, but they often lack 
cutaneous neurofi bromas. Watson syndrome patients are another NF1 sub - type 
who present with pulmonary stenosis, cognitive impairment, and CLS, but only a 
few, if any, cutaneous neurofi bromas. Mosaic or segmental NF1 patients, who 
commonly present with mild symptoms lacking cutaneous neurofi bromas or CLS, 
or restriction of these features to only some body segments  [6, 7] , carry a somatic 
(postzygotic)  NF1  mutation that affects only a proportion of the body cells. If the 
manifestation of NF1 is restricted to mild cutaneous involvement, the clinical 
diagnosis may be diffi cult. 

 Furthermore, NF1 - associated symptoms show an overlap with other conditions 
that warrant differential diagnosis. Some NF1 patients have facial and other char-
acteristics reminiscent of Noonan syndrome. While Noonan patients carry muta-
tions in the genes  PTPN11  (SHP2),  SOS1, KRAS , or  RAF1 , patients with a 
 Neurofi bromatosis - Noonan  ( NF - Noonan ) phenotype harbor  NF1  mutations  [8] . 
Recently, a novel NF1 - like syndrome caused by mutations in the  SPRED1  gene 
has been characterized  [9] . The main clinical features of this disorder largely 
overlap with NF1, and include multiple CLS, axillary freckling, and macroceph-
aly. However, cutaneous neurofi bromas, central nervous system tumors, and 
Lisch nodules have not been observed in patients with  SPRED1  mutations. In 

 Table 6.1     Features and complications of  NF 1. 

  Feature    Frequency  

  Caf é  - au - lait spots     > 95%  
  Freckling    90%  
  Dermal neurofi broma     > 95%  
  Lisch nodules (iris harmatomas)    95% (in adults)  
  Specifi c learning diffi culties    30 – 65%  
  Macrocephaly    29 – 45%  
  Plexiform neurofi bromas     ∼ 30%  
  Scoliosis    10%  
  Pseudarthrosis    rare  
  Optic pathway glioma    5 – 15% (symptomatic - asymptomatic)  
  Malignant peripheral nerve sheath tumor    8 – 13%  
  Juvenile myelo - monocytic leukemia    rare  
  Pheochromozytoma    rare  
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 Table 6.2     The criteria for clinical diagnosis  NF 1,  NF 2, and schwannomatosis. 

  NF1 according the NIH consensus statement  [2]   

  Individuals should have two of the following:  
   •   ≥    6 Caf é  - au - lait spots (diameter  > 0.5   cm before puberty and  > 1.5   cm after puberty)  
   •   ≥    2 neurofi bromas of any type or one plexiform neurofi broma  
   •  Axillary or inguinal freckling  
   •  Optic pathway glioma  
   •   ≥     2 Lisch nodules (iris harmatoma)  
   •  Specifi c bone lesions including pseudarthrosis of the tibia  
   •  First - degree relative with NF1 (parent, child)  

  NF2 revised diagnostic criteria according to  [12]   
  Individuals should have one of the following:  
   •  Bilateral vestibular schwannomas  
   •  First - degree relative with NF2 plus unilateral vestibular schwannoma or two of 

meningioma, schwannoma, glioma, neurofi broma, posterior subcapsular lens opacity  
   •  Unilateral vestibular schwannoma plus two of the following: meningioma, schwannoma, 

glioma, neurofi broma , posterior subcapsular lens opacities  
   •  Multiple meningiomas plus unilateral vestibular schwannomas or two of the following: 

schwannomas, glioma, neurofi broma, posterior subcapsular lens opacity  

  Schwannomatosis revised diagnostic criteria as given in  [15]   

  Individuals should not fulfi l the diagnostic criteria for NF2 or have any of the following:  
   •  A vestibular schwannoma on MRI  
   •  Constitutional NF2 mutation  
   •  First - degree relative with NF2  

  Defi nite diagnosis schwannomatosis:  
   •  Age    >    30 years, and two or more non - intradermal schwannomas (at least one with 

histological confi rmation)  
   •  One schwannoma confi rmed by histology and a fi rst - degree relative who meets the above 

criteria  

  Possible schwannomatosis:  
   •  Age    >    30 years and two or more non - intradermal schwannomas (at least one with 

histological confi rmation)  
   •  Age    >    45 years and no symptoms of eighth nerve dysfunction, and two or more non -

 intradermal schwannomas (at least one with histological confi rmation)   a     
   •  Radiographic evidence of a schwannomas and a fi rst - degree relative who meets the criteria 

for defi nite schwannomatosis  

  Segmental schwannomatosis:  
   •  Meets criteria for defi nite or possible schwannomatosis but limited to one limb or fi ve or 

fewer contiguous segments of the spine  

    a 
 NF2 is unlikely in an individual who is  > 45 years and does not have eighth cranial nerve 

symptoms.   
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young patients presenting with signs of NF1 and haematological malignancies 
and/or malignant brain tumors, usually not belonging to the spectrum of NF1 -
 associated tumors, a cancer predisposition syndrome that is caused by biallelic 
 mutations in one of the mismatch repair  ( MMR ) genes or the  BRCA2  gene, has 
to be considered (for review see  [10]) . Since these childhood cancer syndromes 
are autosomal recessively inherited, siblings also presenting with CLS will have 
the same high risk for childhood cancers and parents who do not show NF1 
related features have an increased risk for HNPCC related malignancies or breast 
cancer during adult life, resulting from their heterozygous mutations in the 
respective genes. 

 Taken together, the clinical diagnosis of NF1 according the NIH criteria can 
readily be made in most patients above the age of 8 years. Diagnosis might be 
more diffi cult in younger patients without a family history. In patients with spe-
cifi c forms of NF1 (mosaic, segmental, spinal) or mild cutaneous NF1 features, 
molecular diagnosis (see Genetic Testing) may be of great help.  

  6.1.2 
 Neurofi bromatosis Type 2 

 NF2 [OMIM # 101000] has an estimated birth incidence of about 1 in 25   000 –
 33   000  [11] . The hallmark of NF2 is bilaterial  vestibular schwannomas  ( VS ). Since 
early recognition of NF2 is essential for optimal management, the originally strin-
gent NIH criteria for NF2 have been revised to allow the inclusion of young NF2 
patients lacking a family history of NF2 and bilateral VS  [12]  (see Table  6.2 ). Onset 
of the fi rst disease manifestations varies largely from pre - pubertal childhood to 
the third decade of life, and depends on the nature of the  NF2  mutation (see also 
Genetic Testing), and on whether the mutation occurred in the germline or post -
 zygotically (mosaic mutation). In children, the fi rst symptoms are usually cutane-
ous schwannomas, spinal tumors, meningiomas, posterior subcapsular lens 
opacities, or a mononeuropathy. Up to a third of the  ∼ 50%  de novo  NF2 cases are 
mosaic NF2 patients  [13]  who present with mild generalized disease including a 
later age of onset, or with clinical features localized to one area of the nervous 
system, most commonly unilateral VS and/or meningiomas  [7] . The possibility of 
mosaic NF2 in such cases is raised by the diagnosis of a multifocal tumor. Differ-
ential diagnosis with schwannomatosis should be considered in patients who 
develop multiple schwannomas in the absence of VS.  

  6.1.3 
 Schwannomatosis 

 Schwannomatosis [OMIM # 162091] is a recently recognized third form of neuro-
fi bromatosis that is clearly distinct from NF2  [14] . Most importantly, schwanno-
matosis patients have multiple schwannomas confi ned mainly to spinal and 
peripheral nerves, but lack VS (Table  6.2 ). Nevertheless, a certain overlap of symp-
toms is seen in young NF2 patients  [14] . Tumor presentation in schwannomatosis 



patients is characterized by pain rather than functional loss, which is more fre-
quently seen in NF2 patients.   

 The prevalence of schwannomatosis is currently unknown, but it may be as high 
as NF2  [14 – 16] . It is estimated that 2.4 – 5.0% of all patients requiring schwannoma 
resection are schwannomatosis patients of whom a third have anatomically local-
ized disease. Schwannomatosis is transmitted in an autosomal dominant fashion, 
but familial occurrence is inexplicably rare. The empirical risk of recurrence is 
less than 15%, but seems to increase up to 50% if the affected is already a familial 
case  [14] . Low penetrance, mosaicism, and/or etiologic heterogeneity may be 
responsible for this low risk to pass on the disease to the next generation.   

  6.2 
 The Disease - Causing Genes 

  6.2.1 
 The  NF 1 Gene and Its Gene Product Neurofi bromin 

 The  NF1  gene located at chromosome band 17q11.2 was cloned in 1990  [17, 18] . 
 NF1  is a classical tumor suppressor gene that leads to tumor formation by biallelic 
inactivation caused by germline and somatic mutations according to Knudson ’ s 
two - hit hypothesis  [19] . This has been confi rmed in mouse models  [20, 21]  and in 
tumors of NF1 patients. Somatic inactivation of the wildtype allele has been shown 
in  malignant peripheral nerve sheath tumors  ( MPNSTs )  [22] ,  juvenile myelomono-
cytic leukaemia  ( JMML )  [23] , astrocytomas  [24],  gastrointestinal stromal tumors 
 [25] , and pheochromocytomas  [26] . Benign peripheral nerve sheath tumors consist 
of different cell types including  Schwann cells  ( SCs ), fi broblasts, mast cells, and 
axons. The development of culture conditions to selectively grow SC from neuro-
fi bromas  in vivo   [27]  was instrumental in showing that only a proportion of SC in 
the neurofi bromas carried a second hit in the  NF1  gene and not other cell types 
 [28] . Transformation of a benign neurofi broma with biallelic  NF1  inactivation to 
a MPNST is accompanied by additional genetic and genomic alterations in genes 
such as p53, p16, or p27 - Kip  [29 – 31] . 

 Non - neoplastic NF1 features have long been thought to be the result of  NF1  
haplo - insuffi ciency. Recently, however, it has been shown that biallelic inactivation 
of  NF1  in melanocytes appears to be responsible for CLS formation  [32] , and loss 
of the wildtype allele has been observed also in pseudoarthrosis tissue of NF1 
patients  [33] . 

 The NF1 gene codes for neurofi bromin, a 280   kDa protein with a central domain 
showing similarities to the  GTPase activating protein  ( GAP ) family that functions 
as a negative regulator of Ras  [34, 35]  by catalyzing the transition of active GTP -
 bound Ras to inactive GDP - bound Ras. Ras plays an important role in cell survival, 
proliferation, and differentiation by transducing responses from growth factor 
receptors at the cell surface to several intracellular signaling molecules. The main 
Ras - dependent downstream pathway involved in NF1 is the  mitogen activated 
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protein kinase  ( MAPK ) pathway including the kinases Raf, MEK1/2, and ERK1/2, 
which eventually alter the transcriptional program and the  mammalian target of 
the rapamycin  ( mTOR ) pathway (Figure  6.1 ). Aberrant mTOR activation is  phos-
phatidylinositol - 3 - kinase  ( PI3K ) - dependent and mediated by the phosphorylation 
and inactivation of the TSC2 - encoded protein, tuberin, by AKT  [36] . Taken together, 
increased Ras - GTP levels subsequent to loss of functional neurofi bromin confer 
mitogen - induced cell proliferation by the Raf - MAPK - ERK and PI3K - Akt - mTOR 
axes. However, the Ras -  GAP related domain  ( GRD ) represents only a small pro-
portion of the large  NF1  gene, hence it is conceivable that neurofi bromin has also 
Ras - GAP - independent functions such as the regulation of intacellular cyclic AMP 
 [37] . Furthermore, neurofi bromin has been shown to associate with microtubules 
 [38, 39]  and with the actin - cytoskeleton upon phosphorylation by protein kinase C 
at phosphorylation sites contained in the cystein - rich domain  [40] .    

  6.2.2 
 The  NF 2 Gene and Its Gene Product Merlin 

 The  NF2  gene localized at 22q22.1 has been identifi ed in 1993  [41, 42] . Biallelic 
mutations of  NF2  are the causal mechanism underlying all NF2 associated 
tumors (schwannomas, meningiomas, and ependymomas) as well as sporadic 
schwannomas, 50 – 60% of sporadic meningiomas, and a small proportion 

    Figure 6.1     Neurofi bromin is a negative regulator of cellular Ras 
and its downstream pathways Raf - MAPK - ERK, and PI3K - Akt - mTor.  



of sporadic ependymomas (reviewed in  [43] ). The  NF2  gene codes for Merlin 
( M oesin –  E zrin –  R adixin -  l ike - prote in ) that shows homology to members of the 
 Ezrin – Radixin – Moesin  ( ERM ) family. Merlin interacts with components of adhe-
sion - growth - factor - receptor complexes or signaling adaptors involved in vesicle 
traffi cking, but none of these proteins has been shown to be necessary for Merlin -
 mediated tumor suppression. Therefore, it is assumed that the interaction part-
ners function to recruit Merlin to various sub - cellular locations  [44] . Merlin is 
involved in endocytic traffi cking of membrane receptors, which commits these 
receptors to degradation in lysosomes. Thus, loss of Merlin function causes hyper-
activation of pro - mitogenic signaling pathways. Furthermore, Merlin mediates 
contact inhibition in confl uent cells by suppressing integrin - mediated recruitment 
of Rac to the plasma membrane. Merlin defi ciency also leads to marked changes 
in the cell adhesion and in organization of the actin cytoskeleton most likely by 
Rac activation, thus promoting cell invasion. Taken together, Merlin seems to be 
involved in contact inhibition leading to neoplastic transformation, mitogenic 
signaling, and cell invasion, but the biochemical function of this protein is still 
elusive (reviewed in  [44]) .  

  6.2.3 
  INI 1: The Familial Schwannomatosis Gene? 

 Several reports have shown biallelic NF2 gene inactivation in schwannomas of 
schwannomatosis patients  [45, 46] . However, in a schwannomatosis patient, 
each schwannoma contains a completely different somatically acquired  NF2  
mutation, usually in combination with loss of heterozygosity of the other  NF2  
allele. This contrasts with NF2, where the same germline  NF2  mutation is 
found in every schwannoma in combination with a tumor specifi c somatic 
mutation in the other  NF2  allele. Moreover, linkage studies clearly excluded 
 NF2  from the candidate gene region mapped centromeric to the  NF2  locus 
on chromosome 22. This region harbors the  INI1  tumor suppressor gene. 
Recently, a father and his daughter, both affected with schwannomatosis, were 
shown to carry a truncating germline  INI1  mutation  [47] . Taken together, the 
observation that a proportion of SCs of all tumors from these two patients 
showed loss of INI1 protein expression, and that silencing of the wildtype  INI1  
allele was identifi ed in 2/4 of their tumors, these fi ndings indicate that  INI1  
is the familial schwannomatosis gene in some families. However, further studies 
are needed to study the proportion of schwannomatosis patients and families 
with  INI1  germline mutations.   

  6.3 
 Genetic Testing 

 Adult NF1 patients usually fulfi l the criteria for clinical diagnosis (Table  6.2 ). 
However, effi cient and reliable genetic testing is very important for patients not 
fulfi lling the NIH criteria, in particular young children with no family history of 
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NF1, patients with specifi c forms of NF1 (spinal NF, Noonan - NF), and patients 
in whom differential diagnosis is warranted. In particular, it is important to dis-
tinguish mild NF1 from the recently identifi ed NF1 - like syndrome caused by 
 SPRED 1  mutations  [9] , as well as to determine the genetic status of family 
members and to carry out prenatal or pre - implantation genetic diagnosis if desired. 
Mutation detection in the  NF1  gene is still a major task, due to: (i) the complex 
organization of this 57 - exons gene; (ii) large parts of the 280 - kb gene region are 
duplicated as pseudogenes in other regions of the genome; and (iii) the diverse 
spectrum of mutations ranging from large deletions, affecting the entire  NF1  locus 
and fl anking genes ( NF1  micro - deletions)  [48, 49] , to minor - lesion mutations with 
a large number of unusual splicing mutations  [50 – 52] . No single technique will 
identify all pathogenic lesions but comprehensive mutation analysis, applying a 
set of complementary techniques with a core assay that is based on the analysis 
of mRNA - transcripts of the  NF1  gene rather than genomic DNA, has shown to 
reach the highest mutation rates, identifying a clearly pathogenic lesion in 95% of 
non - founder NF1 patients fulfi lling the criteria  [51, 52] . 

 In general, there is little genotype - phenotype correlation, and the clinical pre-
sentation can vary widely, even among members of a family carrying the same 
 NF1  mutation. So far the only exceptions are patients carrying a 3 - bp deletion with 
a mild phenotype (see Clinical Diagnosis  [5] ), and the 5% NF1 patients with a 
micro - deletion who usually show a severe phenotype characterized by an early 
onset of neurofi bromas, mild mental retardation, facial dysmorphism, childhood 
overgrowth  [53] , and an increased life - time risk of MPNSTs compared with the 
general NF1 population  [54] . Of note, there are two major types of  NF1  micro -
 deletions, and patients carrying type - 2 deletions, which are less frequent and 
slightly smaller than type - 1 deletions, are mosaic cases in the fi rst generation, 
while type - 1 deletions are constitutional  [55] . Owing to the mosaicism, type - 2 dele-
tion, patients frequently exhibit milder clinical manifestations  [56],  which have 
counseling implications, since the transmission of the type - 2 deletion will lead to 
the severe  NF1  micro - deletion phenotype in the offspring who will carry the dele-
tion constitutional. Conversely, the presence of a germline type - 2 microdeletion 
in a severely affected child implies that one of the parents, in most of the cases 
the mother, is likely to carry the mutation in a mosaic state. This should be tested, 
to offer proper genetic counseling to the parents. 

 Whether the spectrum of  NF1  mutations in patients with SNF differs from that 
in classical NF1 patients is still under debate  [57 – 60] . 

 With improving therapeutic options for tumors arising in NF2 patients, testing 
is advocated in suspected NF2 patients and in individuals at risk for NF2. Reliable 
genetic testing is also relevant to carry out prenatal and pre - implantation genetic 
diagnosis if desired. Exon scanning techniques, including exon sequencing in 
combination with methods to identify DNA copy number alterations, achieve 
mutation rates of up to 91 – 100% in familial non - founder patients, but only about 
60% in sporadic cases when analyzing blood lymphocytes  [61, 62] . These fi gures 
refl ect the fact that about 30% of sporadic NF2 patients are mosaic cases. Since 
the  NF2  mutation may be under - represented or absent in non - neoplatic tissue 



of these patients, it may escape detection when analyzing blood samples. However, 
recent reports show that analyzing material from multiple tumors can unambigu-
ously identify the post - zygotic mosaic mutation in about 65% of these patients 
and, therefore, may signifi cantly increase the mutation detection rates in founder 
NF2 patients  [61, 62] . It is important to note that there is a risk of transmission 
of the mutation to the second generation for mosaic patients, and the clinical 
presentation is expected to be more severe in the offspring who will carry the 
mutation constitutionally. However, this risk is considerably reduced from 1   :   2 
to about 1   :   8 for the offspring of mosaic patients  [61] . 

 Currently,  INI1  is the only gene for familial schwannomatosis. The analysis of 
a large number of schwannomatosis patients will uncover the frequency of  INI1  
germline mutations in familial and sporadic schwannomatosis.  

  6.4 
 Clinical Manifestations 

  6.4.1 
 Tumors Arising in  NF 1 Patients 

  Neurofi bromas  that develop as focal cutaneous or subcutaneous lesions, spinal 
nerve root tumors, or plexiform neurofi bromas, are typical for NF1, and almost 
all adult NF1 patients have neurofi bromas. 

 Cutaneous neurofi bromas usually start growing at puberty, and may increase 
in size and number throughout the entire lifetime. There have been no reports of 
cutaneous neurofi bromas undergoing malignant transformation, and also subcu-
taneous neurofi bromas rarely undergo malignant change  [63] . 

 Plexiform neurofi bromas are thought to be congenital, and are present in about 
30% of NF1 patients clinically, and in 50% by imaging. Plexiform neurofi bromas 
develop along a nerve and involve multiple nerve branches. Growth of the tumor 
may cause pain and functional compromise. Plexiform neurofi bromas are often 
highly vascularized and may cause soft tissue growth as well as bone hypertrophy. 
Removal is often challenging. Currently, there are several ongoing clinical trials 
to test the effects of different targeted therapies on the growth of plexiform neu-
rofi bromas, but the evidence so far is insuffi cient to conclude that any of these 
drugs are benefi cial (for ongoing clinical trials see:  http://www.ctf.org/research/
nf1/ . Plexiform and spinal neurofi bromas have the risk of transforming into 
MPNSTs, which herald a poor prognosis. 

  MPNST  develop in 8 – 13% NF1 patients during their lifetime  [64] . Increased 
monitoring is recommended for NF1 patients who have plexiform neurofi broma 
and/or have been treated with radiotherapy, have a personal or family history of 
cancer, a  NF1  micro - deletion, high burden of internal neurofi bromas, or neuro-
fi bromatous neuropathy  [65] . Clinicians should be alerted when a patient develops 
unremitting pain, rapid increase in size of a plexiform neurofi broma, change 
in consistency from soft to hard, or a neurological defi cit  [66] . MRI should be 
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performed to locate the site, extent, and change in size of the plexiform neurofi -
broma, but it does not reliably detect malignant transformation.  Fluorodeoxyglu-
cose positron emission tomography  ( FDG - PET ) has been shown as a sensitive and 
specifi c diagnostic tool to differentiate benign plexiform neurofi bromas from 
MPNSTs. Furthermore, FDG - PET may also ensure that, in a heterogeneous lesion, 
the most active part of the tumor is biopsied. Therefore, FDG - PET constitutes a 
signifi cant advance in the diagnosis of MPNST (see Figure  6.2 )  [67] .   

  Optic pathway tumors  (OPGs) are WHO grade I astrocytomas (i.e. pilocytic 
astrocytomas) that are seen in 15% of NF1 patients by imaging. However, only 
one - third of these tumors will cause clinical symptoms  [68] . In general, OPGs in 
NF1 patients have a more indolent course than sporadic OPGs, which might at 
least partly be explained by the different genetic pathways involved  [24, 69] . Treat-
ment is recommended if there is clear evidence for tumor progression in symp-
tomatic NF1 - associated OPGs. Chemotherapy is the fi rst - line therapy, and surgery 
is indicated only in cases with a large degree of proptosis and a blind or near - blind 
eye  [70] . Radiotherapy should be avoided, since there are substantial risks of sec-
ondary malignancies in particular MPNSTs, cerebrovascular complications, and 
growth hormone defi ciency after radiotherapy in NF1 patients (for review see  [71] ). 
It should be noted that signs of NF1 and malignant brain tumors in children, such 
as glioblastomas, are highly indicative of MMR - D syndrome, which should be 
considered as a differential diagnosis in such cases (see also Clinical Diagnosis 
NF1)  [72] . 

  Pheochromocytomas  are catecholamine - secreting adrenal medulla tumors 
developing in 1 – 2% of NF1 patients. NF1 patients constitute approximately 3% of 

    Figure 6.2     MRI (top left), CT - scan (lower left) and FDG - PET 
scan (top and lower right) images of a plexiform neuro-
fi broma of the plexus brachialis, experiencing focal trans-
formation to a malignant peripheral nerve sheath tumor 
(see arrows) in a patient carrying a  NF1  micro - deletion.  



pheochromocytoma patients who occur also in conjunction with other inherited 
diseases, that is,  multiple endocrine neoplasia type 2  ( MEN2 ) (see Chapter  9  on 
hereditary medullary and familial nonmedullary thyroid crcinoma), von Hippel –
 Lindau disease, and hereditary pheochromocytoma and paraganglioma. NF1 asso-
ciated pheochromocytomas are mainly adrenal tumors, of which 20% are multifocal 
and 12% are malignant  [73] . The clinical presentation of pheochromocytoma 
includes hypertension and headaches, warranting a careful monitoring and exami-
nation in NF1 patients who also carry a higher risk for renal artery stenosis  [74] . 

   Juvenile myelomonocytic leukaemia   ( JMML ) is a rare haematopoietic disorder 
of infancy and early childhood, for which NF1 patients have a 200 to 500 - fold 
increased risk when compared to the general population. Therefore, about 11% of 
JMML patients have a clinical diagnosis of NF1  [75] . Of note, other haematological 
disorders, such as acute myeloid or lymphoid leukaemia, or lymphoma in young 
patients with CLS, are indicative of the recessive cancer predisposition syndrome, 
referred to as MMR - D syndrome here (see also Clinical Diagnosis NF1)  [76] . 
Currently, allogenic haematopoietic stem cell transplantation is the only treatment 
modality for JMML, and offers a curative perspective for about 50% of patients. 

   Gastrointestinal stromal tumors   ( GISTs ) are increasingly being recognized as 
belonging to the tumor spectrum of NF1  [25] . The interested reader is referred to 
Chapter  18  on GISTs in this book, which will discuss the underlying molecular 
events in NF1 - associated GISTs, and the implications for treatment modalities, as 
well as the fi ndings in patients with presumed intestinal neurofi bromatosis  [77] . 

  Glomus tumors  of the fi ngertips are also part of the NF1 tumor spectrum. 
The glomus organ in the fi ngertips is important for the thermo - perception and 
 - regulation of the fi ngers. The presence of this small and nearly invisible tumor 
in NF1 patients can be very painful, especially in cold temperatures. The patients 
usually complain of pain for several years before the tumors are diagnosed and 
removed by simple surgery under local anaesthesia. It is important to realize that 
in NF1 patients, multiple fi ngertips can be affected  [78] . 

 For diagnosis and management of other clinical manifestations of NF1, we refer 
to guidelines given by Ferner and her colleagues  [63] .  

  6.4.2 
 Tumors Arising in  NF 2 Patients 

  Schwannomas  are encapsulated tumors of pure SCs that usually do not experi-
ence malignant transformation. One in 1000 will be diagnosed with vestibular 
schwannoma (VS) in their lifetime, and about 7% of these patients have general-
ized or mosaic NF2  [11] . Pathologically, VS occurring in NF2 differ from sporadic 
tumors in that they are more lobular and have an increased meningothelial pro-
liferation  [79] . Other locations for schwannomas are the trigeminal nerve, the 
spinal nerve roots, and peripheral nerves with an estimated annual incidence of 
1   :   4000  [16] . Approximately 13% of patients with spinal schwannomas have NF2 
 [80] , and spinal - cord tumors have been reported in up to 90% of NF2 patients by 
neuroimaging, with the majority being asymptomatic  [81] . 
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 There are three treatment options in VS of NF2 patients: (i) watchful waiting 
for tumors that are stable clinically and in neuroimaging; and (ii) microsurgery; 
or (iii) radiosurgery for large, symptomatic tumors. In general, so - called  “ gamma 
knife ”  radiosurgery seems to have better local tumor control rates, less hearing 
loss, and less involvement of facial nerves when compared to microsurgery (for 
review see  [82] ). Hence, recent reports also advocate radiation treatment for VS in 
NF2 patients, although they seem to profi t less from this therapy than patients 
with sporadic unilateral tumors (for review see  [15, 63] ). Furthermore, since reports 
of an increased risk of malignant transformation and new primary tumors for 
irradiated as compared to unirradiated NF2 patients exists  [71] , physicians should 
exercise caution in strongly advocating radiation treatment for benign tumors in 
NF2, before valid long - term follow - up studies have been conducted  [43, 83] . 

  Meningiomas  constitute up to 20 – 30% of all brain tumors and 5 – 15% of patients 
presenting with multiple meningiomas. Up to 20% of patients with multiple 
meningiomas may have NF2. Cranial meningiomas affecting 45% of NF2 patients 
are the major cause of mortality and morbidity (for review see  [43] ). MRI and 
surgery are the golden standard for enlarging or symptomatic tumors. 

  Ependymomas  can be found in up to 6% of NF2 patients, usually in the brain-
stem and upper cervical region. They remain quiescent for lengthy periods, but 
occasionally cause cord compression. In this case, complete resection or incom-
plete resection with low - grade adjuvant radiotherapy is recommended. 

 As for NF1, it is advisable that NF2 patients are treated in specialized centers 
which have a NF2 team, including a neurosurgeon, otolaryngologist, neurologist, 
geneticist, and audiologist  [84] . NF2 patients now have realistic chances of having 
some serviceable hearing with an auditory brainstem implant  [85] . Nevertheless, 
in discussing treatment options for NF2 patients, we always have to be aware that 
outcomes of surgery and radiosurgery are usually worse compared to spontaneous 
schwannomas and that the patient will usually develop multiple tumors.   

  6.5 
 Future Perspective/Translational Medicine 

 The Ras - MAPK pathway plays a central role for NF1 - loss initiated tumor formation 
(see Section  6.2.1 ) and, hence appears to be a good target for therapeutic interven-
tions. With the rationale to inhibit post - translational modifi cations, which are 
essential for normal Ras function, drugs that inhibit various enzymes responsible 
for the Ras farnesylation have been tested in clinical trials. Members of the statin 
family of drugs interfere with this modifi cation by reducing the production of the 
lipid group donor, farnesyl pyrophosphate, an intermediate in the biosynthesis of 
cholesterol. Recently, statins have been discussed also as theraputics for non - 
neoplastic features of NF1, as lovastatin has been shown to rescue learning defi cits 
in NF1 mouse models  [86] . The effectiveness of lovastatin in improving learning 
diffi culties of NF1 children is evaluated in ongoing clinical trials. Inhibitors of the 
 farnesyl transferases  ( FTIs ), such as lonarfarnib and tipifarnib, achieved promis-
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ing results in preclinical trials. However, FTIs have shown only limited success 
in clinical trials. This may largely be explained by the fact that N -  and K - Ras can 
alternatively be modifi ed by geranylgeranyl transferases. Thus, even in the pres-
ence of FTIs, N -  and K - Ras are able to function properly, at least to a certain degree. 
Furthermore, a drawback common to all therapeutic approaches interfering with 
the post - translational modifi cation of Ras is the limited specifi city of these drugs, 
since about 0.5% of all cellular proteins experience these modifi cations, and strong 
evidence supports the notion that the regulation of non - Ras targets at least con-
tributes to the anti - cancer effects of these drugs (for review see  [87] ). 

 Downstream effectors and upstream activators of Ras may also be molecular 
targets for anti - tumor therapies in NF1.  In vivo  studies have shown that inhibitors 
of the downstream effectors of Ras, MEK1, 2, the  p21 - activated kinase  ( PAK ), as 
well as PI3K and mTOR, are worth testing in clinical trials. The  epidermal growth 
factor receptor  ( EGFR ) expressed by MPNST cells, but absent from normal SCs, 
has been shown in different  in vivo  studies to be a promising target for anti - cancer 
drugs. Other members of the ErbB family of receptors such as ErbB2/neu may 
also serve as potential targets for therapies (for review see  [87] ) (see also Chapter 
 30  on molecular targeted therapy). 

 Viruses that are able to specifi cally infect and lyse cells with activated RAS sig-
naling  [88] , the delivery of neurofi bromin or parts of neurofi bromin including the 
GAP - related domain to the cells, may be other potential treatment options. 

 Since there is strong evidence that also Merlin (the gene product of NF2) has 
an important role in growth factor receptor response, it is reasonable that the 
above - mentioned RAS/RAF/MEK, PI3K - AKT - mTOR pathways may also be tar-
geted in NF2 associated tumors (for review see  [43] ).  
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  As the fi rst cancer to be described as a genetic disease, retinoblastoma represents 
the prototypic hereditary tumor. This childhood retinal cancer is initiated by the 
loss of the  RB1  tumor suppressor gene, which has important clinical implications, 
as highly sensitive mutation detection of mutant  RB1  alleles within families accu-
rately identifi es individuals at high risk for retinoblastoma and excludes those with 
normal  RB1  and thus directs costly and intense treatment and surveillance only 
to those who require it. 

 The unique molecular fi ngerprint of retinoblastoma can be correlated to clinical 
and histopathological stage. Loss of  RB1  initially leads to development of the 
benign tumor, retinoma. Further genetic insults are necessary for progression to 
malignancy, including gains of oncogenes  NMYC, KIF14, E2F3 , and/or  DEK,  and 
loss of tumor suppressor genes  CDH11  and  p75 NTR .       

  7.1 
 Introduction 

 Retinoblastoma was recognized more than a century ago to be a heritable cancer. 
As soon as patients could be cured by surgical removal of the eye(s) affected by 
retinoblastoma, they survived to have children also affected by retinoblastoma  [1] . 
However, only as genomic science came into the forefront was it recognized that 
retinoblastoma is not unique, but rather the prototype for the genetic disease called 
cancer  [2, 3] . 

 The retinoblastoma gene ( RB1)  was the fi rst tumor suppressor gene to be identi-
fi ed  [4] . Cytogenetically detectable large deletions of chromosome 13q14 pointed 
to the locus  [5] , and recognition that both alleles were mutated in the tumors  [6]  
led to identifi cation of the DNA fragment completely deleted from one tumor  [7] . 
This clone turned out to be within an exon of  RB1   [4] . Clinical translation with 
precise identifi cation of mutant alleles in each family has enhanced quality of 

Summary
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clinical care for affected children and decreased morbidity and healthcare costs for 
those removed from invasive clinical surveillance. 

 Although initially  RB1  loss was thought to cause retinoblastoma, it is now clear 
that retinoma is an  RB1  - / -    premalignant precursor that often precedes the genomic 
changes observed with full malignancy. The somatic  RB1  second mutant allele in 
the tumor, and subsequent genomic signature of individual retinoblastoma tumors 
are now being explored for molecular monitoring for metastatic disease.  

  7.2 
 Clinical Features 

 The rare childhood retinal cancer retinoblastoma (OMIM#180200) affects between 
1 in 22   000 to 1 in 15   000 children worldwide  [8] . Parents commonly fi rst observe 
a white refl ection in pupil of the eye, called leukocoria (Figure  7.1 A). At this early 

    Figure 7.1     Child with leukocoria. 
(A) Retinoblastoma fi rst is noted when 
leukocoria is noticed by parents, often now 
on digital images of the baby. (Image 
courtesy of Daisy ’ s Eye Cancer Fund, 
 www.daisyseyecancerfund.org ). (B) Total 

retinal detachment is caused by calcifi ed 
growing retinoblastoma. (C) After chemo-
therapy, calcifi ed tumor remains but the 
retina is reattached; laser and cryotherapy 
will control residual and small recurrences.  



stage, the tumor is usually contained within the eye and curable by surgery or 
combinations of treatments that may save the eye(s). One or both eyes may be 
independently affected. All children with bilateral retinoblastoma, and 15% of 
children with unilateral retinoblastoma have a constitutional  RB1  mutation that 
is commonly novel and not inherited, but heritable by future offspring. Rarely, the 
children with  RB1  constitutional mutations also develop intracranial tumors, 
called trilateral retinoblastoma. Eighty fi ve percent of unilaterally affected children 
without a family history have no constitutional  RB1  mutation.   

 Worldwide, removal of the eye with advanced retinoblastoma is an excellent 
treatment to cure retinoblastoma, as long as the tumor has not spread outside the 
eye  [9] . When one eye tumor is normal, removal of the affected eye is the most 
certain way to a cure. When both eyes are affected, removal of eyes threatening 
extraocular extension is recommended, but eyes with smaller and less invasive 
retinoblastoma can be treated by chemotherapy followed by cryotherapy and laser, 
or cryotherapy and laser alone for small tumors, eliminating the tumor and saving 
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    Figure 7.2     Features of retinal tumors. (A) Undifferentiated 
retinoblastoma consists of dense tissue with compact cells, 
nuclear moulding, and little cytoplasm. Differentiation in 
retinoblastomas takes the form of either (B) Flexner –
 Wintersteiner rosettes or (C) Homer Wright rosettes while 
retinomas specifi cally display (D) fl eurettes.  
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at least one eye in many children (Figure  7.1 B and C). There is room for better 
therapies that can save more eyes, and still avoid exposure of young children to 
high treatment - induced morbidity. 

 Retinoblastomas are composed of highly proliferative, often undifferentiated, 
basophilic cells with hyperchromatic nuclei and little cytoplasm  [10] . The cells 
grow in a characteristic cobblestone pattern, the result of nuclear moulding  [11, 
12]  (Figure  7.2 A). Abundant mitoses, extensive necroses and highly characteristic 
calcifi cation are commonly present. Growth of retinoblastoma in a perivascular 
ring forms  “ pseudorosettes ” , with the cells most distant from the blood supply 
demonstrating necrosis.   

 The most specifi c pattern of differentiation in retinoblastoma is the Flexner –
 Wintersteiner rosette  [13]  (Figure  7.2 ): a ring of cuboidal or wedge - shaped cells 
surround largely empty central lumen into which they extend small cytoplasmic 
projections  [10] . Flexner – Wintersteiner rosettes are characteristic of retino-
blastoma, but are also observed in pineoblastoma and medulloepithelioma  [14] ) 
where they may also represent an attempt at retinal differentiation. This theory 
is supported by  electron microscopy  ( EM ) studies that reveal retinal photoreceptor 
cell features  [11]  and hyaluronidase - resistant staining of the lumen, due to 
the presence of acid mucopolysaccaride, similar to the outer segments of 
photoreceptors  [15] . 

 The Homer Wright rosettes are commonly observed in retinoblastoma, repre-
senting neuronal differentiation, as in many neural tumors. These rosettes show 
a central tangle of neuronal processes that intertwine and may force the cell bodies 
to the outer edges of the structure  [14]  (Figure  7.2 C). 

 Fleurettes describe a linear arrangement of cells with bulbous processes of vari-
able length, creating a structure that resembles the  Fleur - de - Lys,  from which its 
name is derived  [11] . By EM, fl eurettes display properties of retinal photoreceptor 
cells (Figure  7.2 D). It was noted that the fl eurette - rich portion of irradiated tumors 
changed very little, compared to the cell death and calcifi cation of undifferentiated 
retinoblastoma, leading to the idea that fl eurettes were  “ radiation resistant ”   [12] . 
Others suggested that fl eurettes might actually result from the radiation, a type of 
forced differentiation, or regression. It is now clear that fl eurettes are not a feature 
of proliferative retinoblastoma, but of the non - proliferative precursor, retinoma 
 [16, 17] .  

  7.3 
 Clinical Retinoma 

 After study of a number of adult, non - phthisical eyes that were considered to be 
spontaneously regressed retinoblastoma, it was suggested that they might actually 
be examples of spontaneously  arrested  retinoblastoma, and the term  “ retinoma ”  
was proposed to describe these lesions  [18] . Retinoma was clinically defi ned as an 
elevated, gray, translucent mass displaying calcifi cation similar in appearance to 
cottage cheese, a hyperplastic pigment epithelium, and importantly, no evidence 



 7.5 Progression from Normal Retina to Retinoblastoma  151

of regression  [18] . Later, cases of retinoma were found to be associated with vitre-
ous seeding  [19] , a feature previously thought to be specifi c only to malignant 
tumors. 

 Retinoma is rarely clinically observed (1.8% of retinoblastoma cases  [18] ) and 
treatment is not required since it is non - proliferative and usually poses no immedi-
ate threat to the affected individual ’ s well - being. However, some cases of retinoma 
have been shown to progress to retinoblastoma  [20 – 22] , necessitating routine 
examination of retinoma - affected eyes. Specimens of retinoma are usually not 
available for histopathological assessment because they are enucleated only when 
they progress to retinoblastoma. 

 However, from rare cases of retinoma that were removed as therapy, the histo-
pathological features were identifi ed as abundant fl eurettes without any type of 
rosettes, eosinophilic cytoplasm, rare foci of calcifi cation, and a lack of mitoses 
and necroses were noted features of the same type of lesion as retinomas  [23] . 
Using these histopathological features as markers, we recently showed that reti-
noma is present in 16% of eyes enucleated for retinoblastoma  [16, 17] .  

  7.4 
 Nature of Susceptible Retinal Cell 

 Key to understanding cancer is knowledge of the unique properties of the normal 
somatic cell that becomes susceptible to malignant transformation. Early histo-
pathological studies of retinoblastoma suggested a glial cell of origin, hence the 
original name for the disease,  “ glioma of the retina ” . However, markers of numer-
ous cell types are expressed by retinoblastoma. The cell of origin of retinoblastoma 
has a developmentally limited existence: before birth 50% of infants with an  RB1  
mutant allele will already have one tumor, then develop more over the fi rst 
years, but after about 3 years, new tumors stop emerging. Therefore a multipotent 
retinal progenitor cell is the best candidate for the retinoblastoma cell of origin, 
which would account for promiscuous expression of cell type markers in 
retinoblastoma.  

  7.5 
 Progression from Normal Retina to Retinoblastoma 

  7.5.1 
 Tumor Initiation: Bi - Allelic Inactivation of    RB1  

 Individuals with heritable retinoblastoma (40% of cases) carry an  RB1  constitu-
tional mutation (M1) and have lost the second allele (M2) in the emerging tumors 
 [2, 3, 24] . Non - hereditary retinoblastoma tumors (50% of cases) also have somatic 
loss of both  RB1  alleles (M1/M2), but neither of these mutant alleles is detected 
in constitutional cells. Although M1 and M2 mutational events are necessary for 
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tumor initiation, they are not suffi cient for malignant progression; further genetic 
insults (M3 - Mn events) are required (Figure  7.3 ).   

  7.5.1.1   Types of    RB1  Mutations 
 The  RB1  gene is composed of 27 exons and the promoter region located on 
chromosome 13q14. The range of  RB1  mutations is great, as there is virtually 
an infi nite number of ways to inactivate the gene. More than a thousand distinct 
 RB1  mutations have been identifi ed  [24, 25] , including exonic and whole gene 
deletions (leading to frameshifts or loss of the entire gene, respectively) and point 
mutations (causing splicing defects, missense, or nonsense mutations) (Table 
 7.1 ). Clinical genetic tests can now identity 94% of mutant  RB1  alleles ( www.
retinoblastomasolutions.org ) (Table  7.2 ). This knowledge enables precise screen-
ing of family members to determine their individual risk to develop retinoblas-
toma or transmit the dominant trait  [26] . Clinical  RB1  mutation identifi cation 
dramatically enhances care for families, since only children truly at risk for 
tumors, because of a constitutional  RB1  mutation, need clinical surveillance. 
Those children shown to not have the family ’ s  RB1  mutant allele need no further 
examinations  [24, 27] .    

  7.5.1.2   Penetrance and Expressivity of   RB1   Mutations 
 The common  RB1  mutations result in no protein and show high penetrance and 
expressivity (multiple tumors) with 99% of persons at risk to develop retinoblas-
toma, usually in both eyes. Trilateral retinoblastoma is not associated with any 
particular constitutional  RB1  mutation type. Some families show low penetrance 
disease, related to  RB1  gene mutations (specifi c, splicing defects, promoter muta-
tions, missense mutations) that permit some residual protein function  [28] , result-
ing in fewer tumors forming. 

 Low penetrance retinoblastoma also can result from mosaicism. The novel  RB1  
mutation may occur in a multi - cell stage embryo, rather than in the initial germ 
cell. Such individuals will carry an  RB1  mutation in only a fraction of their cells. 
While only 4% of bilateral retinoblastoma patients show constitutional mosaicism, 

    Figure 7.3     The molecular genetic progression 
of retina to retinoma and retinoblastoma. 
Retinoblastomas are initiated by the loss of 
both  RB1  alleles (M1 and M2). M1 commonly 
arises as a new mutation, unique in each 

family; M2 arises in each individual clone to 
initiate retinoma. Progression to 
retinoblastoma is driven by further events, 
M3 - Mn, which provide selective advantage 
and increasing autonomy of cancer.  
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25% of unilaterally affected individuals with no family history are now shown to 
be mosaic. 

 Later in life, individuals carrying a constitutional  RB1  mutant allele are at 
increased risk to develop other cancers  [29 – 32]  The  relative risk  ( RR ) to develop 
retinoblastoma due to a null constitutional  RB1  mutation is more than 40   000. The 
RR for trilateral retinoblastoma increased in the era of external beam radiation 
for intraocular disease to about 650, compared to 100 in the earlier part of the 
century  [33 – 36] . The RR up to 30 for osteosarcoma and soft tissue sarcomas 
is radiation - dose dependent  [37] . Melanoma, bladder, lung, and other cancers 
carry a risk greater for  RB1  mutation carriers than the normal population over a 
lifetime  [31] .  

  7.5.1.3     RB1   Loss and Retinoma 
 Retinoma has been observed in individuals who carry one mutant  RB1  allele  [18, 
22, 38 – 42] . Retinoma is described to developing into retinoblastoma after an initial 
period of clinical dormancy  [20 – 22] . Retinomas have been observed in parents and 
grandparents of children with retinoblastoma  [41, 43 – 45] , and in children with 
retinoblastoma in the same or opposite eye  [22, 38, 44] . 

 However, we observed 16% of eyes removed for retinoblastoma to contain non -
 proliferative retinoma adjacent to the retinoblastoma. We have shown absence of 

 Table 7.1     Types of   RB 1  mutant alleles in blood of bilaterally 
affected probands, retinoblastoma tumors, and non - familial 
unilaterally affected probands who had constitutional mutant 
alleles found in blood. (Data from Retinoblastoma Solutions, 
January 2007). 

  Class of  RB1  mutation    Bilateral    Tumor alleles (250    ¥    2)    Unilateral 
germline  

  Small insertions/deletions    76 (23%)    55 (16%)    11 (16%)  
  Recurrent nonsense    79 (24%)    102 (29%)    18 (26%)  
  Other nonsense    49 (15%)    33 (9%)    3 (4%)  
  Splice    58 (17%)    40 (11%)    8 (12%)  
  Whole exon deletions/duplications    56 (17%)    73 (21%)    16 (24%)  
  Missense    13 (4%)    5 (1.5%)    11 (16%)  
  Regulatory    2 ( < 1%)    1    1 (1%)  
  Methylation promoter    0    41 (12%)      

  Total (excluding LOH)        350      

  LOH        150 alleles (60% of tumors)      
   * 179 alleles (71% of tumors)  

  Total alleles    333    500    68  

    * Includes  LOH  due to deletion of one copy of the   RB 1  gene.   



 154  7 Retinoblastoma: The Prototypic Hereditary Tumor

functional protein  product of the  RB1   ( pRB ) gene with the identical M2 mutant 
alleles in retinomas and the adjacent retinoblastomas, indicating clonal progres-
sion from retina (normal or M1) to retinoma to  RB1  with identical M1 and M2 
 [16, 17] . 

 The rarity of clinically observed retinoma indicates that malignant progression 
is a rapid and highly likely transition. The rare cases of retinoma that do not 
progress must be arrested in some manner. Unlike retina and retinoblastoma, 
retinoma expresses p16 INK4a   [16, 17] , a protein involved in regulating cellular arrest, 
or senescence, upon oncogenic stimulation  [46 – 48] . It is possible that a reversal 
of the senescent state in retinoma, by disruption of the p16 INK4a  pathway, could 
promote the progression to retinoblastoma from retinoma, as observed in gastro-
intestinal cancer  [49]  and melanoma  [50] .   

  7.5.2 
 Tumor Progression: Post -   RB1   Genomic Changes in Retinoblastoma 

 Most retinoblastoma tumors contain gross genomic changes in addition to  RB1  
loss (M3 - Mn), as identifi ed by  comparative genomic hybridization  ( CGH )  [51 – 58] . 

 Table 7.2     Sensitivity to fi nd   RB 1  mutant alleles in clinical 
samples (blood for bilateral and familial retinoblastoma, 
tumor if available for unilateral retinoblastoma with no family 
history). Of all identifi ed germline   RB 1  mutations the fraction 
in which the proband is mosaic differs for bilaterally affected 
probands (3%) and unilaterally affected probands (25%). 
(Data from Retinoblastoma Solutions, September 2007). 

      Number of 
families 
studied  

  Mutations 
fully 
identifi ed  

  Sensitivity    Germline    Germline mosaic 
(% of all germline)  

  Bilateral    397    374    94.2%    NA    11(3%)  

  Unilateral blood   +  
 family history  

  25    23    92%        NA  

  Isolated unilateral 
with tumor  

  346    317    91.6%    45 (13%)    11/44 (25%)  

  Total sensitivity    768    714    92.9%                

  Isolated unilateral 
with NO tumor 
(blood)  

  152    20    NA    20 (13.2%)    5/20 (25%)  

  Total analyzed    920                  
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Common regions of gain and loss were identifi ed at chromosomal arm 1q31 - 32 
( > 47% gain)  [59] , 2p24 (30% gain)  [53] , 6p22 (44% gain)  [53],  and 16q22 (31% loss) 
 [60] . These chromosomal regions were narrowed using  Quantitative Multiplex 
Polymerase Chain Reaction  ( QM - PCR ) to identify candidate oncogenes and tumor 
suppressor genes that may contribute to tumor progression in  RB1   - / -   cells  [61] . In 
addition to genes identifi ed by genomic gains and losses, other important events 
have been identifi ed by the candidate gene approach. 

  7.5.2.1   Genomic Gain at Chromosome 1 q  
 QM - PCR on chromosome 1 identifi ed a minimal region of gain at 1q32.1  [59] . 
This region contained 12 genes, but expression analysis of all 12 pointed to  KIF14  
(Gene ID: 9928) as a potential oncogene, as its expression by  quantitative real - time 
Reverse Transcription Polymerase Chain Reaction  ( qRT - PCR ) was up to 1000 - fold 
higher in retinoblastoma compared to unaffected retina. KIF14 is a mitotic kinesin 
 [62] , and its overexpression in tumors may cause overactive cell division that con-
tributes to the expansion of tumor cells. Further data implicating  KIF14  as a potent 
oncogene are correlation of expression level with higher tumor grade and worse 
outcome in lung  [63]  and breast cancers  [64] , and genomic amplifi cation in one 
retinoblastoma  [65] . 

 Another gene implicated at chromosome 1 is  MDM4 , an inhibitor of the tran-
scriptional activity of p53. MDM4 is gained in a subset of retinoblastoma tumors 
 [66] . Further study is required to discover if one or both candidate genes on 1q are 
important for retinoblastoma progression.  

  7.5.2.2   Genomic Gain of 2 p :   NMYC   
 The commonly gained chromosomal arm 2p was narrowed to 2p24, known to 
harbor the neuroblastoma oncogene  NMYC  (Gene ID: 4613)  [67] . As with neuro-
blastoma, the Y79 retinoblastoma cell line displayed  NMYC  amplifi cation.  NMYC  
has been assumed to be the retinoblastoma 2p oncogene  [68, 69] . Further study 
of the potential function of overexpression of  NMYC  or other 2p genes, in retino-
blastoma, is required.  

  7.5.2.3   Genomic Gain at Chromosome 6 p  
 The gain at chromosome 6p was fi rst identifi ed as an isochromosome  [51]  and the 
most common region of gain later narrowed down to 6p22  [53] . Initial studies 
pinpointed a novel kinesin, coined RBKIN ( KIF13A,  Gene ID: 63971), as a poten-
tial oncogene at this site  [70] . However, subsequent studies identifi ed  DEK  (Gene 
ID: 7913) and  E2F3  (Gene ID: 1871) as candidate oncogenes, because they are 
expressed at higher levels in retinoblastoma than retina  [58, 71] . How DEK and 
E2F3 might function when overexpressed in retinoblastoma is unclear. E2F3 is 
involved in cell cycle entry  [72, 73] , thus it could play a role in the enhanced pro-
liferation of tumor cells. On the other hand, DEK, a nuclear protein  [74]  with 
diverse functions including chromatin remodeling  [75] , mRNA splicing  [76],  and 
transcription regulation  [77] , has been implicated as an oncogene in many cancers, 
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including leukemia, where the gene is translocated  [78] . Recently, E2F3 was 
found to regulate  DEK   [79] , thus the two may be acting cooperatively to enhance 
tumorigenesis in the retina. Evidence supporting this comes from targeted disrup-
tion of either gene by siRNA in retinoblastoma cell lines with 6p22 gain; knock-
down of DEK causes considerable cell death, and knockdown of either DEK or 
E2F3 decreases cellular growth rates  [80] .  

  7.5.2.4   Genomic Loss at Chromosome 16 q  
 Chromosome 16 loss was narrowed to region 16q22, containing two potential 
tumor suppressor genes,  CDH11  (Gene ID: 1009) and  CDH13  (Gene ID: 1012) 
 [60] . Subsequent expression analysis identifi ed  CDH11  as the potential tumor 
suppressor gene as it was expressed in the retina but either decreased or was 
not expressed in 91% of retinoblastoma studied, unlike  CDH13  which was 
ubiquitously expressed  [60]  and not mutated in retinoblastoma tumors  [81] . 
 CDH11  belongs to the cadherin family of proteins, which are thought to func-
tion in cellular adhesion  [82] , thus its loss in retinoblastoma could con tribute 
to vitreous seeding, the most diffi cult kind of intraocular retinoblastoma to 
treat. Furthermore, data from a murine model of retinoblastoma indicates 
 CDH11  loss could lead to increased rates of tumor proliferation  [83] , implying 
a multi - faceted role for  CDH11  as a retinoblastoma tumor suppressor.  

  7.5.2.5   Cell Death Regulator  p 53 
 The default process in many tissues, that lose  RB1  expression, is cell death. 
However, in the retina, loss of  RB1  commonly progresses to cancer. It was 
logical to assume then, that a defect in a cell death pathway was responsible 
for the survival of the mutant  RB1   − / −   cells. Early on, scientists pinpointed the 
well - known cell death regulator p53 (Gene ID: 7157) as a candidate tumor sup-
pressor in retinoblastoma, however no strong evidence has emerged to support 
this hypothesis. Rare retinoblastoma cells do show detectable levels of p53, however 
this does not suggest mutant protein, as radiation of retinoblastoma cell lines 
shows normal upregulation of p53. Furthermore, no p53 mutations have been 
detected in either cell lines or primary retinoblastoma tumors. This does not 
exclude the possibility that a defect exists elsewhere in the p53 regulatory 
pathway.  

  7.5.2.6     NGFR  / p 75  NTR   
 The  p75 NTR   neurotrophin receptor ( NGFR,  Gene ID: 4804) was identifi ed as 
a potential retinoblastoma tumor suppressor, considering its role in develop-
mental retinal cell death. Indeed, p75 NTR  was found to be expressed in normal 
retina and retinoma, but lost in retinoblastoma  [84] . In a murine model of 
retinoblastoma, p75 NTR  was lost as tumors progressed, which correlated with a 
decrease in apoptosis  [84] . Indeed, mice with complete inactivation of p75 NTR , 
at the onset of retinoblastoma development, developed larger tumors than 
controls  [17] .    
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  7.6 
 Conclusions 

 The loss of both  RB1  alleles in a susceptible developing retinal cell results in failure 
of normal differentiation and the formation of retinoma with distinctive non - pro-
liferative fl eurette formation. Commonly retinoma progresses to malignant reti-
noblastoma, with the addition of genomic imbalance proto - oncogenes and tumor 
suppressor genes. Specifi cally, gain of  KIF14, DEK , and  E2F3 , and loss of  CDH11  
and p75 NTR  expression differentiate retinoblastoma from retinoma, excellent 
targets for future therapeutic intervention. 

  RB1  clinical mutation detection has achieved 94% sensitivity to fi nd each fami-
ly ’ s  RB1  mutant allele(s) in tumor or constitutional cells. This permits accurate 
determination of which infants have high risk for retinoblastoma, who then receive 
intense surveillance to control emerging tumors early, and which infants do not 
carry the family ’ s  RB1  mutant allele and need no further intervention. Such 
precise health care has excellent outcomes and costs less than conventional surveil-
lance of all untested at - risk infant relatives and frees resources to optimize care 
for the children with retinoblastoma. The distinctive genomic fi ngerprint of the 
retinoblastoma in each child also is an opportunity for high sensitivity molecular 
surveillance for metastases.  
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8

  Several studies have been conducted to investigate genetic mechanisms in cancer 
origin and pathogenesis, in head and neck cancer. The idea behind this was to 
detect specifi c chromosomal defects in normal cells of cancer patients and their 
fi rst degree relatives, to intensify the possibilities for prevention or early detection, 
if not even new therapeutic strategies, for these cancers. Up to the current state 
of knowledge, there is clear evidence that  Head and Neck Squamous Cell Cancer  
( HNSCC ) is directly or indirectly caused by environmental factors, predominantly 
smoking (active or passive), and in a second step due the immunosuppressive 
effect of alcohol. It is diffi cult to depict the increased relative risk of fi rst degree 
relatives (about 3 to 5 times) to develop HNSCC from familial habits, as so far 
there is no evidence for a shared genetic event that could be responsible for a 
cancerous origin. Nevertheless, there are several genetic factors that are clearly 
altering the genetic susceptibility for HNSCC, for example, the capacity for detoxi-
fying the consumption of noxious substances, or the frequency of the presence of 
fragile sites. Future studies will be necessary to clarify the issue of familial origin 
of HNSCC.      

  8.1 
 Familial Factors in Head and Neck Squamous Cell Cancer ( HNSCC ) 

 Head and neck cancer is the sixth most frequent entity of cancer and therefore a 
major cause of morbidity and mortality. The most frequent type of cancer in the 
head and neck with about 90% of the cases is Squamous Cell Cancer (HNSCC) 
presenting in four different grades of histologic differentiation. Current treatment 
options cover primarily surgical procedures, radiation, chemotherapy, and combi-
nations thereof. Survival options depend on the tumor stage (lymphatic spread) 
upon initial diagnosis. Five year survival rates of stage III and IV cancers remain 
poor, with an overall survival of about 30%. 

Summary
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 Up to the current state of knowledge, there is clear evidence that HNSCC is 
directly or indirectly caused by environmental factors, predominantly smoking 
(active or passive), and in a second step due the immunosuppressive effect of 
alcohol. Although many shared genetic events in the development of a smoking -  as 
well as non - smoking induced head and neck cancers have been identifi ed, very 
little is known about hereditary components, and there are no reliable data on a 
familial increased frequency or germline associated origin of this cancer type  [1]  .

 Sporadic HNSCC occur at a much higher incidence, nevertheless revealing a 
possible familial clustering with a suggested autosomal dominant mode of inheri-
tance in oral HNSCC  [2] .Three other case cohort studies showed that fi rst degree 
relatives and siblings of patients with HNSCC have an increased incidence of 
HNSCC (relative risk 3.5 and 14.6, respectively) of respiratory and upper digestive 
tract malignancies relative to control subjects  [3, 4] . The study of Copper  et al.  
found that a family history of head and neck cancer was more common in patients 
with oral and pharyngeal cancer than in those with laryngeal cancer, but these 
differences were not signifi cant, possibly due to the small sizes of the subgroups 
 [4] . Finally, Day  et al.  found no increased risk of cancer in the fi rst degree relatives 
of patients with oral or pharyngeal cancer  [5] . Given these differing results of 
patient cohort studies, larger as well as specifi c studies of individual head and neck 
cancer sites are needed to further elucidate the question of a familial origin of 
HNSCC    –    especially since the familial predisposition for HNSCC interferes with 
the familial habits and exposure to strong environmental risk factors such as 
smoking or alcohol consumption  [6] .  

  8.2 
 Interactions of Genetic and Environmental Factors 

 From a molecular point of view, there are nonetheless many host or genetic factors 
that may lead to altered genetic pathways involved in the genesis and expansion 
of HNSCC, and there are most likely familiar factors which are very important in 
determining the individual susceptibility to head and neck cancer. Molecular epi-
demiology studies may be used to further uncover the relevant interactions between 
genetic and environmental factors. 

  8.2.1 
 Metabolizing Enzyme Polymorphism 

 Since not all persons with heavy smoking or drinking habits develop HNSCC, 
different abilities to detoxify electrophilic carcinogens have been assumed, based 
on inherited polymorphisms in metabolizing enzymes, such as  N  - acetyltransfer-
ase, cytochrome P450, the glutathione S - transferases, and others  [7] . These 
enzymes display a high degree of genetic polymorphism, and these polymor-
phisms have been linked to an altered risk of lung, bladder, and colon cancer  [8] . 
To date, the role of several different DNA polymorphisms in detoxifi cation or 
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tumor suppressor genes have been examined in small case - control studies of 
HNSCC. However, results of these studies have often been confl icting due to 
the relatively small number of patients and controls included, or the lack of 
proper controls for other environmental exposures that are also risk factors for 
HNSCC  [9] . 

 Dominant Mendelian inheritance patterns and the occurrence of HNSCC in 
young patients with little or no exposure to carcinogens is suggestive of a single 
heritable genetic defect that directly predisposes individuals to cancer, which 
cannot be explained by polymorphisms or metabolizing enzymes.   

  8.3 
 Mutagenicity, Genetic Susceptibility and Tumor Suppressor Genes 

  8.3.1 
 Mutagenicity in Bleomycin Assays 

  In vitro  mutagenicity assays have been focused on determining the familial pre-
disposition for HNSCC. In order to detect mutagen sensitivity, patients with 
cancers of the upper aerodigestive tract were tested for chromosomal sensitivity 
to bleomycin. Mutagen sensitivity was defi ned as the presence of one or more 
breaks per cell  [3] , The results showed an increased ratio of chromosomal breaks 
for patients with a family history of any cancer in a fi rst degree relative, and an 
even higher ratio if there were two or more relatives involved  [10] . The ratio also 
increased in patients with multiple primary head and neck neoplasms  [11, 12] .  

  8.3.2 
 Multiple Primary Cancers 

 Multiple primary tumors are frequent in the head and neck region  [5] . According 
to the hypothesis of Slaughter, damage to epithelial cells in the upper aerodigestive 
tract following exposure of the common carcinogens are ubiquitous, and could 
involve several different locations at the same time in the sense of a  “ fi eld cancer-
ization ”   [13] . Foulkes  et al.  could show that the risk for HNSCC in relatives of 
patients with multiple primary tumors was signifi cantly increased, also suggesting 
an inherited susceptibility contributing to the risk of multiple primary tumors in 
the head and neck  [12, 14] .  

  8.3.3 
 Relationship between the Genetic Susceptibility to  HNSCC  
and the Presence of Common Fragile Sites 

 Smoking causes chromosomal damage and fragile chromosomal sites. Tobacco 
smoke contains several severe carcinogens such as benzopyrene, benzopyrene diol 
epoxide, dimethylsulfate, and dimethylnitrosamine. These carcinogens especially 
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attack 3p14 and 3 p21 sites  [15, 16] . Oncogenetic tree models for tumor progres-
sion of HNSCC from CGH data using branching and distance - based tree models 
predicted that   +   3q21 – 29 was the most important early chromosomal event, and 
 − 3p, which occurred after   +   3q21 – 29, was also an important chromosomal event 
for all subsites of HNSCC  [17] . 

 There are studies that believe that mutagen associated chromosomal aberrations 
are not random, but refl ect the inherited genetic susceptibility of specifi c loci to 
damage by carcinogens. Those studies support the idea that fragile sites might be 
the unstable factors in the human genome and that their appearance could not 
only be affected by the environmental factors such as those mentioned above, but 
also by some genetic factors such as tumor suppressor genes and mismatch repair 
genes. In conclusion, the generation of fragile sites may be playing an important 
role in the genetic tendency to head and neck cancer  [18] .  

  8.3.4 
 Germline Mutations of Tumor Suppressor Gene  p 16 INK 4 a  ( p 16) 

 Familial mutations in p16 have been focused on as possibly being associated with 
HNSCC in patients without exposure to carcinogens  [19] . Functionally, p16 acts 
as a regulator of the retinoblastoma gene product and controls cell cycle progres-
sion, resulting in a major impact on tumor progression. P16 inactivation has been 
proven to occur through several mechanisms, including homozygous deletion, 
point mutation, and promoter methylation  [20] . Somatic mutations of p16 are 
frequently associated with multiple tumor types including HNSCC, non - small 
lung cancer, oesophageal cancer, and bladder cancer  [21] . Germline mutations of 
p16 have been associated with familial melanoma and familial pancreatic adeno-
carcinoma (II)  [22]  (see Chapter  20   “ Pancreatic Cancer ”  and Chapter  24    “ Malig-
nant Melanoma ” ). 

 In HNSCC, alterations of the p16/CDK - cyclin D/Rb pathway are present in 
almost 80% of the cases, making it the most commonly altered gene in HNSCC 
 [20, 23] . 

 In a report on a family with an unusually high incidence of HNSCC suggesting 
a dominant Mendelian inheritance pattern, a germline mutation within the p16 
gene was found  [24] . It remains open whether these studies are representative 
enough to establish HNSCC as a familial cancer and as a new clinical entity caused 
by germline mutations of the p16 gene.   

  8.4 
 Familial Nasopharyngeal Carcinoma 

  Nasopharyngeal cancer  ( NPC ) is a frequent malignancy in Southeast Asia, with an 
incidence of 10 – 53 cases per 100   000. The incidence is equally high in Eskimos in 
Alaska and Greenland, as well as in Tunisians  [25] . A clear etiology for NPC is still 
lacking. In general, NPC is thought to be the result of both genetic susceptibility 
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and environmental factors such as carcinogens and infection with  Epstein Barr 
Virus  ( EBV ). Familial Clustering of NPC has been observed in Chinese people 
 [26, 27] , but also in patients that are not of Chinese origin  [27] . The relative risk of 
NPC in fi rst degree relatives was about 8.0. Familial NPC is usually poorly differ-
entiated, and mostly associated with elevated levels of antibodies to EBV. The 
serum levels of antibodies can help to screen for patients at high risk for the devel-
opment of NPC. Nevertheless, epidemiologic studies suggest that most of the 
familial aggregation of NPC derives from inherited susceptibility [28]. The molecu-
lar genetic basis of nasopharyngeal carcinomas, however, remains unknown, but 
there is evidence for the linkage of these tumors to chromosome 3p.  
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  Hereditary  medullary thyroid carcinoma  ( MTC ) and  familial nonmedullary thyroid 
carcinoma  ( FNMTC ) account for approximately 20 and 5%, respectively, of all 
patients with medullary and  papillary thyroid carcinoma  ( PTC ). For MTC, a germ-
line mutation of the  rearranged during transfection  (  RET  ) proto - oncogene associ-
ated with multiple endocrine neoplasia 2A was described in 1993. Mutations of 
the  RET  proto - oncogene, localized on chromosome 10q11.2, are inherited in an 
autosomal dominant pattern. Genetic testing for  RET  proto - oncogene mutations 
enables identifi cation of individuals at risk of developing MTC. For carriers of 
intermediate or high - risk  RET  oncogene mutations, prophylactic thyroidectomy is 
recommended during childhood. For symptomatic MTC, thyroidectomy and sys-
tematic compartment - oriented cervicocentral and cervicolateral neck dissection 
provides the best results for biochemical cure. 

 FNMTC is mostly found in patients with PTC. The genetic inheritance of 
FNMTC remains unknown, but it is believed to follow an autosomal dominant 
pattern with incomplete penetrance. In FNMTC families, some of the members 
are affected by thyroid carcinoma, while others present with non - malignant multi -
 nodular goiter. As seen in patients with hereditary MTC, hereditary PTC tends to 
be multifocal and bilateral. The biological behavior of FNMTC tends to be more 
aggressive than the sporadic form. In FNMTC, cervical lymph node involvement 
and distant metastases are found more frequently than in sporadic PTC. Surgery 
for FNMTC includes total thyroidectomy, and a prophylactic central neck dissec-
tion (level VI).      

  9.1 
 Introduction 

 Thyroid carcinoma is an uncommon malignancy. For the U.S. population, 
the life - time risk of being diagnosed with thyroid carcinoma is about 1%  [1] . 

Summary
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Approximately 33   550 new cases of thyroid carcinoma were diagnosed in the 
United States in 2007. The estimated death rate from thyroid carcinoma was 2320 
persons  [2] . 

  Papillary  ( PTC ) and  follicular thyroid carcinomas  ( FTC ) develop from thyroid 
follicular cells. PTC is the most common form of thyroid cancer with the best 
prognosis, especially in patients younger than 45 years. PTC may be induced 
by previous radiation to the head and neck, as demonstrated after the nuclear 
accident in Chernobyl in 1986. Younger age at the time of the nuclear accident 
( ≤ 8 years) was associated with more aggressive tumors, more lymph node involve-
ment, and distant metastases  [3] . Ten - year survival rates for PTC are more than 
90%  [4, 5] . 

 FTC occurs mostly in elder patients and develops more frequently hematogenic 
metastases in the lungs and bones. The minimal - invasive form of FTC has an 
excellent prognosis. Other forms of FTC, such as highly invasive FTC, Hurthle 
cell carcinomas, or insular carcinomas, show an extensive invasion of blood 
vessels, develop distant metastases more frequently, have higher mortality rates 
 [6, 7],  and show a lower I 131  uptake  [8] , which is essential for radioiodine ablation. 
Ten - year survival rates for FTC are about 85 and 76% for Hurthle cell carcinomas, 
respectively  [4] . 

 Only about 5% of all thyroid carcinomas are  medullary thyroid carcinomas  
( MTC ). MTC originates from the neuroendocrine parafollicular or  calcitonin -
 producing cells  ( C - cells ). The highest number of C - cells in the thyroid gland is 
found in the upper poles. C - cells secrete calcitonin, which is the most sensitive 
and specifi c marker for MTC. Routine measurement of calcitonin in patients 
with thyroid nodules is recommended by some authors  [9]  to detect MTC. Regional 
lymphatic spread occurs in early stages into the lymph nodes around the trachea, 
the oesophagus, the jugular chain, and the upper mediastinum  [10] . MTC is 
found in a sporadic and three hereditary forms. Sporadic MTC accounts for 
approximately 80% of all cases of the disease. The remaining 20% are inherited 
tumor syndromes, such as endocrine neoplasia type 2A (MEN 2A), MEN 2B, 
or familial MTC (FMTC). Overall, 10 - year survival rates for MTC are 83 to 87% 
 [9, 11] .  

  9.2 
 Hereditary Medullary Thyroid Carcinoma 

 In 1957 MTC was described for the fi rst time by Hazard, Hawk, and Crile  [12] . 
Familial forms of MTC (Table  9.1 ) are inherited in an autosomal - dominant 
pattern. In MEN 2A, patients develop multifocal, bilateral MTC associated with 
neoplastic C - cell hyperplasia. Approximately 40% of these patients develop pheo-
chromocytomas, which may be bilateral. In 10 to 20% of the patients with MEN 
2A, primary hyperparathyroidism, mostly caused by a hyperplasia of all four para-
thyroid glands, is found. In MEN 2B, all patients develop neural gangliomas in 
the mucosa of the digestive tract, including lips and tongue  [13] . Other associated 



 9.2 Hereditary Medullary Thyroid Carcinoma  171

diseases are skeletal abnormalities and megacolon. MEN 2B syndrome has a very 
early onset of MTC in infants. In FMTC, MTC is found without other endocri-
nopathies  [14] .   

 Recently, after genetic examination of living relatives, Neumann  et al .  [15]  dem-
onstrated that the 18 - year - old female patient mentioned in the fi rst description of 
pheochromocytoma in the literature in 1886, had multiple endocrine neoplasia 
type 2. 

  9.2.1 
 Genetic Testing for  MEN  2 A ,  MEN  2 B  and  FMTC  

 In 1993, Mulligan  et al .  [16]  and Donis - Keller  et al .  [17]  described a germline 
mutation of the   RET   (  rearranged during transfection  ) proto - oncogene associated 
with multiple endocrine neoplasia 2A. The  RET  proto - oncogene, localized on 
chromosome 10q11.2, encodes a transmembrane receptor for a neurotrophic 
factor with tyrosine kinase activity. In MEN 2A and FMTC, mutations have been 
identifi ed mostly in the cysteine - rich extracellular domains of exons 10, 11, and 
13. In MEN 2B, mutations are found within the intracellular exons 14 – 16. Muta-
tions affecting the extracellular domain of the  RET  oncogene are located in exon 
10 (codons 609, 611, 618, and 620) and exon 11 (codons 630 and 634). Mutations 
affecting the intracellular domain are found for exons 13 (codons 768, 790, and 
791), exon 14 (codon 804), exon 15 (codon 891), and exon 16 (codon 918). Overall, 
mutations of the  RET  proto - oncogene are found in up to 95% of kindreds with 
MEN 2A. According to the  NCCN (National Comprehensive Cancer Nerwork) Clini-
cal Practice Guidelines in Oncology   [18] , genetic testing for  RET  proto - oncogene 
mutations should be encouraged in all newly - diagnosed patients with MTC, as 
well as for screening children and adults in known kindreds with inherited MTC. 
At least two independently obtained blood samples should be tested in different 
laboratories to minimize the likelihood of false results, which are described as 
3 to 5%  [19] .  

 Table 9.1     Clinical features of sporadic and hereditary  MTC . 

      MTC    Inheritance pattern    Associated diseases  

  Sporadic MTC    Unifocal    None    None  
  MEN 2A    Multifocal, bilateral    Autosomal dominant    Pheochromocytoma  

  Primary hyperparathyroidism  
  MEN 2B    Multifocal, bilateral    Autosomal dominant    Pheochromocytoma  

  Mucosal neuromas  
  Megacolon  
  Muscoskeletal abnormalities  

  FMTC    Multifocal, bilateral    Autosomal dominant    None  
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  9.2.2 
 Genotype - Phenotype - Correlation 

 The most common form of hereditary MTC is a mutation in codon 634, which is 
responsible for 85% of all hereditary MTC in MEN 2A. With this mutation, an 
almost 100% genotype - phenotype correlation is described. Other mutations (Table 
 9.2 ), as for example, mutations in codon 790/791 (Figure  9.1 ), show a various 
penetrance  [25] . Carriers of  RET  mutations in codon 634 not only have a higher 
penetrance of developing MTC, but have a higher risk of developing pheochromo-
cytomas and hyperparathyroidism, as compared to carriers of other mutations of 
the extracellular domain of the  RET  proto - oncogene  [26 – 28] .     

 Studies on larger series of patients with hereditary MTC classifi ed the various 
mutations of the  RET  proto - oncogene in groups with low, intermediate, and high 
risk of developing MTC (Table  9.2 ). The various mutations of the  RET  proto - 
oncogene not only differ in the aggressiveness and prognosis of hereditary MTC, 
but also in age of manifestation of the tumor. The EUROMEN study  [29]  showed 
that carriers of mutations affecting the extracellular domain of the  RET  proto -
 oncogene signifi cantly differed in age of manifestation of MTC. In carriers of 
extracellular mutations, lymph node - negative MTC developed signifi cantly earlier 
than in carriers of intracellular mutations (10.2 versus 16.6 years).  

  9.2.3 
 Surgical Management for Hereditary  MTC  

 Surgery for hereditary MTC has completely changed with the constantly increasing 
knowledge of the different forms and mutations of the disease. S.A. Wells Jr. was 

 Table 9.2     Risk - group assessment of hereditary  MTC  according 
to the localization of the mutation. 

   Author      Low risk 
(Codons)   

   Intermediate risk 
(Codons)   

   High risk 
(Codons)   

  Brandi  et al . (2001)   a     [20]     609, 768, 790, 791, 
804, 891  

  611, 618, 620, 634    883, 918, 922  

  Machens  et al . (2001)   b     [21]     768, 804    611, 620, 790    618, 634  

  Yip  et al . (2003)   a     [22]     609, 804, 891    611, 618, 620, 634    918  

  Gimm  et al . (2004)   b     [23]     768, 791    620, 790, 891    611, 618  

  Frank - Raue  et al . (2006)   b     [24]     790, 791, 804, 891    618, 620, 630, 634    Not included  

    a  Publication presents the results of MEN 2A and MEN 2B.  
   b  Publication presents the results of MEN 2A only.   
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    Figure 9.1     Pedigree of a family with FMTC and a mutation in codon 790.  

the fi rst surgeon to translate the results of molecular testing for mutations of 
the  RET  proto - oncogene into surgery. In 1994, he published the fi rst results of 
thyroidectomy in 13 carriers of mutations of the extracellular domain of the  RET  
proto - oncogene  [30] . Each of the resected thyroid glands showed either neoplastic 
C - cell hyperplasia or MTC. Postoperative stimulated calcitonin levels (Pentagastrin 
test) were within the normal range in all of the patients. About 6 to 11% of patients 
without a family history of hereditary MTC carry a germline mutation in  RET,  
leading to the identifi cation of new kindreds  [31, 32] . The detection of a  RET  
oncogene mutation helps to identify family members at risk of developing MTC, 
which might be cured by prophylactic surgery at an early stage of the disease. The 
 NCCN Practice Guidelines in Oncology   [18]  recommend that  “ even with patients 
who have apparently sporadic disease, the possibility of MEN 2 should dictate that 
a  RET  proto - oncogene mutation is proven to be absent, or that hyperparathyroid-
ism and pheochromocytoma should be excluded preoperatively ” . 

 Thyroidectomy in carriers of  RET  mutations without preoperative evidence of 
MTC is called prophylactic thyroidectomy. In addition, it may be combined with 
systematic cervicocentral lymphadenctomy. Table  9.3  shows a selection of publica-
tions on the results of prophylactic surgery in hereditary MTC. An ongoing discus-
sion exists about the best time for prophylactic surgery. The youngest patient with 
a mutation in codon 918, reported in the literature with MTC was 9 months old 
 [29] . MTC with lymph node involvement in MEN 2 B was found in a 2.7 year - old 
patient  [37]  and distant metastases in a 5 - year - old patient  [38] . In MEN 2A and 
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FMTC, the youngest patient with MTC was 1 year old  [39]  and the youngest patient 
with lymph node metastases was 5 years old  [40] . Distant metastases were not 
found before the age of 22 years  [38] . The onset of MTC in carriers for low risk 
mutations (codons 768, 790, 791, and 891) is even later than for the intermediate 
risk group as mentioned above. Only one 6 - year - old patient with a mutation in 
codon 804 developed metastatic MTC and died from this disease at the age of 12 
years  [41] .   

 The international consensus statement of 2001  [20]  recommends thyroidectomy 
for gene carriers of  RET  proto - oncogene mutations within the fi rst year of life for 
MEN 2B (mutations in codons 883, 918, and 922), and before the age of 5 years 
for MEN 2A and intermediate or high risk mutations (codons 609, 611, 618, 620, 
630, and 634). For patients with low - risk mutations (codons 768, 790, 791, 804, 
and 891), thyroidectomy should be performed before the age of 10 years, with one 
reported exception of one child with a fatal course of MTC at 6 years  [29, 42] . In 
long - term studies  [24, 43] , prophylactic thyroidectomy for hereditary MTC provides 
excellent results with biochemical cure rates (= normalization of basal and stimu-
lated calcitonin levels) of 62 to 83%. Additional lymph node dissection is recom-
mended for carriers of the highest risk mutations in codon 918 (MEN 2B syndrome). 
For high - risk mutations in codon 634, lymphadenctomy is recommended from 
the age of 5 years, and at 10 years for mutations in codons 609, 611, 618, 620, and 
630  [42] . 

 For symptomatic hereditary and sporadic MTC with elevated calcitonin levels, 
thyroidectomy and systematic compartment - oriented cervicocentral and cervico-

 Table 9.3     Results of prophylactic thyroidectomy in gene carriers of hereditary  MTC . 

   Author (year)      Number of 
patients   

   Histopathology      Biochemical 
cure   

  Wells  et al . (1994)  [30]     13    7 MTC, 6 CCH    100%  

  Skinner  et al . (1996)  [33]     14    11 MTC, 3 CCH    96%  

  Frank - Raue  et al . (1997)  [34]     11    6 MTC, 5 CCH    100%  

  Dralle  et al . (1998)   a     [35]     75    46 MTC, 29 CCH    96%  

  Niccoli - Sire  et al . (1999)   a     [36]     71    66 MTC, 5 CCH    76%  

  Skinner  et al . (2005)  [37]     50    33 MTC, 17 CCH or 
normal thyroid gland  

  62%  

  Frank - Raue  et al . (2006)  [24]     46    26 MTC, 18 CCH, 2 
normal thyroid gland  

  83%  

    a  Multicenter trial.   



 9.2 Hereditary Medullary Thyroid Carcinoma  175

lateral neck dissection  [44, 45]  is recommended by the German Cancer Society 
 [46] . The  NCCN Guidelines for Thyroid Carcinoma   [18]  recommend a central neck 
dissection (level VI) for patients with MEN 2A and an increased stimulated calci-
tonin level. A cervicolateral lymph node dissection (levels II to V) is suggested for 
MTC  ≥ 1   cm or larger in diameter,  ≥ 0.5   cm for MEN 2B, or patients with positive 
lymph nodes in the central compartment. The problem of the latter recommenda-
tion is, however, that lymph node metastases may occur only in the cervicolateral, 
but not in the central compartment of the neck (so - called skip metastases). 
Machens  et al .  [47]  found a frequency of 21.3% of skip metastases in patients with 
MTC. In contrast to the results of prophylactic surgery in carriers of  RET  proto -
 oncogene mutations, a normalization of basal and stimulated calcitonin levels is 
achieved in patients with symptomatic MTC in experienced centers in 40 to 49% 
of the cases  [11, 48 – 50] . Biochemical cure rates for MTC strongly depend on the 
presence of regional lymph node metastases. Ukkat  et al .  [50]  described normal 
basal and stimulated calcitonin levels in 89% of the patients without lymph node 
involvement, as compared to only 27% of the patients with involved nodes. If more 
than 10 lymph nodes are involved, biochemical cure of MTC seems almost to be 
impossible  [51] . 

 In persistent or recurrent MTC, the chance for biochemical cure is regarded as 
small. Even in very specialized centers of endocrine surgery, only in 28% of these 
patients  [52]  basal and stimulated calcitonin levels decreased into the normal 
range.  

  9.2.4 
 Postoperative Management and Prognosis of Medullary Thyroid Carcinoma 

 Measurement of basal and stimulated serum calcitonin is considered to be the 
best postoperative assessment for residual disease or tumor recurrence in MTC. 
During the fi rst years postoperatively, serum calcitonin should be measured every 
6 months. Neck ultrasound of the thyroid bed and cervical lymph nodes should 
also be performed. In patients with MEN 2A or 2B syndromes, annual screening 
for pheochromocytoma or hyperparathyroidism is recommended. 

 If postoperative calcitonin levels remain elevated or increase, and residual 
disease in the neck is unlikely, a CT scan of the chest and the abdomen or 
MRI may help to detect distant metastases. Since liver metastases of MTC are 
usually very small, Quayle  et al .  [53]  recommend the use of diagnostic laparos-
copy to confi rm this diagnosis. Giraudet  et al .  [54]  recently evaluated 55 consecu-
tive patients with persistent elevated calcitonin levels, and concluded that the 
most effi cient imaging work - up for depicting MTC tumor sites would consist 
of a neck ultrasound, chest CT, liver MRI, bone scintigraphy, and axial skeleton 
MRI. 

 Despite the early progression into the cervical lymph nodes, the prognosis of 
MTC is considered to be favorable. For MTC, 10 - year survival rates are described 
between 83 to 87%  [9, 11]  and therefore regarded to be very satisfactory, even if 
biochemical cure rates tend to be much lower.   
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  9.3 
 Familial Nonmedullary Thyroid Carcinoma 

 Familial nonmedullary thyroid carcinoma (FNMTC) is defi ned by the presence of 
thyroid carcinomas of follicular origin in two or more fi rst - degree relatives without 
another familial syndrome. Familial syndromes associated with PTC are Gardner ’ s 
syndrome, familial adenomatous polyposis  [55] , the Carney complex  [56],  and 
Cowden ’ s syndrome  [57] . FNMTC accounts for about 5.0 to 6.2%  [58 – 60]  of all 
 nonmedullary thyroid cancers  ( NMTC ). In a hospital - based case control study, Pal 
 et al .  [60]  described the relative risk for NMTC as 10 - fold higher in relatives of 
cancer patients than in the control group. Histologically, PTC is found in more 
than 90% of the FNMTC cases  [61]  (Figure  9.2 a and b). Benign thyroid disorders, 
such as multinodular goiter and Hashimoto ’ s thyroiditis, are found frequently in 
patients with FNMTC and their relatives.   

 The genetic inheritance of FNMTC remains unknown, but is believed to follow 
an autosomal dominant pattern with incomplete penetrance and variable expres-
sivity  [58 – 60, 62, 63] . Canzian  et al .  [64]  identifi ed a gene located on chromosome 
19q13.2, named TCO1 (thyroid tumors with cell oxyphilia), which was detected in 
a French family with multinodular goiter and oxyphilic PTCs. In 2001  [65] , TCO1 
was found in a British family with FNMTC. 

 In patients with FNMTC, most PTCs tend to be multifocal and bilateral  [59, 61, 
66, 67] . FNMTC shows more extracapsular and vascular invasion  [59, 61, 66]  and an 
early lymph node involvement  [59, 67] . Lupoli  et al .  [59]  described 2 of 7 patients 
with familial papillary microcarcinoma (8 and 10   mm in diameter), who developed 
local recurrence, and another patient with pulmonary metastases who died from 
FNMTC. Several studies  [59, 61, 66 – 68]  report that the biological behavior of FNMTC 
is more aggressive than the sporadic form. Triponez  et al .  [69]  described that the 
cumulative survival was signifi cantly shorter for families with three or more affected 
family members, as compared to families with only two affected members. 

    Figure 9.2     37 year - old patient with FNMTC and a multifocal 
papillary thyroid carcinoma with multiple characteristic 
interspensed PSAmmon bodies in the left thyroid lobe 
(PT1N1MO). (Prof. Dr. T.F.E. Barth, Department of Pathology, 
University of Ulm, Germany) . 
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 Surgery for FNMTC should consist of total thyroidectomy, regardless of the size 
of the tumor. Even small lesions less than 1   cm in diameter can be associated with 
multifocal disease, vascular invasion, lymph node metastases, and local recur-
rence. A prophylactic central neck dissection is recommended in patients with 
FNMTC  [70] . If there are suspicious lymph nodes in the lateral compartment of 
the neck, an additional cervicolateral modifi ed - radical lymphadenectomy should 
be performed. 

 When two or more family members of kindreds with FNMTC have been 
iden tifi ed, one of the most important considerations is how to screen patients 
at risk for FNMTC. Since familial thyroid carcinomas are often very small, 
neck ultrasound provides the best results to detect and describe thyroid 
nodules as well as pathologically enlarged lymph nodes. Uchino  et al .  [67]  
found at least one thyroid nodule in 52% of symptom - free family members of 
patients with FNMTC. Ten percent (15/149) of these individuals were subse-
quently diagnosed with thyroid cancer. The average tumor diameter was 9.1   mm 
(3 – 21   mm).  
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  Whilst the hereditary components of many tumors are well described, this is not 
the case for thoracic malignancies and much work is ongoing in this area. A strong 
family history is rare but there is increasing evidence that testing for polymor-
phisms, especially for genes involved in detoxifi cation and DNA repair, may one 
day be used to identify those at risk of lung cancer. In those that develop lung 
cancer, polymorphism status could be combined with tumor characteristics to 
design customized treatment regimens.      

  10.1 
 Introduction 

 Lung cancer is one of the commonest forms of cancer, with an incidence of over 
a million new cases annually worldwide. Lung cancer contributes to one - third of 
cancer deaths, with only 2% of patients surviving 5 years from diagnosis. Cigarette 
smoking accounts for over 85% of lung cancers. However, some people are life -
 long heavy smokers and never develop the disease; conversely, a signifi cant pro-
portion of people who develop lung cancer have never smoked  [1] . Passive smoking 
increases the risk in non - smokers by about 20%  [2] , and it is uncertain in what 
proportion of non - smokers this may be the attributable factor. There do appear to 
be other factors infl uencing the development of the disease, such as asbestos 
exposure, air pollutants, radiation exposure, dietary factors, and immunosuppres-
sion. Possible genetic reasons for increased lung cancer susceptibility will be dis-
cussed in this chapter. The patterns of lung cancer in families and candidate 
polymorphisms are detailed. Other areas of interest are that women are more 
susceptible, dose - for - dose, to the adverse effects of tobacco smoke  [3] , and that 
there may be a genetic contribution to nicotine addiction, treatment response, and 
treatment toxicity.  

Summary
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  10.2 
 Familial Aggregation Studies of Lung Cancer 

 Many reports have described clustering of lung cancer cases in families. The risk 
of lung cancer in fi rst - degree relatives of lung cancer patients is raised 1.3 - fold to 
3 - fold compared to controls, after allowing for tobacco use  [4 – 6] . Segregation 
analyses have revealed evidence that the familial aggregation is likely due to 
co - inheritance of few genetic factors  [7, 8] , though some have found evidence of 
clustering due to environmental effects only  [9] . There are also associations with 
increased risk of other tumors, such as breast cancer  [10, 11]  and other smoking 
related cancers  [12] . Some cancer syndrome families, such as those with retino-
blastoma gene mutations or Li Fraumeni syndrome, are at increased risk of lung 
cancer  [13] . 

 The main evidence cited against lung cancer having a high heritable component 
is based on a review of twin studies and cancer  [14] . When comparing  monozygote  
( MZ ) and  dyzygote  ( DZ ) twin risk of lung cancer in fi ve studies, the DZ twins 
frequently had a higher risk than the MZ twins, which is not expected if a strong 
genetic component exists. However, though an interesting trend, these studies 
relied on small numbers and within individual studies the risks for MZ and DZ 
twins were generally not signifi cantly different. The strongest evidence to date for 
a high heritable component comes from a population based study in Iceland  [15] . 
Researchers were able to link all records on 2756 lung cancer cases diagnosed 
between 1950 and 2002 to their extensive genealogical database. They found sig-
nifi cantly raised risks of lung cancer in fi rst - , second - , and third - degree relatives. 
By also studying the risk of lung cancer but using smoker probands, they were 
able to show that the raised risks in relatives were signifi cantly higher than 
expected for smoking alone. They also confi rmed higher familial risks in relatives 
of early onset cases. 

 The evidence from familial aggregation studies for the involvement of major 
susceptibility genes in lung cancer suggests a similar contribution to that observed 
for other common cancers, such as breast and prostate. The lack of family - based 
linkage studies in lung cancer is partly due to the diffi culty in collecting suffi ciently 
large families because the prognosis is so poor. The largest linkage study reported 
to date, using 52 families, found evidence of a major lung cancer gene mapping 
to chromosome 6q23 – 25  [16] . This work was done on the most powerful collection 
available of family - based material through a large consortium and thus far has not 
been confi rmed. 

 Progress in mapping major genes in lung cancer has been slow because of the 
diffi culty in collecting suffi cient family - based material. However, research into the 
genetic epidemiology of other common cancers has revealed a likely role for 
common low penetrance alleles. Such low penetrance genetic effects are more 
effi ciently detected through candidate gene association studies requiring large 
samples of unrelated cases and controls, and this type of study has been possible 
in lung cancer. A review of these studies follows.  
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  10.3 
 Polymorphisms 

 Many candidate  single nucleotide polymorphisms  ( SNPs ) have been identifi ed for 
lung cancer and the best documented are summarized in Table  10.1 . We will 
discuss those that appear to be of most importance in detail.   

  10.3.1 
 Detoxifi cation Genes 

 Detoxifi cation genes metabolise a wide range of carcinogens. The most important 
detoxifi cation gene for lung cancer seems to be cytochrome P450 CYP1A1. CYP1A1 
is a phase I enzyme which metabolises polycyclic aromatic hydrocarbons in ciga-
rette smoke. Polymorphisms in CYP1A1 lead to increased metabolism of these 
hydrocarbons, producing more of the highly reactive metabolites. Polymorphisms 
in CYP1A1 have been associated with an increased risk of lung cancer by some 
 [18, 19] , but others have not confi rmed this  [20] . Others have reported that poly-
morphisms in CYP1A1 are associated with the development of lung cancer in  “ low 
risk groups ” : that is younger people, defi ned as those below 45 years of age (MspI), 
never smokers (462   Val), and women (462   Val)  [21 – 24] . CYP1A1 polymorphisms 
may occur in association with null genotypes of  glutathione - S - transferase  ( GST ) 
M1 and GSTT1, which are involved in the detoxifi cation of diol epoxide metabo-
lites that are the breakdown products of polycyclic aromatic hydrocarbons  [21, 22] . 
Other members of the cytochrome P450 superfamily metabolize 60% of pre-
scribed drugs and are important in drug toxicity, for example, toxicity associated 
with non - steroidal anti - infl ammatory drugs, proton pump inhibitors, and the cyto-
toxic agents, ifosfamide, cyclophosphamide, and paclitaxel  [25] . However, the sig-
nifi cance of CYP1A1 in drug toxicity is uncertain. The correlation between other 
CYP family members and lung cancer susceptibility is less clear. CYP1B1 is associ-
ated with increased lung cancer susceptibility in Caucasians who have never 
smoked  [26] . The CYP3A4 * 1B allele has been linked to an increased SCLC risk 
and this risk is eight - fold in women smokers  [27] . Interestingly, CYP2A6 mediates 
approximately 90% of the inactivation of nicotine to cotinine and CYP2A6 poly-
morphism is thought to predispose to nicotine addiction  [28] . 

  NAD(P)H - quinone oxidoreductase 1  ( NQO1 , also known as DT - diaphorase) is 
a phase II enzyme involved in the detoxifi cation of quinones, whether they are 
environmental, dietary, or cytotoxic. The detoxifi cation step bypasses the formation 
of free radicals and so protects tissues against mutagens, carcinogens, and cytotox-
ics. There are confl icting data about whether the NQO1 * 2 polymorphism is 
increased in those with lung cancer  [29, 30] . The NQO1 * 2 polymorphism may also 
be associated with an increased risk of chemotherapy - related myeloid leukemia, 
including those leukemias associated with abnormalities in chromosomes 5 and 
7  [31] , greater likelihood of carcinogen - induced skin and visceral tumors  [32],  and 
higher susceptibility to quinone toxicity  [33] . 
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 Table 10.1     Candidate  SNP  s  for lung cancer (from literature search, with majority from  [17]).    

   Detoxifi cation   

  CYP1A1, CYP1B1, CYP3A4, CYP2A6  
  GSTM1, GSTT1  
  NQO1  
  MPO  

  NAT  
  MEH  
  EPHX1  

   DNA repair   

  ERCC1, ERCC6  
  XPD (ERCC2)  
  XRCC1, XRCC4, XRCC5  
  BRCA2  
  MSH4, MSH5  

  Serine hydroxymethyltransferase  
  GPX1  
  hOGG1  
  CHD1L  

   Others   

  BARD1  
  DATF1  
  THBS1  
  Interleukins (IL - 1A, IL - 1B, IL - 13)  
  MMPs (MMP1 – 3, MMP12)  
  p53  
  MDM2  
  ABCB1, ABCC2  
  BAT3, BAT4  
  CAMKK1  
  AKAP9, AKAP10  
  NRIP1  
  PPAT  
  DKK3  
  GHR  
  DUSP23  
  PYCRL  
  AKR7A3  
  SULT1E1  
  HIF1AN  
  ITGA11  
  CER1  
  WLN  
  GTFRE1  
  CDH12  
  ZNF624, ZNF24, ZNF600  
  COL12A1  
  SFTPD  
  GPAM  

  POP1  
  IGFBP5  
  GRIK1  
  IL17RB  
  MS4A6A  
  SETDB2  
  DHX16  
  PHACS  
  GUCY2D  
  GH1  
  ITGA7  
  SERPINI2  
  RB1CC1  
  TBX10  
  CFTR  
  ATF1  
  TNC  
  PLCD1  
  TLR1  
  HUS1B  
  FGFRL1  
  PTPN13  
  GHR4  
  GPR68  
  FASN  
  PFAS  
  EPX  
  APOH  
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  Myeloperoxidase  ( MPO ) is a lysosomal protein in white blood cells that can 
transform environmental precarcinogens into highly reactive intermediaries  [25] . 
The MPO - 463A polymorphism has been associated with a decreased risk of lung 
cancer  [34] ; this reduction may principally occur in SCLC  [35] . 

   N  - acetyltransferases  ( NATs ) conjugate environmental and dietary toxins and 
drugs, such as the anti - tuberculosis drug isoniazid. Slow conjugators are at 
increased risk of both drug toxicity and the development of cancer, including 
bladder cancer and colorectal carcinoma  [25] . With regard to smoking, it is hypo-
thesized that rapid acetylators detoxify arylamines in cigarette smoke more effec-
tively so that fewer free radicals are left to initiate carcinogenesis. Individuals with 
a combined NAT1 fast/NAT2 slow genotype have been shown to have a signifi -
cantly elevated risk of adenocarcinoma of the lung (two - fold) compared with other 
genotype combinations  [36] .  

  10.3.2 
  DNA  Repair Genes 

 DNA repair is critical to protect the integrity of DNA against environmental 
factors, including carcinogens in cigarette smoke. The most important part of this 
is the  nucleotide excision repair  ( NER ) pathway, which is involved in tobacco -
 related adduct clearance and resistance to cisplatin. 

  Excision repair cross - complementing 1  ( ERCC1 ) is a major component of the 
NER pathway and there is a growing body of evidence that ERCC1 mRNA levels 
in tumors are important in NSCLC, possibly through ERCC1 stabilizing mRNA 
 [37, 38] . ERCC1 polymorphisms, such as C8092A, may predict for increased sur-
vival in NSCLC patients treated with platinum - based chemotherapy  [39] . Others 
disagree, saying that ERCC6 is associated with lung cancer risk, whereas ERCC1 
and ERCC3 are not  [40] . 

  Xeroderma pigmentosum D  ( XPD ), also known as ERCC2, encodes for a DNA 
helicase and is also part of the NER repair pathway. Both the XPD 751Gln and 
312Asn polymorphisms are associated with increased lung cancer risk  [41, 42] . 
The 312Asn polymorphism results in signifi cantly reduced survival in advanced 
NSCLC, and a non - signifi cant trend towards treatment response with gemcitabine -
 cisplatin chemotherapy  [43] . 

  X - ray cross complementing group 1  ( XRCC1 ) is a member of the  base excision 
repair  ( BER ) pathway. It acts as a scaffold protein through physical interaction 
with ligase III and poly(ADP - ribose) polymerase. The XRCC1 280His polymor-
phism is associated with an increased risk of lung cancer  [44] . Patients with 
NSCLC and the XRCC1 399   Gln polymorphism may have a longer median survival 
time after platinum - based chemotherapy than those without the polymorphism 
 [45] .  
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  10.3.3 
 Others 

 Polymorphisms implicated in lung cancer risk in apoptosis - related genes include 
 BRCA1 associated RING domain 1  ( BARD1 ) and  death associated transcription 
factor 1  ( DATF1 ). Further genes involved in the growth hormone/insulin - like 
growth factor pathway, which regulates cellular proliferation and apoptosis, may 
also be involved  [17] . 

 Angiogenic activity may be infl uenced by polymorphisms in pro - angiogenic and 
anti - angiogenic proteins  [46] . The N700S polymorphism of the anti - angiogenic 
molecule, thrombospondin (THBS1) is associated with lung cancer  [17] . 

 A dysregulated infl ammatory response to tobacco - induced lung damage may 
promote carcinogenesis. Polymorphisms in the genes encoding  interleukin  ( IL ) -
 1A and IL - 1B are linked with increased lung cancer risk  [47] . 

 MMPs are a family of more than 20 proteolytic enzymes that degrade the extra-
cellular matrix. The MMP1 G - 1607GG, MMP2 C - 1306T, and MMP3 6A - 1171 – 5A 
polymorphisms increase the risk of lung cancer, especially in heavy and current 
smokers  [48 – 50] . Neutrophil elastase activates MMPs; polymorphisms in the pro-
motor region are implicated in lung cancer development  [51] . 

 The p53 tumor suppressor gene can be mutated in all types of cancer. Several 
polymorphisms in the p53 gene have been reported but the signifi cance of these 
at the present time is poorly understood  [40] . Mutations in p53 may co - exist with 
other gene polymorphisms, such as XRCC1 399Gin variant  [52] .  Mouse double 
minute 2  ( MDM2 ) is a negative regulator of p53. The SNP polymorphism of 
MDM2 is associated with a 1.27 - fold increased risk of lung cancer and it is postu-
lated that it may modify the time of tumor onset and prognosis  [53] .   

  10.4 
 Genome Wide Association Studies 

 Technological advances have enabled the leap from candidate gene association 
studies, where only several polymorphisms within a gene are considered by 
 genome - wide association  ( GWA ) panels consisting of up to 500   000 SNP markers. 
These studies require thousands of cases and controls and provide a means of 
identifying the strongest effects followed up by replication studies often using 
common marker platforms. Early results from these studies for other common 
diseases are promising. At the moment these studies focus on the use of SNPs 
but other forms of genome - wide variation such as copy number variants will 
be considered in future designs. As mentioned earlier, a large - scale genetic 
association study considering variation within 871 candidate genes reported evi-
dence for association with variants in genes in the GH - IGF axis  [17] . These 
results need confi rmation from larger panels of SNPs and GWAs.  



  10.5 
 Other Thoracic Tumors 

 This chapter has focused on lung cancer as the data for other thoracic tumors are 
limited. Mesothelioma is an infrequently occurring tumor but its incidence is 
increasing and its prognosis is also poor. Familial clustering of mesothelioma has 
been documented but the relevance of hereditary susceptibility is uncertain, as 
most family members have a shared asbestos exposure, due to work or home 
contamination  [54, 55] . It has been suggested that hereditary mesothelioma occurs 
in those with connective tissue disorders, such as Ehlers – Danlos syndrome and 
Marfan ’ s syndrome  [56, 57] . Thymoma is even rarer and at this time there are no 
known hereditary characteristics.  

  10.6 
 Future Directions 

 Further work on polymorphisms in lung cancer should be performed, following 
leads from the large GWA studies, in the setting of large prospective studies, as 
these results will be meaningful for the general population. Such an approach will 
likely involve testing the interaction between multiple polymorphisms  [58] , as 
single polymorphisms tend to be associated with an increased risk of less then 
ten - fold. It will be necessary to incorporate new candidate polymorphisms as they 
are described. 

 With these results, it may be possible to reduce the lung cancer risk in suscep-
tible individuals through appropriate interventions, such as smoking cessation and 
chemoprevention. For example, slow conjugators could be treated with drugs to 
increase conjugation. In addition, the importance of SNPS on treatment response 
and toxicity must be clarifi ed for those treated with radiotherapy and novel agents, 
as well as cytotoxic chemotherapy.  

  10.7 
 Conclusions 

 Much work is ongoing to try and determine the importance of hereditary factors 
in lung cancer. As with other common malignancies, a strong family history is 
rare but there is increasing evidence that testing for polymorphisms, especially in 
those genes involved in detoxifi cation and DNA repair, may one day be used to 
identify those at risk of lung cancer. In those that develop lung cancer, polymor-
phism status could be combined with information from tumors to design custom-
ized treatment regimens.  
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  Multidisciplinary counseling enables patients to make an informed decision on 
molecular genetic testing of the  BRCA1  and  BRCA2  breast cancer susceptibility 
genes. The offer of molecular genetic testing and preventive options depend on 
pedigree analysis and risk calculation. It is generally agreed that a mutation detec-
tion risk of  ≥ 10% is a prerequisite for coverage by regular health care. In the GC -
 HBOC, the pseudonymous documentation of 5500 families (up to January 2008) 
in a centralized database has led to the compilation of empirically - based inclusion 
criteria with an overall mutation detection rate of 25%. Preventive options exist 
that reduce morbidity and mortality in  BRCA  mutation carriers and should be 
offered to these women in tertiary care centers. Chances and risks have to be dis-
cussed in detail in order to allow the counselee an individual and sustainable 
shared decision. The next challenges will be: (1) the introduction of new molecular 
targets into treatment and medical prevention of  BRCA  associated tumors; and 
(2) the identifi cation of low penetrance genes and the understanding of their 
concerted action that may play a pivoral role in the development of the majority 
of breast cancers.      

  11.1 
 Introduction 

 Breast cancer is the most common form of cancer among women in Western 
countries. While 10% of all women fall ill with an average age of 63, a small group 
of women have a much higher risk of 60 to 85% of contracting the disease with 
an average age of 45. 

 The reason is usually hereditary and mostly caused by a mutation in the sus-
ceptibility genes  BRCA1  or  BRCA2 . Population - based surveys have proven that 
every 500th – 2500th woman (0.04 – 0.2%) in the general population carries such 
a predisposing mutation and every 20th women who is affected by breast cancer. 

Summary
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In a further 15%, familial clustering suggests the impact of mutations in as yet 
unknown genes that may be transmitted by a complex genetic trait. 

 Women at increased risk can be identifi ed by predictive molecular genetic 
analysis that should be preceded by interdisciplinary and non - directive counseling. 
Prophylactic surgery, preventive drugs, and intensifi ed surveillance can all be 
considered as preventive measures. Recent data suggest that  BRCA  - associated 
tumors require different chemotherapeutic regimes compared to sporadic 
tumors. 

 In the course of a cooperative research project supported by the German 
Cancer Aid, a comprehensive prevention concept for women at high risk was 
established and evaluated in 12 university - based interdisciplinary centers in 
Germany from 1997 to 2004  [1] . This concept became part of the regular health 
care in 2005. 

 In the following, the characteristics of hereditary breast cancer, the current 
prevention concept, and the recommendations of the GC - HBOC will be 
detailed.  

  11.2 
 Genetic Background 

  11.2.1 
 High Penetrance Genes 

 In about 50% of high risk families, mutations in the breast cancer genes   BRCA1   
( breast cancer gene ) or  BRCA2  are detected  [1, 2] . In a further 40 to 45% of heredi-
tary ailments, mutations in breast cancer genes not yet identifi ed are considered 
causal. The remaining hereditary breast cancer cases (5 – 10%) occur in association 
with rare syndromes that are covered in more detail by other chapters of this 
book  . 

  11.2.1.1    BRCA 1 
 The  BRCA1  gene is located on the long arm of chromosome 17 (17q21) and con-
sists of 22 encoding exons (a total of 24 exons) that generate a protein of 1863 
amino acids  [3] . So far, over 2000 unique mutations have been documented in this 
gene worldwide  [4] . Numerous individual amino acid exchanges or putative splice 
changes of uncertain signifi cance have also been identifi ed. These  unclassifi ed 
variants  ( UCVs ) require further investigations, for example, by functional assays, 
structure - based assessment, or a multifactorial likelihood - ratio model  [5 – 7] . 
However, classifi cation is cumbersome, as the majority of UCVs occur only one 
to three times. 

 In many populations, specifi c mutation spectra have been described  [8, 9] . 
A mutation profi le for the German population was drafted by the GC - HBOC 
on the basis of 5500 families tested (unpublished data). Founder mutations were 
identifi ed that had been found in other Caucasian populations, as well as popula-
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tion - specifi c changes  [1] . These results now permit targeted pre - screening of 
potential mutation carriers. 

 Much has been learned about the function of the BRCA1 protein (Figure  11.1 a). 
It interacts with a range of proteins involved in DNA repair by homologous recom-
bination, and is hence responsible for the integrity of the genome  [10] . Other 
functions of the BRCA1 protein, such as cell cycle regulation, ubiquitination, and 
chromatine remodeling, are probably also associated with DNA repair (Figure 
 11.2 )  [11] .    

  11.2.1.2    BRCA 2 
 The  BRCA2  gene is located on the long arm of chromosome 13 (13q13.1) and 
consists of 26 encoding exons (total 27 exons) responsible for forming a protein 
from 3418 amino acids  [12] . Over 1000 different pathogenic mutations have been 
found  [4] . Even more UCV have been found in the  BRCA2  compared to the  BRCA1  
gene. 

 Although the BRCA2 protein is not as intensively characterized as the BRCA1 
protein, it is clear that it also plays a role in DNA repair. It directly binds to RAD51 
and initiates homologous recombination in concert with other binding partners 
Figure  11.1   [10] .  BRCA2  was found to be identical with the  FAND1  gene, one of 

    Figure 11.1     Functional regions of the  BRCA1  and  BRCA2  genes.  
  (Reprinted from  [11]  with permission from Macmillan Publishers Ltd, 2004).  
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the genes responsible for Fanconi anaemia, an autosomal recessive disorder which 
is characterized by radiation sensitivity, skeleton anomalies, abnormal skin pig-
mentation, dwarf stature, and microophthalmia  [13] . Interestingly, while biallelic 
mutations of  BRCA2  are thus found to be viable, knockout mice provide evidence 
that biallelic mutations of  BRCA1  are embryonically lethal  [14] .   

  11.2.2 
 Low Penetrance Genes 

 Due to the failure of linkage analysis in  BRCA1/2  - negative families a polygenic 
inherited trait is the most plausible explanation, that is, the interaction of many 
genes of low penetrance. Some genes have already been identifi ed by a candidate 
gene approach, while high density  SNP  ( single nucleotide polymorphisms ) arrays 
allow  genome - wide association  ( GWA ) studies that may reveal novel genes. For 
the latter approach, high risk families constitute an enriched sample set that 
enables the use of a reasonable sample size  [15, 16] . 

  11.2.2.1    CHEK 2 
 The CHEK2 protein (checkpoint kinase 2), which regulates the cell cycle, interacts 
directly with the BRCA1 protein. An international CHEK2 consortium identifi ed 
a truncating mutation in exon 10 in approximately 5% of  BRCA1/2 -  negative fami-
lies, whereas it was found in only 1% of healthy controls  [17] . Examination of the 
complete  CHEK2  gene in  BRCA1/2  - negative families from Germany revealed 
lower mutation frequencies in the healthy and the ill. A new truncating mutation 
was also identifi ed that is not associated with any increased breast cancer risk  [18] . 
No diagnostics involving this gene are therefore currently offered.  CHEK2  may, 
however, play a role as part of a polygenic inheritance trait.  

  11.2.2.2    ATM  
 The ATM protein is instantly activated after inducing DNA damage by radiation 
and interacts with the CHEK2 protein (Figure  11.2 ). Compound heterozygosity in 
the  ATM  gene localized at chromosomal band 11q23.2 leads to the rare  Ataxia 
teleangiectasia  ( AT ) syndrome. Patients develop progressive cerebral ataxia and 
have a greatly increased risk of malignant tumors, especially lymphomas. Hetero-
zygous carriers of an  ATM  mutation have a fi ve - fold increased risk of developing 
breast cancer  [19] . Although about 0.7% of the female population are heterozygous 
carriers to date, only a few families have been identifi ed in which pathogenic 
mutations in the  ATM  gene are clearly associated with breast cancer. Research is 
still required to ascertain the pathogenic signifi cance of missense mutations in 
the  ATM  gene  [20, 21] .  

  11.2.2.3    PALP 2 
  PALP2  encodes for a BRCA2 interacting protein, which is involved in nuclear 
localization and stability of BRCA2. Biallelic  PALP2  mutations have been detected 
in a subset of Fanconi anaemia patients and  PALP2  was subsequently found to 
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be identical with  FANCN   [22] . A single association study suggests a two -  to three -
 fold higher risk in individuals with familial breast cancer compared to healthy 
controls, which needs further validation  [23] . As is true for  CHEK2  and  ATM,  
incomplete segregation in affected individuals was observed, which seems to be 
typical for low penetrance genes. 

 Besides these, multiple susceptibility alleles with low allele frequencies have 
been identifi ed that also confer moderate risk increases  [24 – 28] .   

  11.2.3 
 Genome - Wide Association Studies 

 The hypothesis free GWA approach has recently led to the identifi cation of novel 
breast cancer susceptible loci  [29, 30] . Four of these loci harbor potential causative 
genes, that is,  FGFR2, TNRC9, MAP3K1 , and  LSP1 . None of these genes appear 
to be involved in signal transduction pathways that have previously been linked to 
breast cancer. Although the minor allele frequencies are high ( > 25%), the per allele 
odds ratios only range from 1.07 to 1.26. Therefore, predictive genetic testing for 

    Figure 11.2     Complex and interaction partners of the  BRCA1  and  BRCA2  genes.  
  (Reprinted from  [11]  with permission from Macmillan Publishers Ltd, 2004).  
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these variants does not seem to be justifi ed at the moment. Future studies may 
unravel the interaction of multiple of these risk alleles and non - genetic risk factors 
that may fi nally enter the clinical arena.   

  11.3 
 Risk Calculation 

 Mutations in the  BRCA1  or  BRCA2  gene are transmitted by an autosomal domi-
nant trait. Proof of a mutation associated with the disease means that fi rst - degree 
relatives, that is, children and siblings, have a 50% risk of inheriting the mutation. 
Therefore, patients seeking advice are motivated to advise their relatives of the 
availability of tumour - genetic counseling. 

 Determining the individual genetic risk for hereditary breast and/or ovarian 
cancer requires thorough pedigree analysis. It must cover a complete family tree 
over at least three generations, diagnosis of all tumors in all relatives, age at initial 
diagnosis for all tumor patients in the family, and age and gender of all affected 
and unaffected relatives. Also, reproductive and lifestyle factors as well as earlier 
breast biopsies are considered. The data are used to calculate the individual risk 
by various models involving different risk weightings. 

 The epidemiological model most frequently used by clinicians is the Gail model. 
It is based on data obtained in a case - control study of the participants in a major 
mammography study (BCDDP study) carried out between 1973 and 1980 in the 
United States  [31] ). In addition to reproductive factors and earlier breast biopsies, 
the number of fi rst - degree relatives with breast cancer is included in the risk cal-
culation. The model was used in a modifi ed form for the U.S. tamoxifen preven-
tion study (NSABP - P1). The Gail model is suitable for estimating a moderate 
breast cancer risk based on mainly non - genetic factors. 

 The Clause tables are used as a genetic model. This data are based on a case -
 control study that was part of the U.S.  Cancer and Steroid Hormone Study  ( CASH ) 
carried out between 1980 and 1982  [32] . The model focuses primarily on breast 
and ovarian cancer cases among the mothers and sisters of those seeking advice. 
It is suitable for calculating the risk, given moderate hereditary factors. In large 
families with many affected women, however, the risk may be underestimated. 

 The genetic model was developed further by Parmigiani  et al .  [33] . They devel-
oped a computer program (BRCAPRO, Cyrillic) that calculates the probability of 
a  BRCA  gene mutation based on the Bayes theorem. First -  and second - degree 
affected relatives, prevalence and penetration of  BRCA1  and  BRCA2  mutations, 
relationships between patients, age at diagnosis, and age of healthy relatives are 
allowed for to calculate the likelihood of heterozygosity and disease risk. The 
Tyrer – Cuzick model merges genetic and personal risk factors  [34] . 

 Within the GC - HBOC a heterozygous probability of at least 20% or a life - time 
risk of at least 30% according to BRCAPRO is considered a high hereditary disposi-
tion. This complies in essence with international guidelines, for example  [35] . In 
such cases preventive measures are offered, even if genetic testing of an index case 
is not informative.  



  11.4 
 Clinical and Histopathological Characteristics 

  BRCA1  mutation carriers recruited by familial risk criteria have a risk of approxi-
mately 80% to develop breast cancer and a risk of approximately 55% to develop 
ovarian cancer throughout their lifetimes.  BRCA2  mutation carriers contract the 
disease later in life and have a risk of approximately 85% for breast cancer and a 
25% for ovarian cancer throughout their lifetimes.  [36] . However, studies based 
on cases unselected for family history resulted in lower risk estimates  [37] . 

 The risk of contralateral breast cancer is signifi cantly higher too, and depends on 
the age of primary cancer  [38] . Forty percent of cases with fi rst breast cancer before 
the age of 50 develop a contralateral breast cancer. After menopause this risk falls 
to 12%. The risk is also higher for carriers of a  BRCA1  (43%) than for carriers of a 
 BRCA2  (35%) mutation, and can be reduced by ovarectomy or tamoxifen  [39] . 

 For those with a  BRCA1  mutation there is an increased risk of stomach, kidney, 
pancreas, uterus cancer, and leukemia. For those with a  BRCA2  mutation, colon, 
stomach, pancreas, and prostate cancer as well as melanomas are considered 
associated tumors  [40, 41] . Absolute risks have not yet been fi nally evaluated. 

  BRCA1  associated tumors in particular show histopathological characteristics. 
They are often of the medullary sub - type and present with lymphocyte infi ltration 
and pushing margins. They are usually hormone receptor - negative, Her2/neu 
negative, and poorly differentiated  [42] . The histopathology can hence lead to 
speculate on a  BRCA1  origin. 

 There are indications that the prognostic signifi cance of the axillary lymph node 
status in  BRCA  - associated tumors is less reliable compared to sporadic tumors 
 [43] . Moreover,  in vitro  and retrospective analyses suggest that these tumors have 
a different chemo - sensitivity range and respond especially well to platinum - 
containing regimens  [44, 45] . These data provide the rational for ongoing prospec-
tive randomized trials elaborating the most effi cacious chemotherapeutic regimes 
for  BRCA  - associated tumors. 

 Exciting data have recently been presented suggesting that  BRCA  associated 
tumors can be specifi cally targeted by  poly(ADP - ribose)polymerase  ( PARP1 ), an 
enzyme that is essential for base excision repair. During cell division, inhibition 
of PARP1 leads to the conversion of single strand breaks into double - strand breaks 
in the replication forks. In BRCA - defi cient cells these defects cannot be repaired 
by homologous recombination, hence leading to apoptosis  [46, 47] . These results 
open the potential for targeted therapeutic options in the future, that are currently 
evaluated in clinical studies.  

  11.5 
 Clinical Management 

 The preventive measures available for the general population are inadequate for 
women with hereditary risk of developing breast and/or ovarian cancer. Mam-
mography screening generally starts at the age of 50 when half of the  BRCA1  
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mutation carriers of the current birth cohort are already affected by breast cancer. 
The early age makes mammography in particular unsuitable as the sole screening 
measure since it has a high rate of false - negatives given the typical dense paren-
chyma of younger breasts. 

  11.5.1 
 Ovarectomy 

 Prospective and retrospective cohort studies show that  bilateral prophylactic 
salpingo - oophorectomy  ( BPSO ) reduces the risk of ovarian cancer in  BRCA  muta-
tion carriers by more than 90%  [48, 49] . The remaining risk of breast cancer is 
also signifi cantly reduced to 50% and remains in about the same range after low 
hormonal add - back  [50] . It has recently been demonstrated that BPSO reduces 
overall mortality by 70%  [51] . BPSO is hence recommended by the GC - HBOC in 
certain circumstances (Table  11.1 ).   

 Detailed histological processing by reference pathologists is advised that 
may reveal preneoplasias or early carcinomas so that the time of surgery can be 
optimized in the future. As reported by international centres, BPSO is also well 
accepted in Germany by over 50% of the mutation carriers.  

  11.5.2 
 Mastectomy 

 Retrospective and prospective cohort studies demonstrate that breast cancer risk 
in  BRCA  mutation carriers is greatly reduced by  bilateral prophylactic mastectomy  
( BPM )  [52] . To achieve the best preventive effect, bilateral mastectomy should 
include removal of the pectoralis fascia, the mamillary areola complex, and the 
lobus axillaris. Simultaneous reconstruction should routinely be offered. The 
guidelines from the GC - HBOC are outlined in Table  11.1 . Interestingly, the accep-
tance for BPM varies greatly among countries and seems to depend on both cul-
tural infl uences and the availability of screening programs. In Germany, where 
women at high risk have access to a structured surveillance program within the 
normal medical services, BPM is chosen by less than 10% of mutation carriers.  

  11.5.3 
 Prevention Using Drugs 

 No reliable data yet exist for hereditary breast cancer. Retrospective genetic analy-
sis of the affected women in the NSABP P1 study indicated that tamoxifen has a 
protective effect in women with a  BRCA2  mutation  [53] . This is supported by the 
reduction in contralateral secondary carcinomas under tamoxifen treatment  [39] . 
However,  in vitro  data suggest that in the absence of  BRCA1,  breast cancer devel-
opment can be promoted by an agonistic activity of tamoxifen  [54, 55] . Currently 
women at risk are offered participation in the Europe - wide IBIS II study in which 
an aromatase inhibitor is employed.  



  11.5.4 
 Structured Surveillance 

 Many prospective cohort studies have been undertaken to prove the benefi ts of 
intensive surveillance in  BRCA  mutation carriers and women at high risk, starting 
around 25 to 30 years of age. All studies, including ours, confi rmed low sensitivity 
of mammography in this young risk group  [56 – 62] . The GC - HBOC therefore 
established a structured surveillance program that includes sonography, mam-
mography, and MRI (Table  11.2 ). MRI examination leads to an improved detection 
rate of early breast cancer stages  [62 – 64] . As Kriege  et al .  [64]  showed that 18% of 
the screen detected carcinomas were only visible by mammography, it still remains 
an obligatory part of the screening program. Also, recent data suggest a benefi t of 
high - resolution sonography as an interval examination, in case one takes into 
consideration the specifi c imaging criteria of  BRCA1  associated tumors that fre-

 Table 11.1     Bilateral prophylactic salpingo-oophorectomy and bilateral prophylactic 
mastectomy: Indications and surgery. 

   Bilateral prophylactic salpingo - oophorectomy (BPSO)   

   Indications   
  Completed family planning and age over 35 years or 5 years before earliest disease age in the 
family and, interdisciplinary counselling   a    and proven mutation in the  BRCA1  or  BRCA2  gene 
or heterozygosity risk  ≥  20% or lifelong risk  ≥  30% given an uninformative genetic test.   b,c     

   Surgery   
  Laparoscopic extirpation of the ovaries and fallopian tubes with peritoneal sampling and 
lavage.  

   Bilateral prophylactic mastectomy (BPM)   

   Indications   
  Age over 25 years or 5 years before earliest disease age in the family, interdisciplinary 
counseling   a    and proven mutation in the  BRCA1  or  BRCA2  gene or heterozygosity risk  ≥  
20% or lifelong risk  ≥  30% given an uninformative genetic test.   b,c     

   Surgery   
  Complete mastectomy incl. the mamilla areola complex. Simultaneous reconstruction should 
be offered.  

    a  Before any prophylactic surgery is undertaken, gynaecological, human genetic, and psycho - 
oncological counseling to clarify the individual risk of contracting the disease, the risk reduction 
to be expected, and the patient ’ s motivational circumstances, is recommended.  

   b  Uninformative molecular genetic diagnosis exists if the index case in the family has no mutation 
in the  BRCA1  or  BRCA2  gene, or no mutation clearly relevant to the illness (unclassifi ed variant, 
UCV). In such cases, no predictive analysis is carried out on the healthy relatives. If no index 
patient is available, a predictive genetic test may be offered in case the counselee would opt for 
prophylactic surgery, if a deleterious mutation is detected.  

   c  There is as yet no data on mortality reduction through secondary prophylactic surgery for patients 
already diseased.   
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quently resemble criteria of fi broadenomas  [65] . Optimal screening intervals and 
the optimal combination of imaging modalities are still not certain. Moreover, data 
on mortality reduction are still missing. Taking together, after the identifi cation 
of the right risk genes BRCA1 and BRCA2 a decade ago, we now enter a second 
era of genetic discovery of low penetrance genes that may be relevant for the vast 
majority of breast cancer. Effective preventive strategies have been established for 
BRCA1/2 mutation carriers. With the identifi cation of low penetrance genes, risk -
 adjusted prevention programs may become feasible. The recent development of 
the molecular targets for BRCA1/2 associated tumors is exiting and may further 
improve the well - being of such burdened women.     
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  Five percent of endometrial and ovarian carcinomas are based on a genetic pre-
disposition. Most of the  hereditary ovarian cancers  ( HOC ) occur due to deleterious 
mutations in  BRCA1  or  BRCA2 .  Hereditary endometrial cancer  ( HEC ) mainly 
occurs within the Lynch syndrome or  hereditary non - polyposis colon cancer  
( HNPCC ) and is based on mutations in the mismatch repair genes ( MLH1, MSH2, 
MSH6 ). Besides the positive family history for further endometrial or colon carci-
nomas in the case of HEC, or further ovarian carcinomas and breast cancer cases 
in the case of HOC, the clinical feature is the relatively young age of onset, which 
is under the age of 50 for HEC, and under the age of 55 for HOC. The most effec-
tive prevention strategies are prophylactic surgical procedures.      

  12.1 
 Epidemiology 

 Epithelial ovarian cancer is the sixth most common malignant tumor in women 
and has the worst prognosis of all malignant tumors of the genitourinary tract. 
The 5 - year survival rate is low (40%) and has not improved dramatically over the 
last 20 years, which is thought to be related to the advanced stage of the disease 
at presentation. The life - time risk for European women without any family history 
is low (1.25 – 1.6%). Ninety - fi ve percent of ovarian cancers occur sporadically and 
5% are based on a genetic predisposition. If a fi rst - degree relative is diagnosed 
with ovarian cancer, the life - time risk increases to 5%  [1] . The following family 
constellations fulfi ll the criteria for  hereditary ovarian cancer  ( HOC ): 

   •      Women with a personal history of both breast and ovarian cancer;  

   •      Women with ovarian cancer and a close relative with breast cancer at  ≤ 50 or 
ovarian cancer at any age;  

   •      At least two women with ovarian cancer in a family;  
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   •      Women from families with multiple cases of colorectal adenocarcinomas with 
early onset (under the age of 50) together with ovarian or endometrial cancer, 
 hereditary non - polyposis colon cancer  ( HNPCC );  

   •      Women from families with germline mutations of  BRCA1  or  BRCA2,  mismatch 
repair genes ( MLH1, MSH2 ) or  PT53 .    

 Endometrial cancer is the most common gynecological cancer with a life - time 
risk of 2.7%. The disease has an excellent 5 - year survival rate of 85% due to early 
clinical disease presentation. Epidemiological studies have shown a signifi cantly 
increased risk of several different cancers (mainly colon cancer, but also cancer of 
the ovaries, stomach, pancreas, and urothelium) in fi rst - degree relatives of women 
with endometrial cancer, indicating a genetic component in some women, which 
is estimated to be 5%. The majority of  hereditary endometrial cancer  ( HEC ) occurs 
in HNPCC families which are clinically identifi ed by the Amsterdam criteria (see 
Chapter  17  on Lynch syndrome (HNPCC)). The following modifi ed Bethesda cri-
teria help to identify more HNPCC - associated hereditary endometrial carcinomas 
or atypical HNPCC families: 

   •      Women diagnosed with endometrial cancer under the age of 50;  

   •      Women with endometrial cancer and  a fi rst - degree relative with a HNPCC -
 associated malignancy (cancer of the colon, rectum, stomach, uroepithelium, 
ovary, skin) in a family;  

   •      Two fi rst - degree relatives with endometrial cancer and/or HNPCC associated 
malignancy (one under age 45) and/or colorectal adenoma under age 40;  

   •      Women with endometrial or ovarian cancer with a synchronous or metachronous 
colon or HNPCC associated tumor at any age.     

  12.2 
 Genetic Background 

 Approximately 95% of hereditary ovarian cancers are based on mutations in 
 BRCA1  or  BRCA2  (Table  12.1 ). The penetrance rates reported in the literature 

 Table 12.1     Susceptibility genes in  HOC  and  HEC . 

  Genes    HOC (%)    HEC (%)  

   BRCA1     75    5  
   BRCA2     10     –   
   P53     2     –   
  Mismatch repair genes:  MSH2, MLH1, MSH6     8    85  
  Unknown    5    10  
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vary, depending on the analyzed population and gene mutation. The largest meta -
 analysis comprises 22 studies including 8000  BRCA1  and 2 mutation carriers  [2] . 
The cumulative life - time risk for  BRCA1  mutation carriers to develop ovarian 
cancer is 39 to 46%. Estimations for the life - time risk for  BRCA2  mutation carriers 
to develop ovarian cancer are much lower compared to  BRCA1  and are reported 
to be 10 to 27% (Figure  12.1 ). The basic life - time risk for a woman to develop 
ovarian cancer is signifi cantly lower and is estimated to be 1 to 2% until the age 
of 70. The median age of onset for hereditary ovarian cancer is lower compared 
to sporadic cases. Regarding  BRCA  mutation carriers, the risk for ovarian cancer 
increases tremendously up from the age of 40, which should be considered for 
prophylactic procedures (Figure  12.1 ).     

 Besides the increased risk for breast and ovarian cancer in  BRCA1  mutation 
carriers, there is also an increased risk for colon (2x) and prostate (2x) and possibly 
also for endometrial and cervical cancer  [3, 4] . In families with  BRCA2  mutations 
there are increased risks for male breast cancer (15x), prostate (4x), and pancreatic 
cancer (3x)  [3, 5] . 

 The vast majority of HEC is based on mutations in the mismatch repair genes 
and occur within the Lynch syndrome or HNPCC. The most commonly affected 
genes are  MLH1  and  MSH2 , followed by  MSH6 . Germline  MSH6  mutations have 

    Figure 12.1     Cumulative life - time risk for ovarian cancer in 
 BRCA1  and  BRCA2  mutation carriers.  
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been reported in several families with multiple members affected with endome-
trial cancer. In families with atypical HNPCC, in which endometrial cancer was 
the leading feature, mainly germline mutations were identifi ed in the  MSH6  gene. 
It appears from a number of studies that highly penetrant endometrial cancer 
genes other than HNPCC genes are unlikely to exist, or may be extremely rare. 
If a site - specifi c HEC syndrome exists, it results from inherited susceptibility 
rendered by one or several polymorphic alleles, each acting with relatively low 
penetrance  [6] . 

 The mismatch repair genes show highly penetrant autosomal dominant inheri-
tance. In females, the life - time risk of endometrial cancer by 70 is 40 to 60% with 
an equally high risk for colon cancer, and a life -  time risk of ovarian cancer of 9 
to 12%. Most of the inherited endometrial carcinomas occur under the age of 50 
(median age 48). In unselected patients with endometrial cancer under the age of 
50, the rate of detectable germline mutations in the mismatch repair genes is 
between 5.2 and 9%  [7] .  

  12.3 
 Phenotype 

 Regarding the phenotype of hereditary ovarian cancer, three different syndromes 
can be distinguished: 

  1.     The breast and ovarian cancer syndrome is the most common and accounts 
for 90% of all hereditary ovarian cancer cases. It is inherited in an autosomal 
dominant pattern and based on deleterious mutations of the genes  BRCA1  
located on chromosome 17q21, and  BRCA2  located on chromosome 13q12. 
The probability of detecting a  BRCA1  or two germline mutation increases with 
the number of breast and ovarian cancer cases in a family and younger ages of 
onset.  

  2.     HOC as well as HEC are also common in females from families with HNPCC, 
based on mutations in the mismatch repair genes, such as  MLH1  (chromosome 
3p21) or  MSH2  (chromosome 2p15).  

  3.     Germline mutations of p53 located on chromosome 17p13 are very rare ( < 1% 
of all hereditary tumor syndromes). The so - called Li - Fraumeni syndrome (see 
Chapter  3  on family cancer syndromes) leads to a heterogeneous occurrence 
of multiple malignant diseases (osteo -  and soft tissue sarcomas, brain tumors, 
leukemia, breast cancer, lung cancer, prostate cancer, pancreatic cancer, colon 
cancer, ovarian cancer), which can develop very early during childhood.    

 Further susceptibility genes or gene clusters are assumed for HOC, since not 
in all families mutations of the above - mentioned genes are found  [8] . 

 The histology and the survival rates of HOC based on  BRCA1/2  mutations are 
not as well analyzed as the  BRCA1/2  associated breast cancer cases (see Chapter 
 11  on hereditary breast cancer)  [9] . Nevertheless, it was published that  BRCA1 -



  associated ovarian cancer cases show a higher grading and a higher percentage of 
solid tumor components compared to sporadic ovarian cancer. Moreover, higher 
rates of somatic p53 mutations were found in  BRCA1  positive ovarian carcinomas 
 [7] . Several studies revealed a larger number of serous adenocarcinomas in 
HOC (89%) compared to cases without any family history of ovarian cancer 
 [11 – 13] . There is fi rst evidence that  BRCA1  induced ovarian carcinomas show a 
different protein expression profi le as compared to  BRCA2  positive or sporadic 
cases  [12] . 

 Some retrospective studies came to the conclusion that the  BRCA1/2  muta-
tional status might have an impact on survival.  BRCA1  mutation carriers seem 
to have a shorter survival rate. The 5 - year survival rate of patients with epithelial 
 BRCA1  positive ovarian cancer was calculated to be 21% and for patients with 
 BRCA2  mutations 25%. This was signifi cantly lower compared to the survival 
rate of 45% of the patients with sporadic ovarian cancer  [14] . Further larger 
and prospective studies have to be conducted before patients can be counseled 
regarding a prognostic difference between hereditary and sporadic ovarian 
cancer. 

 Most of the HECs occur within the HNPCC or Lynch syndrome (see Chapter 
 17  on Lynch syndrome (HNPCC)). HNPCC families are usually identifi ed clini-
cally by their family history of colorectal cancer (Amsterdam criteria) rather than 
endometrial or ovarian cancer. However, in about 10%, atypical HNPCC families 
are reported in which endometrial cancer is the leading feature. 

 Except for a younger age of onset, so far there is no evidence that HECs have a 
different histopathology, clinical appearance, or survival rate. However, in a recent 
cohort study of 100 women with endometrial cancer under the age of 50, it was 
shown that a low body mass index is associated with a higher risk of having a 
deleterious mismatch repair mutation  [7] .  

  12.4 
 Clinical Management 

 So far there is no difference in the clinical management between sporadic and 
hereditary ovarian and endometrial cancer. The standard surgical procedure in 
primary ovarian cancer is a maximal tumor debulking and an adjuvant chemo-
therapy with six intravenous courses of platinum and paclitaxel. Women with 
endometrial cancer will receive a hysterectomy and salpingo - oophorectomy, a 
stage dependent pelvic and para - aortal lymphadenectomy, and a stage dependent 
adjuvant radiation therapy. In selected cases, a primary radiation therapy is also 
possible. 

 So far, there is no evidence for a different therapy response of hereditary ovarian 
and endometrial cancer compared to the sporadic counterparts. However, the 
knowledge of the normal functions of the BRCA1/2 proteins in DNA repair (see 
Chapter  11  on hereditary breast cancer) suggests that tumors with mutations in 
the  BRCA  genes might be particularly sensitive to platinum - based drugs, which 
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induce cross - linking between DNA molecules. In an ongoing clinical trial with 
patients suffering from advanced  BRCA1/2  positive carcinomas, carboplatin will 
be compared with docetaxel for response and time to progression. Moreover, a 
new drug known as  Poly(ADP - Ribose) polymerase  ( PARP ) - inhibitor is currently 
applied to cancer patients with  BRCA1  and two mutations in a multi - center trial. 
PARP inhibitors selectively kill cells in which DNA repair is absent due to muta-
tions in the  BRCA1  or  BRCA2  gene  [6] .  

  12.5 
 Prevention Strategies 

  12.5.1 
 Primary Prevention 

  12.5.1.1   Prophylactic Salpingo - Oophorectomy ( BPSO ) 
 Prospective and retrospective cohort studies show that  bilateral prophylactic sal-
pingo - oophorectomy  ( BPSO ) reduces the risk of ovarian cancer in  BRCA  mutation 
carriers by more than 90%  [15, 16] , and also reduces mortality by 70%  [17] . 
BPSO is hence recommended by the GC - HBOC under certain circumstances 
(see Table  12.1 , Chapter  11  on hereditary breast cancer). The standard procedure 
is a laparoscopic extirpation of the ovaries and fallopian tubes with peritoneal 
samples and lavage. The whole abdomen should be carefully examined since 
there is a risk of 3% for the development of an extra ovarian carcinomatosis of 
the peritoneum. Detailed histological processing of the ovaries is recommended 
that may reveal pre - neoplastic lesions or early carcinomas so that an adequate 
adjuvant therapy can be given. The time of surgery can be optimized in the future. 
BPSO is a well - accepted procedure by over 50% of the mutation carriers in 
Germany. 

 For patients from HNPCC families, a prophylactic hysterectomy with bilateral 
salpingo - oophorectomy is a highly effective strategy for preventing endometrial 
and ovarian cancer. In a retrospective study of 315 women with germline 
mutations of  MLH1, MSH2 , and  MSH6 , none of the women with prophylactic 
surgery revealed endometrial cancer. The median age of surgery was 42 with 
a follow - up time of 13 years for the surgery group, and 7.4 years for the control 
group  [18] .  

  12.5.1.2   Prevention Using Drugs 
 It is well - known that  oral contraceptives  ( OC ) have a protective effect on the 
development of sporadic ovarian cancer  [19] . A retrospective analysis of  BRCA1  
and  BRCA2  mutation carriers also shows a protective effect of OC on the 
occurrence of ovarian cancer, depending on the duration of usage: the use of 
OC for 6 or more years leads to a risk reduction of 60%  [20] . Based on the 
small numbers of retrospectively analyzed  BRCA1/2  mutation carriers, the lack 
of prospective data and contradictory results of another study  [21] , OC cannot 
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be generally recommended for the prevention of ovarian cancer. It has also 
been considered that by using OC the risk for breast cancer increases  [22] . 
For this reason, only low - dose estrogen and progesterone OC should be given 
to  BRCA1/2  mutations carriers. 

 For endometrial cancer, there is an ongoing clinical study to identify 
whether intrauterine progestagens, delivered using the MIRENA intrauterine 
contraceptive device, can reduce the risk of endometrial cancer in women with 
HNPCC mutations  [6] .   

  12.5.2 
 Secondary Prevention (Structured Surveillance) 

 Based on the increased risk for breast and ovarian cancer, women with  BRCA1  
and  BRCA2  mutations should take part in a structured surveillance program 
(Chapter  11  on hereditary breast cancer). A gynecological examination including 
vaginal sonography of the ovaries, uterus, and endometrium should be performed 
every six months. However, even with the additional measurement of the tumor 
marker CA 12 - 5, the program failed to detect ovarian carcinomas at an early 
stage. 

 The appropriate surveillance method for endometrial cancer is still discussed, 
and some would argue that, given the relatively early presentation with symptoms 
and the relatively good prognosis, active surveillance is not warranted. Surveillance 
methods have included transvaginal ultrasound, Pipelle aspiration, and hysteros-
copy. The detection rates for endometrial cancer using the Pipelle method were 
97 and 91% in post -  and pre - menopausal women, respectively  [6] .   
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13

  There is considerable evidence that both genetics and environment play a role in 
the origin and evolution of  prostate cancer  ( PC ). At least 22 genes show evidence 
of being involved in the origin and/or progression of PC. However, studies to 
assess the nature of familial aggregation of PC show confl icting results. Few, if 
any, genes that are reproducibly associated with increased risk for PC across dif-
ferent study populations have been identifi ed, emphasizing the heterogeneous 
nature of this disease. Analyzing defi ned sets of families with common origin, and 
using the co - occurrence of other cancers in HPC families, are promising strategies 
for developing genetically homogeneous data for reducing locus heterogeneity 
problems associated with studying complex traits.      

  13.1 
 Epidemiology 

  Prostate cancer  ( PC ) is the fourth most common male malignant neoplasm world-
wide. Its incidence and mortality vary widely between countries and ethnic popula-
tions  [1] . The lowest yearly incidence rates occur in Asia (1.9 cases per 100   000), 
and the highest in Scandinavia and North America  [2] . Mortality is highest in 
Sweden (23 per 100   000 per year) and lowest in Asia ( < 5 per 100   000 per year in 
Singapore, Japan, and China)  [2] . 

 There is considerable evidence that both genetics and environment play a role 
in the origin and evolution of the disease. Asian Americans have a lower PC inci-
dence than white or African Americans. However, Japanese and Chinese men in 
the United States have a higher risk to develop PC and to die of it than their rela-
tives in Japan and China  [3] . PC incidence and mortality have increased in Japan 
as the country has become more westernized  [4] . In addition, access to and quality 
of healthcare, accuracy of cancer registries, and penetrance of  prostate specifi c 
antigen  ( PSA ) screening infl uence the worldwide and ethnic variations in PC 
incidence and mortality  [1] .  

Summary
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  13.2 
 Phenotypes of Prostate Cancer 

 For investigative purposes, PC is divided into three phenotypes: sporadic, familial, 
and hereditary. Sporadic cancers occur in individuals with a negative family 
history. Familial PC is defi ned as cancer in a man with one or more affected rela-
tives. As a subset of the hereditary form,  hereditary PC  ( HPC ) has been defi ned 
as a cluster of three or more affected relatives within a nuclear family or the occur-
rence of PC in three generations or two or more affected family members with an 
age at onset of 55 years or younger  [5] . While sporadic cancers account for about 
85% of PC, about 15% are familial or hereditary  [6] . 

 The clinical phenotype of PC is complex and heterogeneous. Association between 
early age of diagnosis and familial PC is well documented in the literature  [7 – 11] . 
Forty - three percent of early - onset PCs (men 55 years of age or younger) are heredi-
tary, but only 9% of PCs occurring by the age of 85 years  [6] . 

 Controversy exists concerning the differences between hereditary and sporadic 
PC with respect to clinical features, pathological characteristics, and outcome. 

 Some studies report that the outcome after radical prostatectomy  [11]  or defi ni-
tive external beam radiation therapy is similar in patients with or without a 
family history of PC  [12, 13] . In contrast, other studies report that men with a 
history of PC in fi rst - degree relatives have a higher likelihood of biochemical 
failure  [8]  and 5 - year distant failure after radical prostatectomy  [14]  or radiation 
therapy  [15] . Gr ö nberg showed that PC in families associated with the HPC1 
locus on chromosome 1q24 – 25 may more often be poorly differentiated and at 
an advanced stage at diagnosis  [16] . A few studies have reported more favorable 
pathological features (lower mean Gleason score  [17]  and lower proportion of 
positive surgical margins, perineural infi ltration, and lymph node metastases 
 [18]  in familial cases. 

 The confl icting results of these population - based studies may be caused by two 
major problems: First, PC is a common disease. Therefore, analyses of the 
phenotype of HPC may be biased by the fact that many PC cases in families with 
HPC are phenocopies, that is, they are diagnosed as PC although they are not 
mutation carriers. For example, almost 10% of mutation non - carriers among men 
in Swedish HPC families have clinical PC  [9] . Second, men with a family history 
of PC are more inclined to undergo rectal examination and PSA tests at an earlier 
age  [19] .  

  13.3 
 Genetics 

  13.3.1 
 Hereditary Transmission 

 Evidence for PC susceptibility genes that segregate in families has been consis-
tently provided by multiple segregation studies  [20] . However, studies to assess 
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the nature of familial aggregation of PC produce confl icting results. The majority 
of segregation analyses support an autosomal dominant inheritance mode  [6, 
21 – 25] . Analyzing Australian families affected by PC, Cui  et al .  [26]  report autoso-
mal dominant inheritance in younger - onset families, and recessive or X - linked 
inheritance in older - onset families. Also, multifactorial  [27]  and codominant  [28]  
models have been suggested. Recently, Pakkanen et al.  [29]  reported that the 
inheritance of PC in the Finnish population is best explained by a Mendelian 
recessive model with a signifi cant paternal regressive coeffi cient that is indicative 
of a polygenic multifactorial component.  

  13.3.2 
  PC  Susceptibility Genes 

 Despite the large number of studies of HPC, few, if any, genes that are reproduc-
ibly associated with an increased risk for PC across different study populations 
have been identifi ed, emphasizing the heterogeneous nature of this disease  [30] . 
One of the major diffi culties in studying PC is genetic heterogeneity, possibly 
due to multiple, incompletely penetrant PC - susceptibility genes  [31] . At least 22 
genes show evidence of being involved in the origin and/or progression of PC 
(Table  13.1 ).   

 Of the known susceptibility genes,  ribonuclease L  (2 ′ ,5 ′  - oligoisoadenylate syn-
thetase - dependent) ( RNASEL ) is the best characterized. RNASEL encodes a ribo-
nuclease that mediates the antiviral and apoptotic activities of interferons. It is a 
latent enzyme, expressed in nearly every mammalian cell type. Its activation 
requires its binding to a small oligonucleotide, 2 – 5   A, a series of unique 5 ′  - triphos-
phorylated oligoadenylates with 2 ′  - 5 ′  phosphodiester bonds  [33] . This gene is a 
candidate for the HPC1 allele  [34] . Gr ö nberg investigated phenotypic characteris-
tics of families potentially linked to the HPC1 locus on chromosome 1q24 – 25  [16] . 
In this study, families that provide evidence for segregation of an altered HPC1 
gene showed three characteristics: younger age at diagnosis, higher - grade tumors, 
and more advanced - stage disease. A variety of inactivating and missense muta-
tions of RNASEL have been identifi ed in families with HPC  [35] . However, results 
of studies investigating the role of these mutations are confl icting. Casey et al.  [36]  
determined that the RNASEL variant Arg462Gnl has three times less enzymatic 
activity than the wildtype, and is signifi cantly associated with PC risk (P = 0.007). 
The single nucleotide polymorphism R462Q, resulting from an arginine to gluta-
mine substitution, is suggested to be associated with an increased risk of PC  [36] . 
Several studies showed that men with cell lines with this allelic variant have 
reduced RNASEL activity leading to defi cient apoptosis  [34, 35, 37] . A truncating 
mutation, E265X, was found in 5 (4.3%) of the 116 patients from Finnish families 
with HPC. This was signifi cantly higher than the frequency of E265X in controls. 
The highest mutation frequency was found in patients from families with four or 
more affected members  [38] . In contrast to these fi ndings, large - scale case - control 
studies performed by Wiklund  [39]  and Daugherty  [40]  provided evidence against 
a major role of RNASEL in PC etiology in Sweden and the United States, 
respectively. 
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 Table 13.1     Genes showing evidence to be involved in the 
origin and/or progression of  PC  (from Online Mendelian 
Inheritance in Man. Available at:  www.nci.nlm.nih.gov   [32] ). 

  Title/s    Symbol/s    Gene map 
locus  

  eph tyrosine kinase 3 (ephrin receptor 
EphB2)PC/brain cancer susceptibility  

   EPHB2, EPHT3, DRT, ERK, 
PCBC, CAPB   

  1p36.1 - p35  

  Ribonuclease L (2 ′ ,5 ′  - oligoisoadenylate 
synthetase - dependent)  

   RNASEL, RNS4, PRCA1, 
HPC1   

  1q25  

  PC, hereditary 8 / Predisposing for PC     HPC8 / PCAP     1q42.2 - q43  

  PC, hereditary 5     HPC5     3p26  

  PC, hereditary, 4     HPC4     7p11 - q21  

  Mitotic arrest - defi cient 1, yeast, 
homolog - like 1  

   MAD1L1, TXBP181     7p22  

  Macrophage scavenger receptor     MSR1     8p22  

  PC, hereditary, 10     HPC10     8q24  

  Kruppel - like factor - 6     KLF6, COPEB, BCD1, ZF9     10p15  

  Phosphatase and tensin homolog 
(mutated in multiple advanced cancers 1)  

   PTEN, MMAC1     10q23.31  

  MAX - interacting protein 1     MXI1     10q25  

  CD82 antigen     CD82, SAR2, KAI1, ST6     11p11.2  

  Breast cancer - 2, early onset     BRCA2, FANCD1     13q12.3  

  PC, hereditary, 7     HPC7     15q12  

  Cadherin - 1 (E - cadherin; uvomorulin)     CDH1, UVO, LCAM, ECAD     16q22.1  

  AT motif - binding factor 1     ATBF1     16q22.3 - q23.1  

  PC, hereditary, 9     HPC9     17q21 - q22  

  elaC,  E. coli , homolog 2     ELAC2, HPC2     17p11  

  PC, hereditary, 3     HPC3     20q13  

  PC, hereditary 6     HPC6     22q12  

  Checkpoint kinase 2, S. pombe, homolog 
of (RAD53, S. cerevisiae, homolog of)  

   CHEK2, RAD53, CHK2, 
CDS1, LFS2   

  22q12.1  

  Androgen receptor (dihydrotestosterone 
receptor)  

   AR, DHTR, TFM, SBMA, 
KD, SMAX1   

  Xq11 - q12  

  PC, hereditary, X - linked     HPCX     Xq27 - q28  



 13.3 Genetics  219

 Two other PC susceptibility loci are suggested as being linked to different 
regions on chromosome 1:  EPH receptor B2  ( EPHB2 ) at 1p36.1 – p35, and predis-
posing for PC gene (PCAP, also known as HPC2), located at 1q42.2 – 43  [41] . 
Mutational inactivation of the EPHB2 gene has been implicated in the progression 
and metastasis of PC  [42] . A case - control association analysis showed that the 
K1019X mutation in the EphB2 gene differs in frequency between African Ameri-
can and European American men, is associated with an increased risk for PC in 
African American men with positive family history, and may be a genetic risk 
factor for PC in African Americans  [43] . Homogeneity analysis indicated that 
PCAP is the most frequent known locus predisposing to HPC in Southern and 
Western Europe  [44] . Also, the HSD3 gene family at 1p13 coding for 3beta -
 hydroxysteroid dehydrogenases is hypothesized to have a role in PC susceptibility 
 [45, 46] . 

 Performing linkage analysis, Rokman et al.  [47]  conclude that 3p26 is likely to 
contain a predisposing gene for Finnish HPC, although no disease - segregating 
variants were found in two candidate genes in the region. 

 In an attempt to reduce locus heterogeneity, Friedrichsen  et al .  [48]  performed 
a genome - wide linkage scan for PC susceptibility genes with 36 Jewish families. 
The strongest signal was a signifi cant linkage peak at 7q11 – 21, with a  nonpara-
metric linkage  ( NPL ) score of 3.01 (P = 0.0013). 

 Tsukasaki  et al .  [49]  found a relatively high frequency of heterozygous mutations 
in the MAD1L1 gene (located on 7p22) in cases of PC, either in cell lines or in 
tissue specimens. One of the mutations was a 175C - T transition in the MAD1L1 
gene leading to a missense arg59 - to - cys (R59C) substitution. 

 Chromosome 8p is commonly deleted in many cancers, including colon, breast, 
ovarian, liver, lung, bladder, and head and neck cancer. Deletion of sequences 
from chromosome 8p is the most common deletion event in the genome of pros-
tate tumors  [50] . Despite the overwhelming evidence for 8p deletions, few specifi c 
genes have been consistently implicated as prostate tumor suppressor genes in 
this region. One of the major obstacles in the identifi cation of tumor suppressor 
genes at 8p is the broad size of the deleted regions, which is affected by the resolu-
tion of methods used to detect deletions. In the largest genome - wide linkage 
analysis, Xu  et al . found suggestive evidence for linkage at 8p21 among 1233 PC 
families  [31] . Combining the results from their somatic deletion study and germ-
line linkage study, Chang and co - workers  [51]  found overlapping results, implicat-
ing consensus regions at 8p21.3 between 20.6 and 23.7   Mb, and 8p23.1 between 
9.8 and 11.2   Mb. In a study that estimated the frequency of DNA copy number 
alterations in the PC genome based upon all published comparative genomic 
hybridization studies of PCs, Sun and co - workers  [52]  found that one - third of 891 
PCs had a deletion at 8p21.3 At least 37 known protein - coding genes are located 
at the 8p21.3 consensus region. Some of these genes, including NKX3.1, have 
been associated with HPC.  Macrophage scavenger receptor 1  ( MSR1 ) is one of the 
major candidate PC susceptibility genes  [53] . Xu  et al .  [53]  found a nonsense muta-
tion, arg293 to ter (R293X), in the MSR1 gene in 6 different HPC families of 
European descent, and an asp174 - to - tyr (D174Y) in 4 African American HPC 
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families, respectively. However, follow - up studies to confi rm the gene ’ s relevance 
for PC came to confl icting results  [54, 55] . 

 Carriers of germline mutations in the BRCA2 gene are known to be at high risk 
of breast and ovarian cancers  [56, 57] . Several epidemiologic studies have reported 
that carriers of germline mutations in the BRCA2 gene have an increased risk of 
PC, with the highest risk observed in men diagnosed at earlier ages. However, 
studies of the contribution of BRCA2 mutations to the etiology of HPC have been 
inconsistent. Edwards  [58]  reports that the relative risk of developing PC by age 
56 years from a deleterious germline BRCA2 is 23 - fold. In 940 Ashkenazi Israelis 
with PC, Giusti  et al .  [59]  tested DNA obtained from paraffi n sections for the 3 
Jewish founder mutations: 185delAG and 5382insC in BRCA1, and 6174delT in 
BRCA2. They estimated that there is a two - fold increase in BRCA mutation - related 
PC among Ashkenazi Israelis. No evidence was found in the Seattle - based Prostate 
Cancer Genetic Research Study for an association between BRCA2 mutations 
and susceptibility to HPC  [60] . A genome - wide linkage scan on 71 families with 
2 or more men suffering from aggressive PC showed statistically signifi cant evi-
dence for linkage at chromosome 15q12, with a LOD score of 3.49 (genome - wide 
p = 0.005)  [61] . 

 Sun  et al .  [62]  report that ATBF1, mRNA is abundant in normal prostates but 
more scarce in approximately half of PCs tested. They narrowed the region of 
deletion at 16q22 to 861   kb containing ATBF1 and conclude that loss of ATBF1 is 
one mechanism that defi nes the absence of growth control in PC. 

 Jonsson  et al .  [63]  analyzed the association between the  − 160C/A promoter 
polymorphism and the risk of sporadic, familial, and hereditary PC in Sweden. 
They found no signifi cant association between the A - allele, and sporadic or famil-
ial PC. However, risk of hereditary cancer was increased among heterozygote CA 
carriers, and particularly among homozygote AA carriers, indicating that the  − 160 
single nucleotide polymorphism in CDH1 is a low - penetrant PC susceptibility 
gene that might explain a proportion of familial and notably HPC. 

 A linkage scan on 1233 PC families from the International Consortium for 
Prostate Cancer Genetics found suggestive evidence for a linkage to chromosome 
17q21 – 22 (HLOD = 1.99)  [31] . Combined linkage analysis of PC on 24 chromo-
some 17 markers using 453 families from the University of Michigan Prostate 
Cancer Genetics Project and Johns Hopkins University groups showed that the 
evidence for linkage is stronger in the subsets of families with 4 or more confi rmed 
PC cases, or families having PC cases with an average age of diagnosis of 65 years 
or younger  [64] . 

 The HPC susceptibility gene ELAC2 on chromosome 17p was the fi rst PC sus-
ceptibility gene characterized by positional cloning  [65] .  ElAC homolog 2  ( E. coli ) 
( ELAC2 ), located at 17p11.2 was found to possess an important transcriptional 
scaffold function for ELAC2 in TGF - beta/Smad signaling mediated growth arrest 
 [66] . Two common missense variants (a ser - to - leu change at amino acid 217 
(S217L) and an ala - to - thr change at amino acid 541 (A541T)) have been reported 
in the gene. However, epidemiologic analyses come to confl icting results. In 
studies performed in Japan, a leu allele at codon 217  [67]  and also a thr allele at 
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541 in HPC2/ELAC2  [68]  indicate a strong signifi cance in the predisposition of 
sporadic PC. In a European - American population, ELAC2 217L and RNASEL 541E 
are associated with metastatic sporadic disease  [69] . However, in a population -
 based study in Australia, there was no evidence that either ELAC2 polymorphism 
is associated with PC or PSA level  [70] . Results of a study at the Mayo Clinic  [71]  
suggest that alterations in the ELAC2 gene play a limited role in genetic suscepti-
bility to HPC. The absence of ELAC2 mutations and lack of association between 
polymorphisms in ELAC2 and PC led Shea  et al .  [72]  to conclude that ELAC2 does 
not contribute signifi cantly to the elevated prevalence of PC in Afro - Caribbean 
males of Tobago. 

 Conducting a genome - wide search on 162 North American families with 3 or 
more members affected by PC, Berry  et al .  [73]  found evidence for a linkage to 
chromosome 20q13. The strongest evidence of linkage was evident with the pedi-
grees having less than fi ve family members affected with PC, a later average age 
of diagnosis, and no male - to - male transmission. These fi ndings were confi rmed 
by Zheng  et al .  [74]  who genotyped 16 markers spanning approximately 95   cm on 
chromosome 20 in 159 HPC families. However, Bock et al.  [75] , who studied 172 
unrelated families affected by PC, using 17 polymorphic markers across a 98.5   cm 
segment of chromosome 20 (that contains the candidate region), did not fi nd sta-
tistically signifi cant support for the existence of a PC - susceptibility locus HPC20 
at 20q13. 

 Combining linkage data from a total of 1233 families and focusing on subsets 
of families that are more likely to segregate highly penetrant mutations, including 
families with large numbers of affected individuals or early age at diagnosis, Xu 
 et al .  [31]  identifi ed strong evidence for linkage at 22q12, with an LOD score of 
3.57. In 14 high - risk Utah pedigrees, Camp  et al .  [76]  identifi ed a 881   538 - bp inter-
val at 22q12.3, between D22S1265 and D22S277 as the most likely region that 
contains the 22q PC predisposition gene. 

 In response to DNA damage, eukaryotic cells use a system of checkpoint con-
trols to delay cell - cycle progression  [77] . CHEK2 (gene map locus 22q12.1) has 
been identifi ed as a downstream affecter of the ATM - dependent DNA damage 
checkpoint pathway  [78] . Mutations in CHEK2 have been associated with Li - 
Fraumeni syndrome 2 (Li - Fraumeni - like syndrome)  [79]  (see Chapters  3  and  5  on 
family cancer syndromes and hereditary brain tumors). There is evidence that 
mutations in  CHEK2  may contribute to both sporadic PC and HPC risk  [80]  
through the reduction of CHEK2 activation in response to DNA damage and/or 
oncogenic stress  [81] . 

 Linkage to Xq27 – 28 was observed in a combined study population of 360 PC fam-
ilies collected at 4 independent sites in North America, Finland, and Sweden  [82] , a 
fi nding consistent with results of previous population - based studies suggesting 
an X - linked mode of HPC inheritance. Baffoe - Bonnie  et al .  [83]  reduced the HPCX 
critical locus to a region fl anked by markers between  “ D3S2390 ”  and  “ bG82i1.0 ” . 

 Mutations of  Kruppel - like factor - 6  ( KLF6 )  [84] ,  Phosphatase and tensin  ( PTEN ) 
homolog (mutated in multiple advanced cancers 1)  [85] ,  MAX - interacting protein 
1  ( MXI1 )  [86] , CD82 antigen (KAI1)  [87] , and  androgen receptor  ( AR )  [88]  also have 
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been shown to be associated with PC initiation and/or progression. Whether these 
mutations are linked to HPC still has to be determined.   

  13.4 
 Prevention and Early Detection 

 As PC rarely causes symptoms early in the course of the disease, its early diagnosis 
relies on a combination of digital rectal examination and PSA. Screening efforts 
in the past decade have resulted in a marked downward stage migration  [89] . Given 
the long natural history of low - stage PC detected in 1990s (the so - called  “ PSA era ” ), 
additional observation time is necessary to determine whether early detection also 
reduces mortality  [1] . Although the value of PC screening remains controversial, 
men who present for periodic health examinations should be made aware of PC 
early detection by digital rectal examination and PSA  [89] . The optimum timing 
of early detection measures has not been determined. There is strong evidence, 
however, that men with a family history of PC should be offered PC early detection 
at a younger age  [90]  than the general population, for example at the age of 40 
years. 

 As the specifi c causes of PC initiation and progression are not yet known, the 
current body of evidence is insuffi cient to make a routine recommendation of any 
drug or diet for the prevention of PC  [1] . 5 - alpha - reductase inhibitors  [91] , the 
antioxidants selenium and vitamin E  [92] , soy  [93] , lycopenes  [94] , and other nutri-
tional supplements are currently under study as potential chemo - preventive 
agents.  

  13.5 
 Therapy 

 Therapy of PC depends on tumor stage. Radical prostatectomy still remains the 
 “ gold standard ”  to treat localized PC. Alternatively, external or interstitial radio-
therapy (brachytherapy) provide local tumor control. Watchful waiting is a reason-
able option in patients with a life expectancy of less than ten years and clinically 
localized, well - differentiated, or moderately differentiated PC  [95] . Hormone 
therapy (especially hormone deprivation) is the treatment of choice for metastatic 
disease. These guidelines currently also apply to patients with a suspected heredi-
tary/familial component of the disease.  

  13.6 
 Future Aspects 

 HPC is a genetically heterogeneous disease. One of the major problems with 
population - based linkage studies is the widely varying ethnic background of the 
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populations within different studies. Analyzing defi ned sets of families with 
common origin, for reducing locus heterogeneity problems associated with study-
ing complex traits, may be useful  [48] . Data presented by Friedrichsen and co -
 workers  [48]  support the concept that the optimal approach for mapping highly 
penetrant PC genes is to focus efforts on families that most likely segregate these 
types of genes, specifi cally families with large numbers of young PC cases. It was 
this type of approach that ultimately led to the successful identifi cation of the 
breast cancer susceptibility gene  BRCA1   [96] . 

 Using the co - occurrence of other cancers in HPC families is another promising 
strategy for developing genetically homogeneous datasets that can enhance the 
ability to identify susceptibility loci using linkage analysis. A genome - wide scan 
of HPC families with primary kidney cancer  [97]  showed suggestive genetic linkage 
to chromosome 11p11.2 – q12.2. In 12 HPC families with the co - occurrence of 
adenocarcinoma of the pancreas, non - parametric linkage analysis for a prostate/
pancreas cancer susceptibility phenotype was performed using 441 genome - wide 
micro - satellite markers. Despite the lack of statistically signifi cant fi ndings, four 
chromosomal regions, (2q, 16q, 17q, and 21q), showed suggestive linkage results 
in this scan  [98] . 

 Another interesting aspect is to screen unaffected men in families with HPC 
 [99] . 

 One of the major causes for the diffi culty in mapping PC genes is the reduced 
statistical power due to multiple susceptibility genes, incomplete penetrance, and 
high rates of sporadic PC in the general population. To overcome these obstacles 
is the challenge of future research on HPC.  
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   Wilms tumor  ( WT ) is an embryonal tumor of the kidney, attributed to an aberrant 
proliferation of early metanephric kidney cells. It can arise from more than one 
developmental error, and therefore many genes have been implicated in WT. Dele-
tion of the  WT1  gene, having a function in the development of kidneys and gonads, 
is observed in patients with the  WT - aniridia - urogenital abnormalities - mental 
retardation syndrome  ( WAGR ), whereas intragenic mutations are found in 10 to 
15% of patients with sporadic WT. Germline mutations in this gene are found in 
patients with  urogenital abnormalities  ( GU ), isolated  nephrotic syndrome  ( NS ), 
 Denys – Drash syndrome  ( DDS ),  Frasier syndrome  ( FS ), but rarely in familial WT. 
Patients with  WT1  germline mutations have a high risk for unilateral WT as well 
as synchronous or metachronous  bilateral WT  ( BWT ), which might even occur 
later in life. An increased WT risk is also observed in some overgrowth syndromes, 
especially in  Beckwith – Wiedeman syndrome  ( BWS ), where dysregulated expres-
sion of imprinted genes at chromosome 11p15 occurs. Here, the  loss of imprinting  
( LOI ) of the growth promoting  IGF2  gene plays an important role, as this is 
observed in a large proportion of WT. In addition, WT can be associated with 
several malformation syndromes or familial diseases. 

 Survival for WT has improved steadily and is now approaching 90%. However, 
other non - WT renal childhood cancers are associated with substantial mortality. 
This is a heterogeneous group including renal - cell carcinoma, clear cell carcinoma, 
(congenital) mesoblastic nephroma, rhabdoid tumor, and renal medullary carci-
noma. The  malignant rhabdoid tumor  ( MRT ) of the kidney was originally thought 
to be an unfavorable subtype of WT. It is a rare but aggressive malignancy, repre-
senting 2% of pediatric renal tumors. A high proportion occurs under the age of 
2 years, and there is a male predominance. Much progress on the genetics of this 
tumor has occurred in the past few years, and inactivation of a tumor suppressor 
gene,  SNF5/INI1,  on the long arm of chromosome 22 has been found. This gene 
encodes a subunit of the chromatin - remodeling complex SWI/SNF, regulating the 
expression of many genes.      

Summary
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  14.1 
 Wilms Tumor 

  Wilms tumor  ( WT ) is observed at a frequency of 1   :   10   000 in newborn babies. 
Approximately 1 to 2% of the patients have a hereditary form of the tumor with 
autosomal dominant inheritance and variable penetrance. Knudson ’ s  “ two - hit ”  
model (see Chapter  2  on the genetic background of hereditary tumor disease) for 
the development of tumors in children describes that two successive mutations 
( “ hits ” ) are necessary for the uncontrolled division of the cells in a tumor  [1] . Only 
one hit is necessary for tumor development in the hereditary form, as one allele 
is already mutant in all cells. Therefore, a tumor develops earlier in life and is 
more often bilateral than in the sporadic type, where both mutations have to occur 
in the same somatic cell (two hits). 

 Somatic and germline mutations in  WT1  (see below) have been found in WT, 
as well as tumor specifi c alterations in various other genes. Often,  WT1  muta-
tions are associated with   b  - Catenin (CTNNB1)  mutations, defi ning a genetic 
subset of WT. This subset, which recently was called the ideal type I WT  [2] , 
is characterized by stromal type histology with rhabdomyogenesis, early onset 
of WT, and GU abnormalities in males  [2, 3] . WTs from patients with  WT -
 aniridia - urogenital abnormalities - mental retardation syndrome ( WAGR ) and 
 Denys – Drash syndrome  ( DDS ) belong to this subtype of tumors. Embryonal 
remnants in the kidney, the  nephrogenic rests  ( NR ), are known precursor lesions 
for WT. Two classes of NR can be distinguished, the  perilobar NR  ( PLNR ) and 
the  intralobar NR  ( ILNR ), which differ in their location in the kidney: PLNR 
are found in the periphery and ILNR usually deep in the renal parenchyma  [4] . 
Kidneys with WT of the ideal Type I often contain ILNRs, and it was postulated 
that these occur early in nephrogenesis. The tumors arising from ILNR show 
a broader spectrum of differentiation with heterologous elements, such as rhab-
domyoblasts, cartilage, fat, and bone. 

 Patients with germline  WT1  mutations have a high risk of developing WT, often 
as  bilateral WT  ( BWT ) and independent secondary tumors  [3] . We have recently 
shown that the recurrent tumors, which developed after one year in both kidneys 
of a patient with a germline  WT1  mutation and bilateral tumors, were new inde-
pendent tumors. The molecular genetic analyses showed that the two primary and 
two secondary tumors had, besides the fi rst  WT1  mutation, LOH for 11p13. The 
analysis of  CTNNB1  showed that all four tumors had different mutations in this 
gene, a molecular proof of their independent genesis and the high selection pres-
sure for  CTNNB1  mutations in these tumors. In these WTs, three hits occurred; 
the fi rst is a germline  WT1  mutation, the second LOH of the  WT1  wildtype allele, 
and the third a  CTNNB1  mutation  [5] . 

 Our study of 117 patients with  WT1  germline mutations revealed a substantial 
variation in the age of onset, bilaterality, and associated anomalies depending on 
the type of  WT1  alteration  [3] . A correlation of the distribution of unilateral versus 
bilateral tumors with the type of mutation as well as with the position of the muta-
tion in the  WT1  gene is shown in Figure  14.1   . 



 Another subset of WTs is associated with PLNRs and epigenetic alterations in 
the 11p15 region, and this has been termed the ideal type II WT  [2] . A type II 
WT is characterized by a limited nephrogenic differentiation with mostly blaste-
mal or epithelial type histology, a later age of tumor onset, and heavier birthweight, 
and is observed in patients with overgrowth syndromes such as BWS and hemi-
hypertrophy. Tumors in this group have a higher proportion of either  loss of 
imprinting  ( LOI ) of genes located in 11p15, or chromosome 11  uniparental disomy  
( UPD )  [6] . In these tumors, a loss of the maternal allele is observed, which indi-
cates epigenetic and imprinting defects, and involves the telomeric imprinting 
domain ( IGF2 ) and the centromeric imprinted domain ( LIT1 , antitranscript of 
the  K  LQT 1 gene)  [7] . In these cases, aberrant expression of the  IGF2  gene, 
encoding a fetal growth factor being expressed only from the paternal allele during 
embryonal development, most likely is an important factor for the development 
of this type of WT. 

    Figure 14.1     Unilateral and bilateral tumors 
in patients with different  WT1  germline 
mutations, and correlation to the position of 
the mutation in the gene. Data are based on 
21 patients with WAGR syndromes or  WT1  
deletions, 32 with missense mutations, and 
68 with mutations resulting in a premature 

termination codon (modifi ed from ref.  [3] ). 
The  WT1  gene has a  nuclear localization 
signal  ( NLS ) from codon 267 to 326. The 
percentage of bilateral tumors is even higher 
in patients with a mutation resulting in 
a stop codon before the NLS.  
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 Besides tumor specifi c  CTNNB1  mutations, somatic alterations of another 
recently discovered gene,  WTX,  are found in approximately 10 to 20% of WT  [8] . 
Interestingly,  WTX  resides on the X chromosome, which undergoes X inactiva-
tion in females and therefore only one hit is necessary to inactivate the one 
functional copy of this gene. Alterations of  CTNNB1  are found in ideal Type I 
WT and are associated with  WT1  mutations, whereas  WTX  alterations were 
not observed together with mutations in  WT1 . Therefore, tumors with  WTX  
alterations may defi ne a third subset of WTs, or may be part of the ideal Type 
II tumors. 

 Tumor - specifi c genetic alterations are not discussed further in this review focus-
ing on hereditary tumors.  

  14.2 
 The   WT 1  Gene and Its Functions 

 The  WT1  gene consists of ten exons and encodes a transcription factor with 
four  zinc - fi nger  ( ZF ) motifs, of which numerous isoforms are known  [9] . Figure 
 14.2  shows the current status and complexity of the  WT1  gene. The  WT1  
expression pattern in fetal kidneys and various cells of the genital system points 
to its specifi c role in the early urogenital development, and in kidney differ-
entiation. In the developing kidney, the expression is seen fi rst in the condens-
ing metanephritic blastema, the highest expression occurring in the podocytes 
of the early glomerulus at a time when the cells pass through their strongest 
proliferation phase. In adults,  WT1  is only found in podocytes of the kidney, 
the Sertoli cells of the testis, and in the epithelial cells of the follicles of the 
ovaries.   

    Figure 14.2     Complex structure of the  WT1  
gene. The 10 exons of  WT1  are shown with 
the alternative exon 1a in intron 1. The  WT1  
transcript has three alternative translation 
start sites, an upstream in - frame CTG, the 
regular ATG start site (labeled with a thick 
arrow), and an in - frame downstream ATG, 
leading to a shorter protein. Exon 5 and the 

 “ KTS ”  amino acid sequence at the end of 
exon 9 are labeled in a striped pattern, and 
alternative usage of these sequences is found 
in all isoforms. In addition, transcription from 
an alternative promotor in intron 1, and 
production of the  AWT1  transcript, results in 
a shorter protein with a different amino 
terminus.  



 Expression of  WT1  during early development is associated with the conversion 
of mesenchymal cells to epithelial structures, implicating its function in epithelial 
differentiation.  

  14.3 
 Function of the   WT 1  Gene in the Development of the Kidneys 
and the Formation of Tumors 

 At present it is still not entirely clear how mutations, or the loss of the WT1 protein 
activity, contribute to tumor formation. An essential role for  WT1  in the course of 
normal kidney development has been demonstrated by studies of  wt1  knockout 
mice, which do not develop metanephritic kidneys and die prior to birth  [10] . The 
 WT1  negative metanephritic mesenchyme dies by apoptosis, demonstrating that 
the presence of  WT1  is necessary for the survival of these cells. In agreement with 
these observations, RNAi experiments in kidney organ cultures confi rmed that 
 WT1 , apart from its function as a differentiation factor, has a function as survival 
factor in kidney development  [11] . 

 Taken together, these observations suggest that cells lacking  WT1  activity cannot 
survive. Recent analyses have shown that most tumors with  WT1  loss due to muta-
tions at the same time have  CTNNB1  mutations  [12]  (and Uschkereit and Royer -
 Pokora, unpublished results). During the conversion of mesenchymal cells to 
epithelial structures in the kidney, interactive processes between different cell 
types involving WNT signaling play important roles. During WNT signal activa-
tion, the  β  - catenin protein is stabilized, and together with transcription factors of 
the TCF family activates WNT target genes. At the beginning of epithelial differ-
entiation, cell division activity will be reduced; this phase is accompanied by 
increased  WT1  expression, and simultaneous downregulation of the WNT signal-
ing pathway. In tumors lacking  WT1  and having a stabilizing  CTNNB1  mutation, 
the constitutively activated WNT signaling pathway might function as survival 
factor, and the cells remain in a proliferative phase. 

 WTs without  WT1  mutations usually show a strong expression of the WT1 
protein. In these tumors, the continuous expression of WT1 might promote their 
growth, suggesting an oncogenic effect of high  WT1  levels.  

  14.4 
 Wilms Tumor - Associated Syndromes 

 In the following, several syndromes and genetic diseases are presented, which are 
associated with an increased risk of WT. Due to space limitation, I refer to review 
articles for a more detailed description of these different syndromes. The clinical 
care of these patients, as well as suggested surveillance guidelines for early recog-
nition of tumors, was recently published in two comprehensive reviews by Scott 
 et al .  [13, 14] .  
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  14.5 
   WT 1  Gene Associated Syndromes 

  14.5.1 
 Aniridia and  WAGR  Syndrome 

 Sporadic  aniridia  ( AN ), the congenital absence of parts or the entire iris, occurs at 
a frequency of 1   :   100   000. Familial AN is inherited as an autosomal dominant 
disease, and is due to germline mutations in the  PAX6  gene. In 7.5/1000 WT 
patients, AN is observed. The risk for WT in sporadic AN patients is about 6%. 
When AN appears in conjunction with WT, GU, and mental retardation, a WAGR -
 syndrome is present, usually with a cytogenetically detectable deletion of chromo-
some 11p13. However, submicroscopic deletions may also be present, at least 
covering the  WT1  and  PAX6  genes, which are 647 kB apart. 

 The deletion of an entire copy of the  WT1  gene in male WAGR patients usually 
leads to mild forms of GU, such as hypospadias and/or maldescended testis. A 
detailed clinical description of WAGR patients and their clinical surveillance can 
be found in Fischbach  et al .  [15] . Breslow  et al .  [16]  analyzed 64 WAGR patients 
and found that the risk of synchronous or metachronous BWT was 17.2%, while 
BWT in non - WAGR patients occurred in 6.4%. Another important observation 
was that these patients, 11 to 27 years after the WT diagnosis, have a 53% risk of 
renal failure  [16] . Exact numbers for the tumor risk of WAGR patients are currently 
not available. 

 Therefore, it is recommended to examine newborns with sporadic AN for the 
presence of a  WT1  deletion, which confers a substantial risk for WT. Submicro-
scopic deletions may be identifi ed by fl uorescence -  in - situ  - hybridization or, more 
recently, by MLPA. An intragenic mutation in the  PAX6  gene confi rms an isolated 
form of AN, and the patients have a normal population risk for WT.  

  14.5.2 
 Genitourinary Anomalies ( GU ) and Isolated Nephrotic Syndrome ( NS ) 

 Male patients with germline  WT1  mutations often have GU anomalies, including 
kidney abnormalities, hypospadias, and maldescended testis. The presentation of 
GU is highly variable, and male patients with germline  WT1  mutations without 
GU were described. GU can be attributed to the functional loss of one  WT1  allele, 
called haploinsuffi ciency. Male patients with GU may have either deletions of the 
entire gene (as in WAGR), or of single exons or mutations in  WT1  that lead to 
premature protein truncation. In the majority of cases these are  de - novo  - mutations; 
however, some cases are known with transmission from an unaffected parent  [17] . 
Missense mutations in  WT1  such as those found in DDS patients usually lead to 
a more severe GU phenotype (see Section  14.5.3 ). 

 A WT develops only if at least the second  WT1  allele has been inactivated. 
Patients with a  WT1  germline mutation have a risk of at least 50% of developing 
a WT. 



 Isolated NS leading to terminal renal failure prior to the third year of life may 
also be due to a germline  WT1  mutation. In male patients this may be associated 
with GU, whereas in female individuals this is not easily attributed to  WT1 . In 
most NS cases, the histology is a  diffuse mesangial sclerosis  ( DMS ); however, in 
exceptional cases, this might also be a  focal - segmental glomerulosclerosis  ( FSGS ). 
Patients with early onset terminal kidney failure often have  WT1  missense muta-
tions in the ZF region and the analysis can be initiated with this segment of the 
gene. When fi nding a  WT1  mutation there is a high risk for the development of 
a WT. The clinical care of these patients should be the same as for DDS patients 
(see Section  14.5.3 ).  

  14.5.3 
 Denys – Drash Syndrome ( DDS ) 

 This combination of GU, NS, and WT is usually due to a germline  WT1  missense 
mutation in exons 8 or 9 (ZF2 and 3). In karyotypic male patients, the GU is highly 
variable, ranging from hypospadias to female external genitalia and streak gonads, 
leading to pseudohermaphroditism masculinus. Some XX individuals may have 
gonadal dysgenesis, but the majority have normal external female genitalia, and 
attract attention at fi rst by an isolated NS only. The early appearance of NS in 
patients with  WT1  missense mutations suggests that these act in a dominant 
negative fashion for normal renal function. However, a WT only develops if the 
second allele has been inactivated, and this explains why not every patient with 
DDS develops a WT. 

 The incidence for WT with over 90% is so high that, at present, in cases of 
acute terminal renal failure often a prophylactic bilateral nephrectomy is per-
formed, preventing the development of a WT. It is recommended to examine 
male patients with GU and early NS, as well as female patients with early NS, 
for  WT1  mutations. In patients with  WT1  missense mutations, the percentage 
of BWT is lower (19%) than in patients with deletions (24%) or mutations 
leading to premature protein truncation (52%) (Figure  14.1 ). The percentage 
of bilateral tumors increases to 80% when the mutation results in a stop 
codon at an amino acid before codon 267, which is the position for a nuclear 
localization.  

  14.5.4 
 Frasier - Syndrome ( FS ) 

 FS is characterized by NS associated with gonadal dysgenesis and a risk for 
gonadoblastoma, but a low risk for WT. The NS is typically an FSGS, leading to 
renal failure later in life than in DDS patients. In XY individuals, sex reversal is 
common. Patients with FS have germline mutations in intron 9 of the  WT1  gene, 
leading to altered splicing and loss or reduction of the +KTS isoform. This shows 
that a correct ratio of the + and  − KTS  WT1  isoforms is necessary for normal male 
genital development.   
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  14.6 
 Non -   WT 1  Gene Associated Syndromes 

  14.6.1 
 Overgrowth Syndromes 

 Patients with several overgrowth syndromes have an increased risk of malignancy 
including WT; however, the risk seems to be low. Some overgrowth syndromes 
with a specifi c WT risk are briefl y described in the following. 

  Beckwith – Wiedemann syndrome  ( BWS ) patients have a risk between 4 
and 21% of developing embryonal tumors, where WT is the most frequent. 
Characteristics of BWS are prenatal and postnatal overgrowth, macroglossia, 
abdominal wall defects, ear creases and pits, neonatal hypoglycaemia, and hemi-
hypertrophy. More than 80% of the cases are sporadic; in the familial cases, an 
autosomal dominant inheritance with varying expressivity and reduced pene-
trance has been observed. BWS is genetically heterogeneous and caused by the 
deregulation of imprinted genes, located in close proximity at chromosome 
11p15. 

 The maternal/paternal expression of these genes is regulated by two imprint-
ing centres  [7] . An increased tumor risk of BWS has been observed when the 
activity of growth promoting genes such as  IGF2  is increased; however, this 
is not the case when germline mutations in the  P57  gene are present  [7] . This 
demonstrates that the analysis of the underlying molecular alterations in BWS 
is important, in order to identify those individuals with an increased tumor 
risk. 

 Perlman syndrome is another rare autosomal - recessive overgrowth syndrome 
with a high neonatal mortality. Of the 21 cases with Perlman syndrome described, 
7 had developed a WT. WT was also observed in patients with the  Simpson –
 Golabi – Behmel – Syndrome  ( SGBS ). SGBS is due to mutations or deletions in the 
 glypican3 (GPC3)  gene on Xq26. Up to now, 3 out of 35 SGBS - patients with identi-
fi ed  GPC3  mutations had developed a WT.  

  14.6.2 
 Familial Wilms Tumors 

 Studies of some large families with WT in several generations did not show 
linkage to  WT1 . An autosomal dominant WT predisposition gene has been mapped 
to 17q21 ( FWT1 ), but the causative gene has not been identifi ed so far. In  FWT1,  
the penetrance for WT is approximately 30%, and no LOH of 17q was observed 
in the tumors, therefore  FWT1  might not function as a classical tumor suppressor 
gene. Another peculiarity of  FWT1  is the fact that the tumors occur late (medium 
age of diagnosis: 6 years) and present at a higher stage than sporadic WT. In other 
families, neither a linkage to chromosome 17q nor 19q has been discovered so 
that, still, another familial WT gene has to be postulated.  



  14.6.3 
 Tumor Predisposition Syndromes 

 WT can also be observed in families with other genetic tumor predisposition 
syndromes, such as  neurofi bromatosis  (  NF1  ), hyperparathyroidism - jaw - syndrome 
 (HPT - JT, HRPT2, parafi bromin),  and Li – Fraumeni - syndrome ( TP53 ). WT also 
appears in patients with  Blooms syndrome  ( BS ), an autosomal recessive disease 
with pre -  and postnatal growth delay, teleangiectases, sun sensitivity, hyperpig-
mentation, and predisposition for malignant tumors. BS cells show an increased 
rate of somatic crossover, caused by biallelic inactivation of the  BLM  gene, a 
DNA helicase. This leads to hemizygosity and homozygosity of parts of the 
genome, and in consequence to the functional inactivation of tumor suppressor 
genes. 

 In  Mulibrey  nanism ( MUL ), a rare autosomal - recessive disease involving various 
tissues of mesodermal origin, WT has been observed. MUL is characterized by 
growth retardation, distinctive facial features, and hepatomegaly. This is due to 
mutations of the  TRIM37  gene, an ubiquitin E3 ligase. It occurs hardly anywhere 
else but in the Finnish population with a frequency of 1   :   40   000. WT has been 
observed in 2 out of 40 MUL patients. 

 Recently, there have been reports on families where several children had differ-
ent tumor illnesses; for instance, in one family one child had myeloid leukemia, 
one WT, and one medulloblastoma. It turned out that these children had biallelic 
 BRCA2  mutations, and this corresponds to the  Fanconi anaemia  ( FA ) subgroup 
D1  [18] . FA is an autosomal recessive disorder characterized by short stature, radial 
ray defects, and bone marrow failure. Heterozygous constitutional mutations in 
 BRCA2  predispose to breast and ovarian cancers, however not to childhood 
cancers. Children from these rare families with biallelic inactivation of  BRCA2  
show spontaneous chromosome breaks in their cells, but have less of the typical 
stigmata for FA. The tumor spectrum includes a high risk for WT and brain 
tumors. Often, the bi - allelically affected children developed their tumors prior to 
their parents who, as carriers of  BRCA2  mutations, also have an increased tumor 
risk as adults. 

 WT also rarely occurs in patients with mosaic variegated aneuploidy, which is 
characterized by constitutional mosaicism for losses and gains of whole chromo-
somes, and is based on a mutation in  BUBIB,  a spindle control gene. An increased 
risk is also observed in patients with trisomy 13 and 18  [13] .  

  14.6.4 
 Malignant Renal Rhabdoid Tumor ( MRR ) 

 A detailed clinical and pathological description of the various forms of non - WT 
renal tumors can be found in  [19] . MRR was originally classifi ed as an unfavorable 
subtype of WT with a rhabdomyosarcomatoid histological pattern. It is a rare and 
aggressive kidney tumor occurring in early infancy. Occasionally, separate tumors 
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outside of the kidney may occur, most frequently CNS tumors, now called atypical 
teratoid - rhabdoid tumors. Both types of tumors show inactivation of the  hSNF5/
INI1  gene on 22q11, and many are constitutional changes of one allele  [20] . The 
second allele may be inactivated by different mechanisms in primary renal tumors 
and primary tumors of the CNS, indicating their independent origin. Biallelic 
inactivation of this gene has been observed in sporadic renal rhabdoid tumors and 
in choroid plexus tumors, medulloblastoma, and neuroectodermal tumors. 

 The  hSNF5/INI1  gene is a core subunit of the chromatin - remodeling complex 
SWI/SNF. This complex alters histone - DNA interactions in an ATP dependent 
process, thereby regulating (activating or repressing) many genes  [21] . The complex 
consists of approximately 10 subunits, and loss of the activity of some of these 
genes is found in many human cancers. Mice with a reversibly inactivating condi-
tional allele of  Snf5  have a highly penetrant cancer predisposition phenotype, and 
100% of the mice develop T - cell lymphoma and rhabdoid tumors after a short 
latency period  [22] . It is of interest that these mice develop a limited spectrum of 
tumors only. In these mice it was also observed that loss of  Snf5  expression results 
in death of many cell types, therefore the normal function is required for survival 
of all non - malignant cells. An explanation for this contradiction may be that loss of 
 Snf5  results in a change of the epigenetic state of a cell leading to cell death, unless 
additional mutations occur which lead to the development of cancer  [22] . 

 The genomic location of the  hSNF5/INI1  gene at 22q11 is at the same position 
of micro - deletions in 22q11.2, found in patients with  DiGeorge/Velocardiofacial 
syndrome  ( DGS/VCFS ). These micro - deletions occur with a frequency of 1/3000 
to 1/5000 in newborns, and are associated with a variable expression of neonatal 
hypocalcemia, various heart defects, abnormal faces with ear abnormalities, hypo-
plasia, or absence of the thymus (resulting in immune defects) and the parathy-
roid. The children may be of short stature and present with mild to moderate 
learning diffi culties. The phenotype is highly variable, this in part being explained 
by different sizes and positions of the deletions. A common deleted region of 3 
Mb proximal of the  hSNF5/INI1  gene has been defi ned, but patients with dele-
tions entirely outside of this region were also identifi ed  [23] . In addition, micro -
 duplications of the same genomic region have been observed. The 22q11.2 genomic 
segment contains many low - copy repeats, which have about 95% sequence 
homology and appear to cause aberrant recombinations leading to deletions or 
duplications. 

 Wieser  et al . described a patient with a 22q11 micro - deletion syndrome pheno-
type who developed a rhabdoid tumor of the kidney  [24] . The cytogenetic and 
molecular studies of this patient revealed a complex rearrangement of the band 
q11 on the paternal chromosome 22, involving a micro - duplication and a micro -
 deletion telomeric of the duplicated segment. The deletion extended beyond the 
previously identifi ed common deleted region, and included the  hSNF5/INI1  gene. 
In the tumor, the second allele of the gene was inactivated by a frameshift muta-
tion  [24] . In addition, using high - density single nucleotide polymorphism array 
analysis, fi ve patients with  malignant rhabdoid tumors  ( MRT ) and germline dele-
tions of 22q11.2, including the  INI1  locus, were recently described. In two patients, 



phenotypic fi ndings were suggestive, but non - conclusive for the DGS/VCFS syn-
drome. The molecular studies of these two patients revealed a more distally located 
deletion outside of the typically deleted segment. The other three patients had 
smaller deletions including the  INI1  gene, and they had two or more primary 
tumors  [25] . The mechanism leading to deletions in these patients could be similar 
to those found in DGS/VCFS syndrome patients, involving aberrant recombina-
tion events of low copy repeat sequences. 

 The variable phenotype observed in these patients makes it diffi cult to decide 
who should be screened for  INI1  deletions. However, modern FISH techniques 
using a BAC probe covering the  INI1  locus, or newer techniques such as MLPA, 
could be used in the future to identify 22q11 micro - deletion patients with an 
increased risk of MRR.   

  14.7 
 Micro - Deletion Syndromes and Tumor Risk 

 WT and MRR now have a common feature: both may occur in patients with micro -
 deletion syndromes. A tumor risk is only observed if the respective tumor sup-
pressor gene resides within the deleted segment. Therefore, molecular studies 
defi ning the endpoints of the deletions are warranted in these cases to identify 
patients with an increased tumor risk, and to start surveillance programs for early 
tumor detection.  

  14.8 
 Recommendations for Genetic Counseling and Therapy 

 For patients with the diseases and syndromes described above, who are open to a 
(presymptomatic) molecular analysis and have not yet developed a tumor, genetic 
counseling is recommended prior to the molecular test. It would also be highly 
desirable that patients who have already presented with a tumor are counseled 
before a molecular genetic analysis is performed, and that the possible results and 
their consequences are explained to them or their parents. 

 In Europe and North America most children with Wilms tumors can be cured 
with current treatment protocols. In North America this involves primary resection 
of the tumor after clinical and imaging assessment. This is followed by chemo-
therapy with two or three drugs: dactinomycin, vincristine, and doxorubicin. Only 
in patients with relapses, four other drugs may be added: cyclophsophamide, 
ifosfamide, carboplatin, and etoposide  [26] . Most European studies, which are 
mainly organized by the  Soci é t é  International d ’ Oncologie P é diatrique  ( SIOP ), 
focus on developing stage specifi c strategies after prenephrectomy chemotherapy. 
This involves delaying staging and histopathological diagnosis until after surgery 
 [26] . Postoperative chemotherapy is based on stage of the disease and response to 
therapy. 
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  A hereditary predisposition to  renal cell cancer  ( RCC ) is suspected when a patient 
with RCC has a fi rst - degree relative who has also been diagnosed with RCC, or in 
an individual patient presenting with bilateral and/or multiple tumors. The clinical 
diagnosis of hereditary RCC can be confi rmed by germline DNA testing of the 
main predisposing genes ( VHL  for Von Hippel – Lindau disease,  MET  for  heredi-
tary papillary RCC  ( HPRC ),  FH  for hereditary leiomyomatosis RCC, and  BHD  for 
Birt – Hogg – Dub é  syndrome). In patients with clear cell RCC,  VHL  analysis is the 
fi rst step and, if negative, should be followed by karyotyping for chromosome 3 
translocations. Patients with papillary Type 1 RCC should be considered for  MET  
analysis, and those with papillary Type 2 RCC for  FH  analysis. In patients with 
a chromophobe RCC or an oncocytoma, genetic analysis of the  BHD  gene is 
indicated. 

 Once a disease causing germline DNA mutation has been demonstrated in a 
family, genetic testing may be offered to at - risk relatives, and clinical follow - up 
has to be initiated for carriers of the familial germline mutation. A close surveil-
lance of the kidneys is recommended in the index patient and in the fi rst - degree 
relatives, and of all families with a high suspicion of a hereditary renal cancer 
syndrome, even if the genetic factor has not been genetically characterized. Treat-
ment by nephron - sparing surgery should be considered in hereditary forms of 
RCC.      

  15.1 
 General Introduction  [1 – 4]  

 Cancers of the kidney account for approximately 1.5% of all cancer related deaths. 
Less than 5% of these tumors are hereditary. Having a fi rst - degree relative affected 
with renal cancer is a recognized risk factor for  renal cell carcinoma  ( RCC ). Famil-
ial or hereditary RCCs are characterized by: (i) early ages of onset compared to 

Summary
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sporadic cases; (ii) frequent bilateral occurrence; and (iii) multifocality. Renal 
cancer is not a single disease. It is made up of a number of different types of 
cancer occurring in the kidney. The different types of renal cancer have distinct 
histological characteristics, different clinical courses, and different underlying 
gene defects. Two main types of renal cancers are distinguished: RCC and transi-
tion cell cancers of the renal pelvis have specifi c hereditary causes and therefore 
will be discussed separately.  

  15.2 
 Renal Cell Carcinoma  [5, 6]  

  15.2.1 
 Introduction 

 RCCs represent about 90% of all renal neoplasms. Based on their location within 
the nephron and the cell type from which the tumors originate, a classifi cation 
system has previously been introduced in which epithelial cells of the proximal 
part of the renal tubule give rise to clear cell RCC (also referred to as conventional 
or non - papillary RCCs) (75%), and papillary RCCs (also referred to as chromo-
philic RCCs) (10 – 15%), whereas the collecting tubule of the nephron gives rise 
to chromophobe RCCs (5%) and renal oncocytomas (5%). At present, several 
genes related to these cancer syndromes have been identifi ed, including the 
 VHL, MET, BHD , and  FH  genes. The respective syndromes show dominant 
inheritance patterns. The identifi cation of a predisposing gene offers the possibil-
ity for surveillance of mutation carriers with the possibility of earlier diagnosis and 
treatment.  

  15.2.2 
 Familial Clear Cell  RCC  

  15.2.2.1   Von Hippel – Lindau ( VHL ) Disease  [7 – 14]  
 Although VHL is a rare autosomal dominant disorder with a birth incidence of 1 
per 35   000, the disease is the main cause of inherited RCC. The RCCs in VHL are 
mostly multiple and bilateral  [7, 9] . Although RCC is the presenting feature in only 
10% of the patients with VHL disease, the risk of developing a RCC rises to 70% 
by the age of 60 years. The mean age of a RCC in VHL at diagnosis is 40 to 44 
years, and is very rare below age 20  [8] . VHL disease should therefore be suspected 
in all cases with young onset, familial clustering, or multiple renal clear cell 
carcinomas. 

 VHL is a tumor predisposition syndrome that is characterized by a wide variety 
of tumors, the most frequent being retinal angioma (60% of patients), cerebellar 
(60% of patients), spinal (13 – 44%) and brainstem haemangioblastomas (18%), 
clear cell RCC (28%), and phaeochromocytomas (7 – 20%). Renal cysts, pancreatic 
cysts, and  endolymphatic sac tumors  ( ELST ) are also relatively common fi ndings 
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 [7] . Less frequent is the occurrence of non - secretory endocrine pancreatic tumors 
and broad ligament cystadenoma. The clinical diagnostic criteria for VHL disease 
are: 

   •      In isolated cases:  
   –      two or more hemangioblastomas (retinal or CNS),  
   –      a single hemangioblastoma in association with a visceral tumour or ELST.    

   •      In familial cases: 
    –      a family history of retinal or CNS hemangioblastoma,  
   –      one hemangioblastoma, ELST or visceral tumour.      

 The VHL gene is a tumor suppressor gene located on 3p25 - 26, and has a func-
tion in the oxygen - sensing pathway  [10 – 12] . There is evidence that there are VHL 
modifi er genes that might explain the existence of phenotypical subtypes. Somatic 
inactivation of the VHL gene by mutation or hypermethylation is found in up to 
70% of sporadic clear cell RCCs  [14] . 

 RCC may arise from the wall of renal cysts, and complex cysts require careful 
follow - up. Early detection of renal tumors can be established by ultrasound, CT, 
or  magnetic resonance imaging  ( MRI ). The screening recommendations for VHL 
are: 

   •      Yearly eye examinations and blood pressure monitoring, starting by age 5;  
   •      Yearly 24 - hour urine collection test for elevated catacholamines, starting at age 

10;  
   •      Yearly abdominal ultrasounds, MRI, and/or CT scan, starting at age 15.     

  15.2.2.2   Constitutional Chromosome 3 Translocations  [14 – 20]  
 Chromosome 3 anomalies are the explicit hallmark of sporadic clear cell RCCs. 
Until now, 8 RCC families with constitutional chromosome 3 translocations have 
been reported: t(1;3)(q32;q13), t(2;3)(q33;q21), t(2;3)(q35;q21), t(3;4)(p13;p16), 
t(3;6)(p13;q25), t(3;6)(q12;q15), t(3;8)(p13;q24), and t(3;8)(p14;q24). In addition, 
2 sporadic RCC cases with constitutional translocations t(3;11)(p14;q15) and 
t(3;12)(q13;q24), respectively, have been described  [14 – 20] . 

 RCCs caused by a chromosome 3 anomaly are mainly multifocal and bilateral. 
Both loss of heterozygosity and VHL mutations were identifi ed in tumors from 
such patients, and a three - step model for the development of RCC was proposed. 
Inheritance of a germline chromosome 3 balanced translocation would be followed 
by a non - disjunctional loss of the derivative chromosome that carries the 3p 
segment, and a somatic inactivation by mutation or hypermethylation of the 
remaining VHL gene. Other genes disrupted by translocation breakpoints could 
also be involved in renal tumorigenesis ( FHIT, TRC8, DIRC2, DIRC3, LSAMP , and 
 NORE1A ). Some of these genes have been shown to act as tumor suppressors. 

 In 100 Dutch RCC families, a screening program aimed at early detection 
has been initiated, including yearly ultrasound examinations of the kidneys, and 
analysis of urine sediments  [18, 19] . As a result of this program, several novel 
tumors were detected and removed surgically. In addition, they were subjected to 
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cytogenetic and molecular analyses, thereby substantiating the previously pro-
posed multi - step RCC model. Although the positions of the translocation break-
points clearly varied between the different families reported so far, they all mapped 
in the proximal p -  and q - arms of chromosome 3. This notion is in full agreement 
with observations made in sporadic RCC cases, as listed in the Mitelman catalog 
of chromosome aberrations in cancer ( http://cgap.nci.nih.gov/chromosomes/
mitelman ). Such a breakpoint distribution may be related to the location of puta-
tive RCC - causing genes within these regions and/or a lack of compatibility with 
cell survival, when major parts of chromosome 3 are lost during subsequent RCC 
development.  

  15.2.2.3   Familial Clear Cell Renal Cell Cancer ( FCRC )  [21, 22]  
 Families with renal carcinoma in multiple family members, who do not have one 
of the known inherited forms of renal carcinoma, are considered to have FCRC. 
A sibling of a patient with RCC is 2.5 times more likely to have RCC than a 
member of the general population. A few families have been reported worldwide 
with 2 to 5 affected members. In contrast to other familial renal carcinomas, the 
diagnosis of RCC is made relatively late in life ( > 50 years) in these cases and 
tumors occur in general unilaterally and solitary. Very likely, FCRC is a heteroge-
neous entity, but it is not yet excluded that it might also represent a single 
entity.  

  15.2.2.4    SDHB  - Associated Heritable Paraganglioma  [23]  
 Autosomal inherited multiple paragangliomas are characterized by the occurrence 
of paragangliomas in the head and neck (31%), and pheochromocytomas, either 
adrenal (28%) or extraadrenal (48%). Multiple tumors occur in 28% of the patients. 
The onset is on average at 30 years of age, and it has a penetrance of 77% by 50 
years of age. The cause is a germline mutation in one of the genes encoding the 
different subunits of the mitochondrial enzyme succinate dehydrogenase ( SDHB, 
SDHC , and  SDHD ). Three cases of clear cell RCC occurring at a young age have 
been reported recently in patients with germline mutations in the  SDHB  gene 
(located on chromosome 1p36), but generally appear less common in this disorder. 
No corresponding somatic mutation has been found in sporadic RCC.  

  15.2.2.5   Tuberous Sclerosis Complex ( TSC )  [24, 25]  
  Tuberous sclerosis  ( TS ) is an autosomal dominant hamartomatous disorder with 
an incidence of 1 per 6000 to 25   000 live births. It is a multi - system disorder affect-
ing skin, eyes, CNS, teeth, bones, heart, lungs, and kidney. The skin features such 
as facial angiofi broma, white ash leaf - shaped macules, shagreen patch, and sub-
ungual fi bromata, are characteristic and will raise the suspicion for this syndrome. 
TS is well - known by nephrologists because of the occurrence of multiple renal 
angiomyolipomas ( ∼ 45%) and cysts ( ∼ 30%). Clear cell RCCs have only been 
observed in 1 to 2% of cases. 

 Two genes have been identifi ed that are causative for TSC. The  TSC1  gene, 
located on chromosome 16p13.3, encoding the protein hamartin, and the  TSC2  
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gene, located on chromosome 9q34.3, encoding tuberin. Both genes acting as 
tumor suppressors are critical regulators of cell growth and proliferation, and are 
physically interactive. In approximately two - thirds of the patients there is no family 
history of TSC, and these patients apparently have a  de novo  mutation. In about 
70 to 80% of the individuals that fulfi l the defi nite diagnostic criteria, a  TSC1  or 
 TSC2  mutation can be detected. The remaining patients rather have mutations in 
unanalyzed noncoding regions or somatic mosaic mutations, than that an addi-
tional TSC locus is suspected. In familial cases there is an equal distribution in 
 TSC1  -  and  TSC2  - gene mutations, but in the  de novo  cases the majority ( ∼ 80%) 
have a mutation in the  TSC2  gene.  TSC2  is located adjacent to the  autosomal 
dominant polycystic kidney  locus ( APKD1 ). The presence of severe renal cystic 
disease is strongly correlated with deletions in both  TSC2  and  APKD1  genes. 
Patients with the  TSC2  mutations tend to have a more severe phenotype with an 
increased prevalence of mental retardation, autistic disorders, and infantile spasm, 
and multiple clinical fi ndings are more frequent in this group.   

  15.2.3 
 Familial Papillary  RCC  

  15.2.3.1   Hereditary Papillary RCC ( HPRC )  [26]  
 Papillary renal cell carcinomas and clear cell renal cell carcinoma are both thought 
to originate from the proximal renal tube, even though they are caused by a dif-
ferent gene defect. HPRC appears less aggressive stage - for - stage than FCRC. Type 
I HPRC causes less aggressive basophilic tumors that have a favorable prognosis. 
Type 2 causes eosinophilic tumors with a worse prognosis. HPRC is caused by 
activating missense mutations in the  MET  proto - oncogene located in 7q31, encod-
ing a receptor tyrosine kinase that is normally activated by  hepatocyte growth factor  
( HGF ). The disease is highly penetrant, that is, in gene carriers there is a high 
life - time risk of papillary kidney cancer. The renal cancer in HPRC, in general, 
has a late onset in the fourth to sixth decade of life. 

 The MET – HGF signaling pathway is important for cell proliferation, epithe-
lial – mesenchymal transition, branching morphogenesis, differentiation, and regu-
lation of cell migration in many tissues. The renal tumors in HPRC often show 
trisomy 7, including two of the chromosomes that harbor the  MET  gene muta-
tions. This suggests that the duplication of chromosome 7 provides the second 
activating event in renal cells that is important in tumorigenesis  [27] . Somatic 
mutations of MET are encountered in 13% of sporadic papillary Type 1 RCC.  

  15.2.3.2   Hereditary Leiomyomatosis Renal Cell Cancer ( HLRCC )  [28, 29]  
 HLRCC is a hereditary cancer syndrome in which affected individuals are at risk 
of developing multiple cutaneous and uterine leiomyomas, bladder cancers, and 
solitary papillary Type 2 RCCs. The RCCs are the most aggressive of the familial 
types, metastasize early, and in this way show a very different clinical course than 
the renal tumors in patients with VHL, HPRC, and BHD. HLRCC is caused by 
germline mutations in the tumor suppressor gene  FH  located at 1q42 - 43, encoding 
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the mitochondrial Krebs cycle enzyme  fumarate hydratase  ( FH ). About 40 differ-
ent  FH  mutations have been identifi ed and are distributed throughout the entire 
gene without evidence of a genotype – phenotype correlation  [29] . Somatic muta-
tions of  FH  are very rare in sporadic tumors. Because of the increased risk for 
RCC and the aggressive nature of the tumors, screening for kidney cancer is 
advised in HLRCC families.  

  15.2.3.3   Hyperparathyroidism – Jaw Tumor ( HPT - JT )  [30]  
 HPT - JT predisposes to multiple parathyroid adenomas, fi bro - osseous tumors of 
the jaw, and a variety of renal lesions including cystic kidney disease, hamartomas, 
mesoblastic nephromas, and late - onset Wilms tumors. A papillary RCC was 
described in only one patient. The HRPT2 gene is mapped to chromosome 
1q24 - 32. It acts as a tumor suppressor gene and encodes a new protein with 
unknown function, named parafi bromin. Cloning efforts are currently continuing 
to isolate the gene, which may play a general role in the renal tumorigenesis.  

  15.2.3.4   Papillary Thyroid Carcinoma with Associated Renal Neoplasia 
( FPTC - PRN )  [31]  

 In 5% of cases, papillary thyroid carcinomas occur in a familial context in associa-
tion with benign nodular thyroid disease. A large three - generation family has been 
reported, with two affected members having associated multifocal papillary RCC 
or adenomas, and another member with renal oncocytomas. A link between renal 
involvement by PRCC and the germline abnormalities that are related to familial 
papillary thyroid carcinoma is suspected, but has not been determined. The gene 
responsible for familial papillary thyroid neoplasia is to be identifi ed.   

  15.2.4 
 Familial Chromophobe  RCC  and Oncocytomas 

  15.2.4.1   Birt – Hogg – Dub é  syndrome ( BHD )  [32 – 36]  
 BHD is an autosomal dominant genodermatosis that predisposes individuals to 
the triad of benign cutaneous lesions of the face, neck, and upper torso (fi brofol-
liculomas (84%), trichodiscomas and acrochordons), spontaneous recurrent pneu-
mothorax (11 – 32%) and/or lung cysts (85%), and renal tumors. The skin lesions 
usually develop in the third or fourth decade of life. RCC may develop in 6 to 
30% of gene carriers, with a mean age of diagnosis of 43 years  [35] . The tumors 
are often bilateral and multifocal. A unique feature among the hereditary renal 
cancers is the variety of histologic types of renal tumors in BHD, including 
chromophobe (35%) and chromophobe – oncocytic hybrid RCCs (50%), but clear 
cell RCC (5%), oncocytomas (5%) and rarely papillary RCCs (5%) have also been 
observed. Colorectal polyps and tumors have been reported in some BHD families 
 [32] , but not in a risk - assessment study  [34] . The disease is caused by germline 
mutations in the  FLCN  gene, a gene with a tumor suppressor role located on 
chromosome 17p11.2. In approximately half of the BHD patients, there are no 
known affected relatives  [36] . Mutation detection is high (69 – 84%) in patients 



with skin manifestation of BDH  [35, 36] . Due to the increased risk of kidney 
cancer, yearly screening with ultrasound, MRI, or CT scan should be considered 
starting at age 25.   

  15.2.5 
 Medullary Renal Carcinoma ( MRC )  [37 – 39]  

 Medullary carcinomas of the kidney are very rare, highly aggressive tumors that 
occur in young, often black patients with the sickle cell trait. The mean age of 
onset is between 11 and 39 years, and males predominate in this age group by 3 
to 1. However, beyond age 24, the tumors occur equally in men and women. 
Hematuria is the most frequent initial symptom (60%). Medullary tumors are 
usually large and centrally located with adjacent lymphadenopathy, and as a rule 
already have metastasized when fi rst discovered. The mean survival is only 15 
weeks. These tumors most likely arise in the collecting ducts in or near the renal 
papillae. With ultrasound and CT - scan, an infi ltrative and indefi nite mass arising 
in the central region of the kidney, and invasion into the renal sinus can be 
detected. Characteristically, small multifocal nodules are seen in the medullary 
portion of the kidney. 

 The gene for sickle anemia trait is located on the short arm of chromosome 11. 
In one patient, a monosomy of chromosome 11 was reported  [38] , but in all other 
cases no specifi c genetic abnormality has been associated with renal medullary 
carcinoma. The genes associated with medullary carcinoma do not cluster with 
those of clear cell or papillary renal cell carcinoma; however, there was close clus-
tering with transition cell carcinoma  [39] .   

  15.3 
 Transition Cell Cancers of the Renal Pelvis 

  15.3.1 
 Lynch Syndrome  [40 – 45]  

 Urothelial cell carcinoma of the upper urinary tract, also called transitional cell 
carcinoma, are relatively uncommon tumors representing about 5% of the upper 
urinary tract tumors. Although familial occurrence has been reported, most cases 
are acquired and not inherited. 

 First - degree relatives with urothelial carcinoma have a two - fold increased risk 
 [40] . Some families with Lynch syndrome demonstrate a predisposition to transi-
tional cell carcinoma of the ureter and renal pelvis, but not to renal parenchymal 
tumors. Lynch syndrome or the  hereditary nonpolyposis colorectal cancer  syn-
drome ( HNPCC ) is an autosomal dominant inherited disorder caused by a germ-
line mutation in one of the mismatch repair genes  MLH1, MSH2, MSH6 , or 
 PMS2  (see Chapter  17  on Lynch syndrome (HNPCC)). Carriers of such a mutation 
are at high risk of developing colon cancer, in particular the proximal colon. Most 
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patients with Lynch syndrome develop tumors at a young age, often before the 
age of 45 to 50. In addition, there is increased risk of extracolonic cancer, such 
as cancer of the endometrium, ovary, stomach, small bowel, hepatobiliary tract, 
urether, and renal pelvis. Although the overall increased risk is more than 20 - fold 
the risk of the normal population, possibly somewhat higher for urethral urothelial 
carcinoma than for renal pelvic urothelial carcinoma, the absolute life - time risk 
for mutation carriers is 4 to 10%  [41 – 45] .  

  15.3.2 
 Diagnostic Recommendations  [46 – 49]  

 A hereditary predisposition to RCC should be suspected when a patient with RCC 
has a fi rst - degree relative who has also been diagnosed with RCC. An inherited 
syndrome is also suspected in patients presenting with an apparent sporadic 
RCC, when the tumor is bilateral and/or multiple, or appears at a young age 
because of the high and life - long risk of recurrence  [2, 3, 46] . When the diagnosis 
of familial RCC has been made, fi rst - degree relatives at risk should be identifi ed 
and advised to have genetic counseling. A detailed pedigree with family history 
should be obtained, and a thorough examination carried out since VHL, BHD, 
and HLRCC have extrarenal manifestations, and physical examination, ophthal-
mologic, neurological, dermatological examinations, and radiology may be helpful. 
Although a careful medical and family history in combination with physical exami-
nation can identify VHL, BHD, and HLRCC affected patients, other syndromes 
can only be detected when renal tumors have been diagnosed. The effective clini-
cal management of patients with an inherited predisposition to RCC requires an 
early diagnosis of the syndrome, close kidney surveillance, and specifi c treatment 
of renal tumors, in addition to other potential manifestations specifi c to each 
condition. 

 The clinical diagnosis can be confi rmed by genetic testing in most cases, since 
analysis of the main predisposing genes ( VHL, MET, BHD , and  FH ) is now avail-
able  [2] . The required genetic investigations depend on the histological type of 
renal tumor, and the associated features present in some of the hereditary renal 
cancer syndromes  [2] . In patients with clear cell RCC, VHL analysis is the fi rst 
step and, if negative, should be followed by karyotyping to look for potential chro-
mosome three translocations. Patients with papillary Type 1 RCC should be con-
sidered for MET analysis, and those with papillary Type 2 RCC for FH analysis. 
In patients with chromophobe RCC or oncocytomas, genetic analysis of the  BHD  
gene is indicated. Once a specifi c genetic anomaly has been demonstrated in the 
proband, genetic testing may be offered to at - risk relatives, and clinical follow - up 
has to be initiated for carriers of the familial germline mutation  [2] . 

 A close surveillance of the kidneys is recommended in the index patient and 
in the fi rst - degree relatives, of all families with high suspicion of a hereditary 
renal cancer syndrome, even if the genetic factor has not been genetically 
characterized. 



 The available guidelines for the follow - up of patients with hereditary RCC are 
scarce. The standard evaluation of patients with suspected renal cell tumor includes 
an ultrasound and/or CT scan of the abdomen and pelvis, urine analysis, and urine 
cytology. Screening for microscopic hematuria in individuals with an increased 
risk for urinary tract malignancies is not invasive; however, it is not clear if 
microscopic hematuria is an appropriate and useful screening marker for these 
malignancies  [47] . Ultrasound evaluation for the surveillance of renal masses can 
demonstrate such masses, as small as 1.5   cm with 80% accuracy  [48] . This tech-
nique is therefore insensitive to small renal masses and can lead to a false - negative 
diagnosis  [46] . CT - scan with contrast is the best single choice for surveillance. 
Gadolinium - enhanced MR imaging is the second choice for this purpose. It is 
supplementary to CT imaging, but the overall accuracy in the differentiation of 
tumors is higher with MRI than with CT imaging. 

 Clearly, not all reported hereditary forms of renal cancer have the same risk and 
the same tumor phenotype. Patients with an aggressive phenotype, such as HLRCC 
and MRC, should undergo imaging relatively frequently, every 3 to 6 months, 
whereas patients with a mild phenotype and lower risk for RCC, such as SDHB -
 associated heritable paraganglioma, TSC, and HPT - JT, may undergo imaging at 
2 -  to 3 - year intervals.  [46]  

 The recommendation of surveillance for upper urethelial tract carcinoma in 
patients with Lynch syndrome is strongly disputed. Surveillance is only recom-
mended in Lynch syndrome families with a documented urothelial tumor of the 
upper tract in a fi rst - degree relative, and there are even some that believe that 
surveillance is these cases is not indicated  [49] . There is no well - established screen-
ing test available, but the usually followed management is urinalysis, urine cytol-
ogy, and periodic upper tract imaging by ultrasound every 1 to 2 years starting at 
the age of 25 to 30.  

  15.3.3 
 Therapeutic Recommendations  [50 – 53]  

 In hereditary forms of RCC, nephron - sparing treatment regimens should be con-
sidered. These regimens include observation for clear cell RCC less than 3   cm in 
diameter in families with VHL, percutaneous ablation by radiofrequency or cryo-
therapy, or nephron sparing surgery. Promising results have been obtained, but 
close follow - up with imaging studies of treated lesions and long - term experience 
is still lacking  [50, 51] . Nephron - sparing surgery is the standard method of treat-
ment for patients with inherited RCC who tend to have multiple tumors, often 
requiring recurrent operations, but nephrectomy may be necessary in the course 
of the disease or because of the diagnosis of locally advanced RCC  [52] . Observa-
tion of patients with hereditary forms of RCC until their tumors grow 3   cm or 
larger, followed by the enucleation or removal of all lesions once they reach this 
size threshold, has led to extremely few deaths from metastatic RCC in families 
with VHL, and has improved the quality of life for patients affected by multiple 
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  The diagnosis of a colorectal polyposis syndrome is based on clinical fi ndings of 
multiple gastrointestinal polyps on endoscopy. Histologic evaluation of polyps is 
required to allow differentiation between the different types of polyposis: adeno-
matous polyposis syndromes, juvenile polyposis syndrome, or  Peutz – Jeghers 
syndrome  ( PJS ). These polyposis syndromes have a different molecular genetic 
basis and a characteristic predisposition to different tumors. Therefore, specifi c 
surveillance programs are developed for patients with each of the polyposis 
syndromes. 

 Careful clinical diagnosis, including histology of the polyps is a prerequisite for 
appropriate molecular genetic testing. It should be kept in mind that the genetic 
defect underlying the disease cannot be identifi ed in some of the patients. There-
fore, a molecular genetic test in an affected individual can confi rm but never 
exclude a suspected disease. This implies that clinical management of a patient 
diagnosed with one of the clinically defi ned polyposis syndromes should be based 
on the actual clinical fi ndings in the patient and not on results of molecular 
tests. 

 Identifi cation of a germline mutation in one of the genes involved in the etiol-
ogy of polyposis syndromes in an affected individual is of importance for his 
family. It allows accurate predictive genetic testing of the family members, which 
identifi es those persons who have inherited the mutation and thus the predisposi-
tion to the disease. As a consequence, clinical surveillance can be limited to the 
actual persons at risk within the family. Moreover, identifi cation of the genetic 
defect in adenomatous polyposis syndromes is of relevance to differentiate 
between  APC  - associated autosomal - dominant  familial adenomatous polyposis  
( FAP ), and the  MUTYH - associated autosomal - recessive polyposis  ( MAP ); this 
differentiation is of high importance in genetic counselling and risk prediction 
in the families.      

Summary
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  16.1 
 Introduction 

 Up to 5% of  colorectal cancer  ( CRC ) cases are caused by a monogenic predisposi-
tion. Among these,  hereditary non - polyposis colorectal cancer  ( HNPCC , Lynch 
syndrome, see Chapter  17 ) accounts for 2 to 3% of cases, adenomatous polyposis 
syndromes for about 1%, and other polyposis syndromes together for less than 
1% of CRC cases. 

 Unlike HNPCC, where the clinical diagnosis can be established only in the 
context of family history or molecular testing, the different gastrointestinal polypo-
sis syndromes usually can be diagnosed clinically in an individual patient. Gastro-
intestinal polyposis syndromes encompass a heterogeneous group of hereditary 
tumor disposition entities. For clinical differentiation, histologic examination of 
polyps is essential (Figure  16.1 ). Based on polyp histology, polyposis disorders are 
divided into  adenomatous  polyposis syndromes including  APC  - associated  familial 
adenomatous polyposis  ( FAP ) and  MUTYH - associated polyposis  ( MAP ),  hamarto-
matous  polyposis syndromes ( Peutz – Jeghers syndrome  ( PJS ), juvenile polyposis 

    Figure 16.1     Histopathologic differentiation of gastrointestinal polyps 
(Images: N. Friedrichs, Pathological Institute, University Hospital Bonn).  
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syndrome,  PTEN  hamartoma tumor syndrome), and  hyperplastic  polyposis. These 
entities differ not only by type of polyps, but also by the clinical course, tumor 
spectrum, and genetic background (Table  16.1 ).      

  16.2 
 Adenomatous Polyposis Syndromes 

 Adenomatous polyposis syndromes encompass heterogeneous disorders that 
differ by clinical course, genetic background, and mode of inheritance. The fi rst 
cases of FAP were described more than 120 years ago (for a review on history, see 
 [1] ). In 1991, the identifi cation of the  APC  gene and mutations therein as the 
genetic cause of the disease has consistently promoted research in this fi eld. 
Although presenting with variable phenotypes, FAP was considered as a mono-
genic, autosomal - dominantly inherited disease until 2002 when the recessively 
inherited MAP was discovered. Since then, the term familial adenomatous polypo-
sis is used for the autosomal - dominant disorder caused by mutations in the  APC  
gene, while the term  MUTYH  - associated polyposis is applied to the autosomal -
 recessive disorder caused by biallelic mutations in the  MUTYH  gene. 

  16.2.1 
  APC  - Associated Familial Adenomatous Polyposis ( FAP ) 

 Polyposis conditions associated with germline mutations in the  APC  gene (OMIM 
#175   100) include two main phenotypes that differ by the degree of colorectal 
polyposis: the classic (or typical) FAP, and the  attenuated FAP  ( AFAP ). Moreover, 
the two overlapping phenotypes (Gardner syndrome and Turcot syndrome) are 
currently considered phenotypic variants of classic FAP (Table  16.1 ). 

  APC  - associated FAP is present in about 1   :   10   000 births worldwide. FAP follows 
an autosomal - dominant mode of inheritance, with a penetrance of almost 100%. 
Thus, offspring of FAP patients have a risk of 50% to inherit and develop the 
disease. About 15 to 20% of cases occur  de novo   [2 – 4] . Somatic mosaicism has been 
detected in about 15% of cases with  de novo  mutations  [5] . 

  16.2.1.1   Classic (Typical)  FAP  

  Gastrointestinal Features     By defi nition, classic FAP is characterized by the occur-
rence of more than a hundred and up to several thousands of  colorectal adenomas  
(Figure  16.2 ). Polyps appear at a mean age of 16 years (range 7 – 36), and are dis-
tributed over the entire colorectum. First symptoms of typical FAP may be diar-
rhoea, constipation, rectal bleeding, and abdominal pain. If left untreated, some 
of the polyps will inevitably transform to CRC by a mean age of 39 years (review 
in  [6, 7] ).   

  Gastric adenomas  are relatively rare in the Western FAP population and are 
usually confi ned to the gastric antrum. At a higher frequency, fundic gland polyps 
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occur (in  ∼ 50% of patients); these polyps do not have an increased malignant 
potential and therefore do not need special management. 

 The prevalence of  duodenal adenomas  in FAP patients reported in the literature 
varies between 50 and 90%  [7, 8]  or even 20 to 100%  [9] . Prevalence data vary, 
depending on age at endoscopy, but also on the diagnostic procedure used for 
surveillance.  

  Extraintestinal Features     FAP patients may develop benign tumors such as des-
moids, osteoma, or epidermoid cysts. 

     •      Desmoid Tumors   Desmoids are histologically benign tumors of the connective 
tissue; however, they can lead to life - threatening complications due to their 
locally invasive growth. In the general population, desmoids have an incidence 
of 2 to 5 per million. FAP patients have an 850 - fold increased risk to develop 
desmoids, resulting in a prevalence of 10 to 25% in FAP. Desmoid tumors may 
occur sporadically or following surgical intervention, pregnancy, and oral 
contraceptive use.  

   •      Osteomas and Dental Anomalies   Osteomas are osseous tumors located mainly 
in the facial skeleton and long bones. These tumors are benign and generally do 
not need therapeutic interventions except in cases where they create problems 
because of their local displacing growth. Osteomas were reported in 76 to 93% 
of FAP patients. Dental anomalies including unerupted, absent, or supernumerary 
teeth or odontomas are also reported in FAP; however, they occur less frequently 
as compared to osteoma.  

   •      Epidermoid Cysts and Fibromas   These benign soft subcutaneous tumors 
are mainly located on the face, scalp, or extremities and have no clinical 
relevance.  

   •       Hypertrophy of the Retinal Pigment Epithelium ( CHRPE )    About 85% of FAP 
patients develop characteristic lesions of the retina referred to as  congenital 
hypertrophy of the retinal pigment epithelium  ( CHRPE )  [10] . CHRPE are 

    Figure 16.2     Fragment from a colectomy specimen in a patient 
with classic FAP (Image: K. J ä ger, Marienhospital Br ü hl).  
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multiple and mainly bilateral non - premalignent fl at patches of the retina that do 
not affect visual abilities. CHRPE are detected by indirect ophthalmoscopy. 
Since CHRPE are present at birth, their detection in persons at risk can be used 
as a predictive marker for FAP in part of the families.      

  16.2.1.2   Attenuated  FAP  ( AFAP ,  AAPC ) 
 Leppert  et al .  [11]  reported the fi rst large family with an autosomal - dominant 
predisposition to an attenuated polyposis phenotype and CRC. The number of 
adenomas varied between 5 and 300. In AFAP, polyp growth starts roughly 10 to 
15 years later than in classic FAP. Adenomas are localized predominantly in the 
proximal colon and have a fl at shape, as illustrated by the term  “ hereditary fl at 
adenoma syndrome ”  used in another family with a similar clinical picture  [12] . In 
both families, the disease - causing gene was mapped to chromosomal region 5q 
containing the  APC  gene. 

 The term attenuated refers to the number and time of occurrence of colorectal 
polyps. Nevertheless, patients have an increased risk for CRC, and for cancer of 
the upper gastrointestinal tract. Extraintestinal manifestations of FAP (CHRPE, 
desmoids, osteomas) are rare in AFAP (see review on AFAP by  [13, 14] ).  

  16.2.1.3   Allelic Subtypes of Classic  FAP  

  Gardner Syndrome     The triade of colorectal adenomas, osteomas, and soft cyst -
 like surface tumors have been referred to as Gardner syndrome  [15] . However, 
both Gardner syndrome and classic FAP are caused by mutations in the same 
gene. Moreover, most FAP patients have one or several extracolonic manifesta-
tions. Therefore, the term Gardner syndrome should no longer be used  [16] .  

  Turcot Syndrome     The association of a central nervous tumor and multiple 
colorectal adenoma or carcinoma is defi ned as Turcot syndrome, an heteroge-
neous entity  [17, 18] . Most cases are associated with germline mutations in the 
 APC  gene and are thus allelic to FAP; these patients usually develop a medullo-
blastoma. In a small number of cases, Turcot syndrome is associated with germ-
line mutations in a DNA mismatch repair gene and is thus allelic to HNPCC; in 
these patients usually a glioblastoma is diagnosed as the central nervous tumor 
(see also Chapter  5  on hereditary brain tumors).   

  16.2.1.4   Genetics 

  Molecular Genetic Background     FAP is caused by germline mutations in the 
tumor suppressor gene   APC   ( Adenomatous Polyposis Coli ). The detection of an 
interstitial deletion on the long arm of chromosome 5 in a patient with FAP was the 
fi rst hint for mapping the involved gene to this chromosomal region  [19] . The  APC  
gene was mapped shortly thereafter  [20, 21] , and fi nally cloned in 1991  [22, 23] . 

 The APC protein plays a regulatory role in the Wnt pathway by its interaction 
with  β  - catenin (Figure  16.3 ). The name Wnt is a combination of Wg (wingless), a 
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gene originally identifi ed in  Drosophila melanogaster , and  INT , a gene that was 
originally identifi ed in vertebrates, but was found to be homologous with the Wg 
gene. The Wnt signaling pathway is required at different stages of gut develop-
ment and is mainly involved in cellular proliferation, survival, and motility (for 
review, see  [24, 25] ). The leading part of the Wnt cascade is the cytoplasmic protein 
 β  - catenin, a gene - specifi c transcription cofactor, which is involved both in cellular 
signaling and in cell adhesion. In the absence of Wnt signals,  β  - catenin interacts 
with E - cadherin and  α  - catenin to help mediate cell adhesion. The excess  β  - catenin 
is rapidly turned over by a destruction complex formed by APC, Axin,  casein 
kinase I  ( CKI ),  glycogen synthase kinase 3 β   ( GSK3 β  ), and   β  - transducing repeat - 
containing protein  (  β  - TrPC ).   

 Binding of the Wnt ligand to the receptor induces formation of a receptor 
complex composed of the transmembrane proteins  Frizzled  ( Fz ), and  LDL - 

    Figure 16.3     Schematic representation of the 
role of APC and  β  - catenin in the Wnt pathway. 
In the absence of Wnt (OFF),  β  - catenin is 
degraded by a destruction complex formed by 
APC, Axin, CKI, GSK3 β , and  β  - TrPC. Wnt 
signaling (ON) mediates phosphorylation of 
LRP by CKI γ  and GSK3 β , which leads to 

recruiting Axin out of the destruction complex 
to the receptor complex. This mechanism 
is supported by Dsh, which binds Axin. 
Consequently,  β  - catenin is no longer degraded 
but enters the nucleus where it acts as a 
transcription cofactor. (Reprinted from Willert 
and Jones  [24] , with permission).  
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receptor - related protein  ( LRP ), and triggers phosphorylation of LRP by GSK3 β  
and CK1 γ , a membrane - tethered kinase. This leads to a high affi nity binding of 
LRP to Axin, thus disrupting the destruction complex and releasing  β  - catenin. 
The released  β  - catenin translocates to the nucleus, where it associates with the 
Tcf family of transcription factors to activate the transcription of target genes. 

 Mutant APC proteins are unable to bind Axin or to initiate the proteolytic deg-
radation of  β  - catenin, which results in a sustained expression of Wnt target genes 
and a promotion of tumorigenesis  [24, 25] .  

  Molecular Diagnostics     The  APC  gene contains 15 coding exons (in addition to 
a noncoding exon in the 5 ′  - untranslated region and an alternatively spliced exon 
10a), encoding a protein of 2843 amino acids (Figure  16.4 ). Currently, more than 
1000 different germline mutations have been reported worldwide. Two mutational 
hot spots occur at codon 1309 (c.3927_3931delAAAGA;p.Glu1309AspfsX4) or 
codon 1061 (c.3183_3187delACAAA;p.Gln1062fsX) at frequencies of about 10 and 
7%, respectively, in patients with classic FAP  [26] , while most families have their 
private mutations. The mutations are distributed mainly over the fi rst half of the 

    Figure 16.4     Distribution of 597 germline point mutations in 
the  APC  gene detected in 1166 unrelated FAP patients, and 
summary of genotype - phenotype correlations.  
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gene, and are predicted to result in a truncated APC protein. About 10% of 
patients with classic FAP have large deletions encompassing one or several exons 
or even the entire  APC  gene. The mutation detection rate is up to 80% in patients 
with classic FAP, but only about 30% in patients with AFAP.    

  Genotype – Phenotype Correlations     A consistent correlation between the site of 
mutation in the  APC  gene, and the clinical course of polyposis disease or 
extracolonic manifestations has been repeatedly reported (Figure  16.4 ). Patients 
with  APC  mutations around codon 1309 usually have a profuse phenotype 
with thousands of adenomas diagnosed in the early teens or even before 10 years 
of age  [27 – 29] , while patients with mutations at the very 5 ′  end of the gene (before 
codon 168), in the 3 ′  half of the gene (beyond codon 1580), or in the alternatively 
spliced region of exon 9, usually develop an attenuated colorectal phenotype 
 [30 – 34] . 

 Desmoids and osteomas are observed more frequently in patients with muta-
tions distal to codon 1444  [29, 35 – 37] . 

 A strong correlation has also been observed for the presence of CHRPE. With 
only a few exceptions, CHRPE were diagnosed in patients with mutations between 
exon 9, and the middle of exon 15 (codons 413 – 1444)  [35, 38] . This observation is 
in line with the overall frequency of CHRPE of about 85% in patients with classic 
FAP, and the fact that about 85% of patients with classic FAP have a mutation 
within this region (Figure  16.4 ).   

  16.2.1.5   Clinical Management 
 Early detection of colorectal adenomas in persons at risk results in a reduction of 
colorectal cancer. Based on the difference of clinical phenotypes regarding age at 
onset, the number and distribution of colorectal adenomas in families with classic 
and AFAP distinct guidelines have been developed for their surveillance and 
therapy. 

 Recently, the current recommendations for clinical management of FAP have 
been re - evaluated by a European panel of experts, and guidelines regarding timing, 
type of investigation, and surveillance intervals for persons at risk, as well as the 
management of colorectal and duodenal polyposis, desmoids, and other manifes-
tations in affected persons, have been worked out (Table  16.2 )  [8] .   

  Surveillance Recommendations in Persons at Risk     In families with classic FAP, 
endoscopic surveillance for persons at risk can start with fl exible sigmoidoscopy, 
as adenomas will always be present in the rectum. The risk of CRC is low below the 
age of 15 years, therefore starting sigmoidoscopy by the age of 15 would be appro-
priate. However, beginning endoscopic surveillance at the age of 10 to 12 years in 
asymptomatic children is recommended in order to accommodate children with 
this procedure before puberty. This implies that predictive genetic tests, to clarify 
the carrier status of children at risk, is also recommended at this age. Of course, 
for symptomatic children (e.g. children with bowel symptoms at a younger age), 
predictive genetic testing and endoscopic surveillance will be performed earlier. 



 266  16 Gastrointestinal Polyposis Syndromes

 Mutation carriers are recommended to undergo sigmoidoscopy every 2 years. 
When rectal adenomas are diagnosed by this procedure, a complete colonoscopy 
should be performed annually until prophylactic colectomy is planned. Surveil-
lance for mutation carriers should be performed throughout life. Persons at risk 
in whose families no mutation was identifi ed should continue the endoscopies 
until aged 50. 

 Persons at risk from families with AFAP should start surveillance at age 18 to 
20, as polyp growth starts later in life. Due to the preferential location of adenomas 
in the proximal colon, a total colonoscopy is recommended.  

 Table 16.2     Surveillance protocol recommended for FAP patients 
and persons at risk (modifi ed from Vasen  et al .  [8] ). 

      Typical FAP    Attenuated FAP  

   Surveillance in persons at risk   

  Predictive molecular diagnostics    Age 10 – 12 years    18 – 20 years  

  Type of colorectal endoscopy    Rectosigmoidoscopy    Colonoscopy  

  Start of endoscopy   a       Age 10 – 12 years    18 – 20 years  

  Interval of endoscopies    2 years   b       2 years   b     

  Upper limit of surveillance  

     •  in mutation carriers    Lifelong    Lifelong  

     •  in persons where the disease - causing 
mutation in the affected relatives has not 
been identifi ed  

  50 years    60 years  

   Surveillance in polyposis patients   

  Endoscopy of the rectum (after IRA)    At intervals of 3 – 6 months  

  Pouchoscopy (after IPAA)    At intervals of 6 – 12 months  

  Start of esophago - gastro - duodenoscopy    Age 25 – 30 years, or at time of 
colectomy  

  Interval of EGD   c       1 – 5 years  

    a  Surveillance is limited to persons at risk who are mutation carriers (in families in whom a 
mutation was identifi ed), and is recommended for all persons at risk from families in whom the 
disease - causing mutation was not identifi ed.  

   b  Once adenomas are detected, annual colonoscopy should be performed until prophylactic 
colectomy is planned.  

   c  Intervals for esophago - gastro - duodenoscopy (EGD) depend on the Spigelman stage (see text).   
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  Surgical Procedures for Colectomy     So far, surgical removal of the polyp - con-
taining large bowel is the only safe therapeutic procedure in patients with classic 
FAP. The time of surgery and type of colectomy depend on polyp development 
and distribution. To date, there are two main surgical options, both of them 
sphincter - preserving: subtotal colectomy with  ileorectal anastomosis  ( IRA ), and 
subtotal proctocolectomy with  ileal pouch - anal anastomosis  ( IPAA ). A third option 
is the total proctocolectomy with a permanent end ileostomy. This procedure is 
applied only in exceptional cases; it is the only choice for patients with very low 
rectal or anal cancer. 

 In IRA, about 10 to 15   cm of the sigmoid are preserved. The advantage of IRA 
is that it is a relatively simple operation procedure with relatively low complication 
rates, and results in an almost normal stool frequency. The major disadvantage is 
that colonic epithelium in the rectal stump is still a source of polyp growth and 
therefore regular endoscopic examination of the sigmoid is required. 

 In IPAA, the complete colon and rectum is surgically removed, and a pouch 
formed from the terminal ileum is directly attached to the sphincter. The advan-
tage of this procedure is a lower risk of adenoma and cancer development; however, 
pouchoscopies are still required since adenomas can also develop in the pouch. 
The major disadvantages of IPAA are a higher complication rate during surgery, 
in general a higher stool frequency, and a higher risk of incontinence. 

 Factors infl uencing the choice of surgery are outlined in detail by Church  [39] : 
IRA is the method of choice when less than 20 adenomas are contained in the 
rectum, while IPAA is recommended when polyp growth in the rectum is more 
aggressive. 

  Should the genotype infl uence decision making?  This question is controversially 
discussed in the literature. Based on the statistically strong correlation between 
the site of mutation and severity of polyp growth, some clinicians aim at basing 
the decision making on the genotype. However, there are many reports on an 
intrafamilial variation of the polyposis phenotype; moreover, with the exception of 
the two hotspot mutations, almost each family has her own mutation, and the 
functional relevance of a mutation depends not only on the rough localization in 
the gene, but also on the exact type of a mutation  [40, 41] . Basing decision making 
on genotype would create a lot of uncertainty among clinicians and families as to 
timing and type of surgery. 

 The observation of a higher incidence of desmoids in patients with an  APC  
mutation localized 3 ′  to codon 1444 and the fact that surgical trauma may 
aggravate desmoid development, led to the recommendation to postpone pro-
phylactic colectomy in patients with such germline mutations as long as possible. 
As patients with mutations in the 3 ′  half of the  APC  gene tend to have an 
attenuated colorectal polyposis phenotype, this recommendation can safely be 
applied. However, severe desmoids may also develop in patients with mutations 
in the fi rst half of the gene. For those patients usually having a typical FAP, a 
delay in colorectal surgery may be more diffi cult  [39] . Therefore, usually the 
degree of colorectal polyposis should determine time and type of surgery, and 
not the genotype.  
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  Duodenal Polyposis     Duodenal and periampullary cancer constitutes, together 
with desmoids,   the second - most common cause of death in FAP patients who are 
under surveillance for colonic polyposis. The risk of duodenal cancer in FAP 
patients is about 5% and occurs at an average age of 52 years (range 18 – 78). 
Detailed reviews of literature data regarding incidence, surveillance, and clinical 
management in polyposis of the upper gastrointestinal tract are published  [9, 42] . 

 Most polyps are located in the second or third parts of the duodenum, and 
cluster around the ampulla of Vater. Severity of duodenal polyposis is classifi ed 
according to the Spigelman system into stages 0 to IV; in this system, points are 
allocated for number, size, histology, and degree of dysplasia  [9, 43] . Approxi-
mately 10 to 20% of FAP patients have the severe stage IV of the disease, with an 
increased risk to develop duodenal carcinoma. 

 In order to control for the adenomas in the duodenum, regular  esophago - gastro -
 duodenoscopies  ( EGD ) are recommended. A side - viewing video - endoscopy is the 
optimal method for surveillance of the upper gastrointestinal tract. Since duodenal 
carcinomas are diagnosed rarely before the age of 30, surveillance should start at 
25 to 30 years (or at time of surgery). The recommended intervals for EGD depend 
on the severity of the disease, with a 5 - year interval in Spigelman stages 0 and I, 
3 years in Spigelman stage II, and 1 to 2 years in stage III, while in stage IV surgery 
should be considered  [8] . 

 Among the drugs used for pharmacological treatment in FAP, it has been shown 
that sulindac has no effect in upper gastrointestinal polyposis, while the selective 
Cox - II inhibitor Celecoxib at a dose of 400   mg/day over a period of 6 months pro-
duced a 31% decrease in patients who had a severe stage of duodenal polyposis at 
the outset.  

  Desmoids     An actual detailed review on etiology, pathology, and treatment of 
FAP - associated desmoids is given by Sturt and Clark  [44] . Diagnosis of desmoids 
should always be considered as the fi rst differential in the case of an FAP patient 
presenting with an abdominal or abdominal wall mass. Desmoids can be best 
diagnosed by CT scanning or MRI. 

 The method of choice for the treatment of desmoids to date is pharmacological 
treatment with sulindac, in combination with tamoxifen or toremifene  [44 – 46] . 
Patients not responding to this treatment are recommended to undergo chemo-
therapy or radiotherapy. Surgical excision of desmoids is in general not recom-
mended as a primary treatment because most of the tumors cannot be resected 
and have a high recurrence rate. However, the role of surgical treatment, especially 
in cases of mesenteric desmoids, is controversially discussed.  

  Other Tumors     The risk for other tumors (thyroid, hepatoblastoma, medulloblas-
toma) is increased in FAP patients as compared to the general population  [47 – 49] ; 
however, the absolute incidence of these tumors remains low. Therefore, surveil-
lance programs to control these tumors are controversially discussed; to date it is 
not clear whether the possible gain in life expectancy justifi es the substantial psy-
chosocial impact resulting from an excessive surveillance program for extra - 
intestinal tumors  [8] .  
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  Pharmacological Treatment     The history and current state of chemoprevention 
trials in FAP has been recently reviewed by Lynch  [50] . A fi rst therapeutic effect 
on colorectal polyp growth was reported following treatment with the  nonste-
roidal anti - infl ammatory drug  ( NSAID ) sulindac  [51 – 53] . This drug cannot 
replace prophylactic surgery, but it was considered helpful in postponing the 
time of surgery in children, and it may be applied in patients who have under-
gone prophylactic surgery with IRA to control polyp growth in the rectosigmoid. 
Sulindac has several detrimental side effects, and is not effi cient in duodenal 
polyposis. A more specifi c COX II inhibitor (Celecoxib) was shown to also 
decrease polyp growth in the duodenum  [54, 55] . However, another COX   II 
inhibitor (Rofecoxib) was found to have cardiovascular side effects  [56] . Therefore, 
treatment with COX   II inhibitors should be confi ned to patients with severe 
duodenal polyposis.    

  16.2.2 
  MUTYH  - Associated Polyposis ( MAP ) 

 The presence of an autosomal - recessively inherited adenomatous polyposis syn-
drome was fi rst reported in 2002. Al - Tassan  et al .  [57]  described a family with three 
affected sibs who exhibited biallelic  MUTYH  mutations. 

  16.2.2.1   Clinical Features 
 Clinically, MAP, OMIM #608   456 is comparable to  APC  - associated AFAP. Extra -
 intestinal manifestations are rare in this disorder. Due to the autosomal - recessive 
mode of inheritance, MAP usually occurs in isolated patients or in sibships having 
healthy parents. MAP has been diagnosed in 15 to 20% of patients with the AFAP 
phenotype.  

  16.2.2.2   Genetics 
 MAP is caused by biallelic germline mutations in  MUTYH,  a gene encoding a 
protein involved in  base excision repair  ( BER ). MUTYH is responsible for the 
excision of adenosine mismatched with 8 - oxo - 7,8 - dihydroxy - 2 ′  - deoxyguanosine 
(8 - oxoG), the most stable product of DNA damage caused by reactive oxygen 
species. Biallelic mutations in this highly conserved protein result in an increase 
in 8 - oxoG – induced somatic G   :   C  >  T   :   A transversions in other genes, including 
 APC   [58, 59] . 

  MUTYH  is located on chromosome 1p35, and consists of 16 exons. In Cauca-
sians, the two missense mutations  Y176C  and  G393D  (formerly referred to as 
 Y165C  and  G382D ) are found in a homozygous or compound - heterozygous state 
in about 70% of MAP patients  [60 – 64] .  

  16.2.2.3   Clinical Management 
 The surveillance program and therapeutic interventions are the same as in  APC  -
 mediated AFAP. However, the autosomal - recessive mode of inheritance implies 
a different risk for sibs and children of a patient to inherit the disease. Sibs of a 
patient may have a risk of 25% to develop the disease. Parents and children are 
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obligatory heterozygous. Tumor risk in heterozygotes is still not well evaluated. 
Farrington  et al .  [65]  report an increase of tumor risk of 1.68 as compared to the 
general population. To date, it is not clear whether this low tumor risk justifi es a 
regular surveillance program.    

  16.3 
 Hamartomatous Polyposis Syndromes 

 While adenomatous polyps are considered as neoplastic tissues with a high ten-
dency to transform to cancer, hamartomatous polyps have a lower tendency to 
become cancerous. Nevertheless, neoplasia may develop inside the hamartomas, 
and a hamartoma – carcinoma sequence is also discussed  [66, 67] . 

  16.3.1 
 Peutz – Jeghers Syndrome ( PJS ) 

  16.3.1.1   Clinical Diagnosis 
 PJS (OMIM #175   200) is characterized by the occurrence of gastrointestinal 
polyposis, mucocutaneous pigmentation, and an increased risk of cancer of the 
gastrointestinal tract and at other sites (reviewed in  [68, 69] ). According to the 
clinical criteria for PJS, as defi ned by Tomlinson and Houlston  [69] , a defi nite 
diagnosis of PJS can be made if a person fulfi ls the following criteria: 

   •      two or more characteristic PJS polyps in the gastrointestinal tract; or  
   •      one PJS polyp in the gastrointestinal tract, together with either a characteristic 

PJS pigmentation or a family history of PJS.    

 The diagnosis of PJS can be assumed in individuals with a positive family history 
and fl orid, typical freckling. 

 Histopathology of gastrointestinal polyps is essential for the clinical diagnosis 
of PJS. The PJS polyps are characterized by the presence of smooth muscle 
bundles with a characteristic branching tree appearance (Figure  16.1 ). Polyps 
develop preferentially in the jejunum and ileum, but they can also occur elsewhere 
in the gastrointestinal tract, including the stomach and large bowel. Some PJS 
patients are diagnosed in the fi rst decade of life as surgical emergencies, with 
attacks of pain or even intestinal obstruction, due to intussusception of the small 
bowel. Other symptoms may be bleeding with secondary anemia. 

 Mucocutaneous pigmentation presents as fl orid freckling of lips, buccal mucosa, 
vulva, fi ngers, and toes. It is rarely present at birth, but may develop during the 
fi rst decade of life, frequently prior to the appearance of polyps. Pigmentation 
usually fades from the third decade onwards. It should be noted that some PJS 
patients never present the characteristic pigmentation, while some individuals 
have multiple dark lentigines as a normal variant  [69] . 

 Another characteristic feature of PJS is the occurrence of  sex cord tumors with 
annular tubules  ( SCTAT ) in females, a benign neoplasm of the ovaries. Males 



occasionally develop calcifying Sertoli cell tumors of the testes, which secrete 
estrogen and can lead to gynecomastia. 

 There are only rough estimates for the prevalence at birth, ranging from 1   :   25   000 
to 1   :   280   000; however, these fi gures have not been epidemiologically assessed  [68] .  

  16.3.1.2   Genetics 

  Molecular Genetic Background     PJS is an autosomal - dominant disorder. About 
10 to 20% of PJS cases are apparently sporadic. 

 PJS is caused by germline mutations in the serin - threonin - kinase gene  STK11  
(alias  LKB1 ), localized on chromosomal region 19p13.3  [70, 71] . The  STK11  gene 
is essential for cell viability. The function has been linked with the control of the 
cellular energy balance, polarity, cell cycle, and proliferation  [72, 73] . 

 The formation of hamartomas may be caused by a dysregulation of the  mTOR  
(mammalian target of rapamycin) pathway, a regulator of cell growth.  STK11  sup-
presses  mTOR  via several mediators. Mutant  STK11  fails to suppress  mTOR , 
leading to a lapse of cell growth  [73] .  

  Molecular Diagnostics     The  STK11  gene consists of 9 coding exons. A germline 
mutation was detected in about 90% of patients meeting the clinical criteria of 
PJS. Of them, two - thirds are point mutations distributed over the entire gene, 
except exon 9; one - third of the identifi ed mutations are large deletions, most of 
them encompassing the entire gene, or the promoter region and exon 1  [74] . 

 Evidence for a second PJS locus on chromosomal region 19q13.4 was suggested 
by results of linkage analysis in a PJS family  [75] . However, the high detection rate 
of  STK11  mutations in PJS patients strongly questions the existence of a notable 
locus heterogeneity.   

  16.3.1.3   Tumor Risk 
 PJS patients have an increased risk of developing tumors at different sites. First 
studies estimated an about a 15 - fold increased overall tumor risk  [76] , whereas a 
recent large collaborative study in Western Europe revealed lower relative risk 
fi gures  [77] . In this study, the risk among PJS patients for developing any fi rst 
cancer by age 70 years was 85%, while the risk for all cancers in the general 
population by age 70 years is approximately 18%; thus, the risk in PJS patients 
is increased about four - fold. However, when age - adjusted risk fi gures were 
considered, a considerably higher tumor risk at younger ages becomes evident 
(Table  16.3 ).   

 Among gastrointestinal tumors, CRC is the most frequent. The relative risk for 
pancreatic cancer is largely increased; however, the absolute risk is much lower 
than for other cancers in PJS. Among the extra - intestinal cancers, breast cancer 
represents the major risk in females, approaching the risk associated with muta-
tions in  BRCA1  and  BRCA2   [77] . 

 No correlation between the site of mutation or type of mutation (missense vs. 
chain - terminating mutations), and the clinical manifestation in PJS was found in 
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a large European collaborative study; moreover, no phenotypic difference between 
mutation - positive and mutation - negative patients was observed  [77] .  

  16.3.1.4   Clinical Management 
 The main problem during early childhood may be acute ileus due to intussuscep-
tion in the vicinity of the polyps. This complication needs surgical removal of the 
part of the bowel carrying the polyps. Routine endoscopy and intra - operative 
enteroscopy with polypectomy is recommended in order to decrease the frequency 
of emergency laparotomy and bowel loss due to intussusception. As polyps pref-
erentially develop in the small bowel, capsule or double - balloon endoscopy (every 
2 – 3 years) is recommended. Polyps larger than 1.5   cm should be removed surgi-
cally, while sparing as much of the ileum as possible. 

 For female patients, the surveillance program recommended to  BRCA1/BRCA2  
mutation carriers should be offered.   

  16.3.2 
 Juvenile Polyposis Syndrome ( JPS ) 

  16.3.2.1   Clinical Diagnosis 
 Isolated juvenile polyps are the most frequent bowel polyps in childhood and do 
not require special treatment. The diagnosis of familial juvenile polyposis (OMIM 
#174900) is clinically established when the following criteria are met  [78] : 

   •      at least fi ve juvenile gastrointestinal polyps in a patient; or  
   •      at least one typical juvenile polyp in the presence of a family history of JPS.    

 A detailed overview on JPS is given by Haidle and Howe  [79] . The term juvenile 
polyposis does not refer to the young age of the patients, but rather refl ects 

 Table 16.3     Cumulative site-specifi c cancer risk by age in PJS 
patients (data from Headle  et al ., 2006  [77] , modifi ed). 

  Type of cancer    Cancer risk by age (%)  

  20   y    30   y    40   y    50   y    60   y    70   y  

  All cancers    2 (0.3)   a       5 (0.6)    17 (1.4)    31 (3.4)    60 (8.2)    85 (17.7)  
  Gastrointestinal   b        –  ( < 0.1)    1 ( < 0.1)    9 (0.1)    15 (0.3)    33 (1.3)    57 (3.9)  
  Breast (females)     –  ( < 0.1)     –  ( < 0.1)    8 (0.5)    13 (1.8)    31 (4.3)    45 (7.0)  
  Gynecologic   c        –  ( < 0.1)    1 (0.1)    3 (0.4)    8 (0.7)    18 (1.3)    18 (2.1)  
  Pancreas     –  ( < 0.1)     –  ( < 0.1)    3 ( < 0.1)    5 ( < 1.0)    7 (0.2)    11 (0.5)  
  Lung (male)     –  ( < 0.1)     –  ( < 0.1)    1 ( < 0.1)    4 (0.2)    13 (1.3)    17 (4.7)  

  (female)    ( < 0.1)    ( < 0.1)    ( < 0.1)    (0.1)     –  (0.6)     –  (2.0)  

    a  The numbers in parantheses represent the frequencies of tumors in the general population.  
   b  Gastroesophagal, small bowel, pancreatic, and colorectal cancers.  
   c  Uterine, ovarian, and cervical cancers.   



the presence of polyps with histology that is characteristic for juvenile   polyps 
(Figure  16.1 ). Juvenile polyps vary in size, shape, and number. They may present 
as sessile or pedunculated, with a smooth or infl ammatory eroded surface. Histol-
ogy reveals cystic dilated crypts and proliferating fi lamentous stroma. Some 
patients may have only four to fi ve juvenile polyps during their life, while other 
members of the same families may have more than a hundred polyps. Juvenile 
polyps are preferentially diagnosed in the distal large bowel. Some patients develop 
a severe gastric polyposis, with a tendency to transform to gastric cancer  [80, 81] . 
Patients are frequently diagnosed due to chronic gastrointestinal bleeding associ-
ated with anemia. 

 The incidence of JPS at birth ranges between 1   :   16   000 to 1   :   100   000 and may 
account for about 10% of all gastrointestinal polyposis cases  [79] .  

  16.3.2.2   Genetics 

  Molecular Genetic Background     Germline mutations in the genes  SMAD4  and 
 BMPR1A  (bone morphogenetic protein receptor, Type 1A) have been identifi ed in 
JPS patients  [82, 83] . Concerning nomenclature,  SMAD  is merged from the 
denomination of related genes in  C. elegans  ( Sma  genes), and  D. melanogaster  ( mad , 
for  “ mothers against decapentaplegic ” ). The genes are implicated in signal trans-
duction by members of the TGF -  β  family in these two organisms and also in ver-
tebrates. Given that the human gene designated  DPC4  (deleted in pancreatic 
carcinoma, locus 4, on chromosome 18q) is highly similar to the  mad  -  and  sma  - 2, 
 - 3, and  - 4 genes  [84] ,  DPC4  was later termed  SMAD4 . 

 The proteins encoded by  SMAD4  and  BMPR1A  participate in the transforming 
growth factor -  β  (TGF -  β )/SMAD signaling pathway.  SMAD  pathway target genes 
are involved in development, cell differentiation, and regulation of the cell cycle. 
TGF -  β  is the prototype of about 30 extra cellular ligands that form the TGF -  β  
superfamily. Here,  SMAD4  plays an important role as a critical signal transducer 
that translocates all activated  SMAD s to the nucleus to activate target genes 
directly or indirectly  [85] . BMPR1A is a ligand - specifi c receptor of the TGF -  β /BMP 
signaling pathway. Its intracellular mediation is conducted by  SMAD s  [86] . 

 In JPS, mutant  SMAD4  or  BMPR1A  disequilibrate the control cycle, trigger 
polyposis, and consequently result in tumorigenesis.  

  Molecular Diagnostics     About 20% of JPS patients have a germline point muta-
tion in the  SMAD4  gene (other symbols:  MADH4, DPC4 ). Another 20% have a 
germline mutation in the  BMPR1A  gene. Recently, large genomic deletions mainly 
in  SMAD4 ( and to a lesser extent in  BMPR1A)  were detected in about 10% of 
patients meeting the clinical criteria of JPS  [81] . It is likely that at least one other 
gene may be involved in the etiology of JPS.  

  Genotype - Phenotype Correlations     The fi rst observation of an over - representation 
of gastric polyposis in patients with  SMAD4  germline mutations as compared to 
 BMPR1A  mutation carriers  [87]  has been confi rmed in additional investigations 
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 [81, 88] . Moreover, some patients with  SMAD4  mutations may exhibit traits of 
hemorrhagic telangiectasia  [81, 89] .   

  16.3.2.3   Tumor Risk 
 JPS patients have an increased tumor risk that is confi ned mainly to the gastroin-
testinal tract. A recent study revealed a 34 - fold increased risk of CRC, and a 
cumulative life - time risk of CRC of 38.7%. The mean age at diagnosis of CRC was 
44 years  [90] . In some studies, an increased risk of other gastrointestinal cancers, 
including stomach, small bowel, and pancreatic cancers has been reported  [80, 81, 
91, 92] .  

  16.3.2.4   Clinical Management 
 Early clinical diagnostic surveillance and therapy is needed to prevent cancer 
development. Clear and appropriate recommendations for surveillance in JPS are 
reviewed by Zbuk and Eng  [67] . Affected individuals should be endoscopically 
investigated when bowel symptoms such as rectal bleeding, anemia, abdominal 
pain, constipation, diarrhoea, or other changes in stool characteristics are observed. 
Complete blood count, colonoscopy, and upper endoscopy should be performed 
starting at the age of 15 years. When no polyps are observed, screening should be 
repeated at intervals of 3 years. If only a few polyps are detected, they should be 
removed, and screening should be performed annually until no additional polyps 
are observed; then 3 - yearly intervals can resume. An excessive polyp burden may 
require colectomy or gastrectomy.   

  16.3.3 
  PTEN  Hamartoma Tumor Syndrome ( PHTS ) 

 By defi nition, the  PTEN hamartoma tumor syndrome  ( PHTS , OMIM #601728) is 
characterized by hamartomatous tumors at different sites and a germline mutation 
in the  PTEN  gene. It includes  Cowden syndrome  ( CS ),  Bannayan – Riley – Ruvalcaba 
syndrome  ( BRRS ),  Proteus syndrome  ( PS ), and Proteus - like syndrome. Of these, 
gastrointestinal polyps are found in CS and BRRS. 

  16.3.3.1   Clinical Diagnosis 
 CS is a multiple hamartomatous syndrome with a high risk of benign and malig-
nant tumors of the thyroid (non - medullary), breast, and endometrium. Opera-
tional diagnostic criteria are published by Eng  [93, 94] . Patients usually have 
macrocephaly and mucocutaneous lesions (facial trichilemmomas, acral kerato-
ses, and papillomatous papules). Intestinal hamartomatous polyposis is a minor 
feature of CS. 

 The diagnosis of BRRS is based on the presence of macrocephaly, hamartoma-
tous intestinal polyposis (in 45% of cases), lipomas and, in males, a speckled 
penis. 

 Unlike polyps in adenomatous or juvenile polyposis, the hamartomatous 
gastrointestinal polyps in CS are usually tiny and cause few symptoms. In BRRS, 
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gastrointestinal hamartomatous polyps may occasionally cause intussusception 
or rectal bleeding. Both in CS and BRRS, the polyps seem not to increase the risk 
of CRC.  

  16.3.3.2   Genetics 
 PHTS is caused by germline mutations of  PTEN  (phosphatase and tensin homolog, 
deleted on chromosome 10). PTEN is a dual - specifi city phosphatase within the 
protein - tyrosine - phosphatase superfamily. It counteracts the  phosphatidylinositol 
3 - kinase  ( PI3K )/protein kinase B [PKB or Akt - Kinase (AKT)] pathway, which plays 
a role in nearly all aspects of tumor biology: cell transformation, growth, prolifera-
tion, migration, protection from apoptosis, genomic instability, angiogenesis, and 
metastasis. Activated PI3K induces PKB and stimulates subsequent signaling via 
downstream effectors. 

 PTEN, as an antagonist of this pathway, leads to a down - regulation of PKB acti-
vation. Thus, mutant PTEN fails to regulate cell homeostasis, ultimately causing 
tumorigenesis  [95] . Besides, PTEN also interacts with other pathways (e.g. integrin 
signaling pathway, mitogen - activated kinase pathway, mTOR pathway) which, 
when malfunctioning, for example, due to mutant   PTEN, may contribute to the 
tumorigenesis. 

 A germline mutation in the  PTEN  gene is detected in approximately 80% 
of patients with the clinical diagnosis of CS and in 60% of patients with BRRS 
 [94, 96, 97] .  

  16.3.3.3   Cancer Risk and Clinical Management 
 Patients with CS have a life - time risk of 50% of developing breast cancer, and a 5 
to 10% risk of developing endometrial cancer. Moreover, about 10% of patients 
develop follicular thyroid cancer. Renal cell carcinoma and malignant melanoma 
may be minor components of neoplasia in CS. Currently it is not defi nitely eva-
luated whether patients with CS have an increased risk of developing CRC 
 [67, 93] . 

 Patients with  PTEN  mutations should follow the surveillance recommendations 
that are governed by the tumors mentioned above, especially breast cancer, endo-
metrial cancer, and non - medullary thyroid cancer  [67, 93] .    
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  Lynch syndrome (synonymous for HNPCC   =   hereditary non - polyposis colorectal 
cancer) is characterized by the development of colorectal, endometrial, gastric, and 
various other cancers, and is caused by a mutation in one of the  mismatch repair  
( MMR ) genes. One of the main challenges in the clinical management of Lynch 
syndrome remains the broad spectrum and heterogeneity among and between 
affected families. To date, no clinically relevant genotype - phenotype correlation for 
the two main affected genes  hMSH2  and  hMLH1  has been established. Clinical 
management of familial  colorectal cancer  ( CRC ) remains a challenge for clini-
cians. The overlap of syndromes with different underlying genetic causes and the 
differentiated risk management of colorectal and associated malignancies require 
state - of - the - art management recommendations. 

 Regarding the identifi cation of Lynch syndrome, the available criteria (revised 
Bethesda guidelines) appear to be effective for the selection of families for analysis 
of tumor MMR status. To date, the signifi cant proportion of mutation carriers 
in Germany are still unknown and diagnosis still relies on patients with index 
cancers. Taking into account the tremendous importance the identifi cation of 
MMR mutation carriers implies, future directives could include routine antibody 
staining for MMR genes in all CRCs. Increasing evidence suggests that  microsatel-
lite instability  ( MSI ) and/or  immunohistochemical  ( IHC ) are an important prog-
nostic factor and may predict the response to chemotherapy, therefore a broad 
application of these tools is envisaged in the near future.      

  17.1 
 Introduction 

 Environmental factors have been demonstrated to play an important role in the 
etiology of most  colorectal cancers  ( CRC ). However, in approximately 15 to 30% 
of patients, inherited genetic factors are clearly signifi cant. In about 5% of all cases, 

Summary
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CRC is associated with a highly penetrant dominant or recessive inherited 
cancer syndrome. The most frequent of these is Lynch syndrome (hereditary non -
 polyposis CRC; HNPCC)  [1] . It is characterized by the development of multiple 
CRCs, endometrial cancer, and is also associated with various other cancers. The 
underlying genetic mechanism is a mutation in one of the  mismatch repair  
( MMR ) genes:  MLH1, MSH2, MSH6 , or  PMS2 .  Familial adenomatous polyposis  
( FAP ) may be seen as a counterpart to Lynch syndrome and is another well -
 described inherited CRC syndrome, responsible for less than 1% of all CRC cases. 
It may easily be identifi ed by the pathognomonic identifi cation of hundreds to 
thousands of adenomas in the colorectum. FAP is transmitted as an autosomal 
dominant trait and is caused by truncating mutations in the  APC  gene. Recently, 
the  MUTYH  gene has been identifi ed as a further polyposis gene. The associated 
disorder has been termed  MUTYH - associated polyposis  ( MAP ) and displays an 
autosomal recessive pattern of inheritance  [2] . For further details, see Chapter  16  
on gastrointestinal polyposis syndromes. Clinically, the differentiation between 
Lynch syndrome, attenuated FAP, and MAP is not clearly delineated. However, 
distinguishing between the underlying predispositions is important for risk assess-
ment and surveillance recommendations. The increasingly available molecular 
genetic services imply the opportunity of testing for the underlying genetic mecha-
nisms, and open the opportunity of predictive testing of at - risk relatives. This 
medical approach revolutionizes medicine and opens an entirely new fi eld of 
surgical strategy    –    prophylactic surgery.  

  17.2 
 Characteristics of Lynch Syndrome 

 Carriers of an MMR - gene mutation have a high risk of developing CRC, endome-
trial cancer, and other associated cancers. Risk assessment plays a decisive role 
for the surveillance strategies. The various types of cancers and the reported risks 
are summarized in Table  17.1   [3 – 10] .   

 Cancers observed in Lynch syndrome families are frequently diagnosed at an 
alerting young age and tend to be multiple. The MMR defect leads to instability 

 Table 17.1     Life - time cancer risk in Lynch syndrome. 

  Colorectal cancer (men)    28 – 75%  
  Colorectal cancer (women)    24 – 38%  
  Endometrial cancer    27 – 71%  
  Ovarian cancer    3 – 13%  
  Gastric cancer    2 – 13%  
  Urinary tract cancer    1 – 12%  
  Brain tumor    1 – 4%  
  Bile duct/gallbladder cancer    2%  
  Small bowel cancer    4 – 7%  



at microsatellites of tumor - DNA ( microsatellite instability  ( MSI )). This phenome-
non may be found in more than 90% of tumors associated with Lynch syndrome, 
whereas in the sporadic setting, it is found in about 15% of cases. With  immuno-
histochemical  ( IH ) analysis using antibodies against the four MMR proteins, loss 
of protein expression of the causative gene can be shown. Therefore, this pre-
screening, ubiquitous, and less costly approach may in the future be more widely 
applied for broad identifi cation of Lynch syndrome, pinpointing towards an algo-
rithm for mutation detection. 

 In 1989, the Amsterdam criteria were proposed in order to provide stratifi ed 
family material required for international collaborative studies  [11] . At that time, 
in analogy to the identifi cation of FAP, the focus was clearly oriented towards 
identifying families with a predisposition for CRC. This strategy was successful, 
and after identifi cation and molecular characterization of families with MMR 
mutations, it became clear that other cancer localizations were inherent to the 
syndrome. Consecutively, in 1999 the criteria were revised and since then include 
various  extra - colonic  ( EC ) tumors  [12]  weighed differently. The basis for the inclu-
sion or exclusion of EC cancers is thin, and leads to a bias in every regard. In 1997, 
the Bethesda guidelines were developed to identify individuals with CRC that 

 Table 17.2     Amsterdam criteria  II  and revised Bethesda criteria. 

   Amsterdam criteria II   

  There should be at least three relatives with colorectal cancer or with a Lynch syndrome    –    
associated cancer: cancer of the endometrium, small bowel, ureter, or renal pelvis.  

   •  Onerelative should be a fi rst - degree relative of the other two.  

   •  At least two successive generations should be affected.  

   •  At least one tumor should be diagnosed before age 50.  

   •  FAP should be excluded in the colorectal cancer case if any.  

   •  Tumors should be verifi ed by histopathological examination.  

   Revised Bethesda criteria   

  1. Colorectal cancer diagnosed in a patient  <    50 years of age.  

  2. Presence of synchronous, metachronous colorectal, or other Lynch syndrome - related 
tumours   a   , regardless of age.  

  3. Colorectal cancer with MSI - H histology diagnosed in a patient  <    60 years of age.  

  4. Patient with colorectal cancer and a fi rst - degree relative with a Lynch syndrome - related 
tumor, with one of the cancers diagnosed under age 50 years.  

  5. Patient with colorectal cancer with two or more fi rst - degree or second - degree relatives 
with a Lynch syndrome - related tumor, regardless of age.  

    a  Lynch syndrome related tumours include colorectal, endometrial, stomach, ovarian, 
pancreas, ureter, renal pelvis, biliary tract, and brain tumors, sebaceous gland adenomas and 
keratoacanthomas, and carcinoma of the small bowel.   
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should be tested for MSI  [13, 14] . These guidelines were revised in 2004  [15] . The 
revised Amsterdam criteria and Bethesda guidelines are shown in Table  17.2 , and 
to date are valid identifi ers.    

  17.3 
 Genetic Alteration 

 The identifi cation of the underlying genetic cause in Lynch syndrome families 
about 15 years ago has been the decisive contribution for the medical community 
to accept the existence of the heterogeneous hereditary cancer syndrome in a 
setting other than the clear - cut phenotype in FAP. Before this time, there was an 
ongoing debate about chance clustering of frequent tumors in families or a genetic 
predisposition. Since then, large numbers of families worldwide have been ana-
lyzed and related to this genetic background    –    the collaborative effort has led to the 
identifi cation of large numbers of affected families.  

  17.4 
 Lynch Syndrome,  HNPCC  or Familial Cancer? 

 Some confusion exists regarding the terminology for variants of hereditary colorec-
tal and/or familial cancer. Various names for Lynch syndrome have been used in 
the past century. Usually, the syndrome has been known as HNPCC, since this 
name historically clarifi ed that the syndrome described an inherited form of CRC 
and was associated with a very low number of adenomas (non - polyposis vs. FAP). 
However, the term HNPCC does not insinuate the frequent involvement of EC 
cancers. It has therefore internationally been proposed to reintroduce the name 
Lynch syndrome    –    reserved for families with strong evidence of MMR defi ciency, 
for example, by the presence of an MMR defect, or the presence of MSI in tumours 
 [15] . The term, familial CRC, should be reserved for families that meet the Amster-
dam criteria but do not have evidence for MMR defi ciency.  

  17.5 
 Clinical Identifi cation 

 Differentiation between mutation carriers and non - mutation carriers is clinically 
most benefi cial    –    from a medical and resource perspective    –    since intensifi ed sur-
veillance may be restricted to the predisposed individuals, whereas those without 
a gene defect may be dismissed from the program. Mutation detection is costly, 
since as many as four genes may need to be analyzed. Moreover, direct sequencing 
of the genes is required since the mutational spectra are wide. Therefore, it is 
important to defi ne which patients should be submitted to mutation analysis and 
if so, should they be subjected to a prescreening test? 



 Table 17.3      MMR  - gene mutation analysis in relation to clinical 
criteria and results of  MSI  -  and  IH  - analysis in population -
 based or consecutive series of unselected colorectal cancer. 

  Author/year    Primary test used    MMR -
 genes 
analyzed  

  Total no. 
of CRC  

  Pathogenic 
mutations 
identifi ed  

  Proportion of mutation 
carriers that meet the 
clinical criteria  

  IH: 
antibodies  

  MSI: 
markers  

  Amsterdam 
II  

  (Revised) 
Bethesda 
criteria  

  Aaltonen 1998     –     7     MLH1, 
MSH2   

  509    10 (1.9%)    7/10    10/10   a     

  Debniak 2000    2    10     MLH1, 
MSH2   

  68   b       6 (3.5 %)    1/6    ?  

  Solavaara 2000     –     7     MLH1, 
MSH2   

  535    18 (3.3%)    12/18    17/18   a     

  Cunningham 2001    3    6     MLH1, 
MSH2   

  257    5 (1.95%)    3/5    ?  

  Hampel 2005    4    5     MLH1, 
MSH2, 
MSH6, 
PMS2   

  1066    23 (2.1%)    3/23    18/23  

  Pinol 2005    2    1     MLH1, 
MSH2   

  1222    11 (0.9%)    4/11    10/11  

  Total                4627    111 (24%)    30/73 (41%)    55/62 (89%)  

    a  Communicated with authors.  
   b  The original number of consecutive CRCs was 168, including 143 sporadic cases and 

25 suspected cases. A total of 43 of the sporadic cases and 25 suspected cases were analyzed.   

 Currently, the Amsterdam II or the revised Bethesda criteria are used to select 
patients with suspected familial CRC for molecular genetic and/or IH analysis of 
the tumor, and those with evidence of MSI or loss of MMR expression are offered 
mutation analysis. There are six studies in which either MSI -  or IH - analysis or 
both tests were performed as the primary screening tool in prospective and 
unselected series of CRC patients (Table  17.3 )  [16 – 21] .   

 Previous studies have shown that the yield of mutation analysis (positive predic-
tive value) in families that meet the Amsterdam criteria is approximately 50% and 
the yield in families that meet the Bethesda criteria between 10 and 20%  [22]  These 
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six studies showed that the sensitivity of the Amsterdam criteria for the detection 
of mutations was 40% and that of the Bethesda guidelines was about 90%. This 
means that if the revised Bethesda guidelines had been used, about 10% of the 
mutation carriers would have been missed, mostly patients with CRC diagnosed 
between ages 50 and 60. 

 Is performing both MSI and IH necessary as a prescreening tool, or is one of 
both suffi cient, and if so, which one is more recommendable? Most studies 
addressing this issue have been retrospective and methodology applied varied 
greatly. For IH - analysis, mostly only two antibodies (MLH1, MSH2) were 
employed; other studies used three or four antibodies (MLH1, MSH2, MSH6, 
PMS2). In the studies in which both MSI analysis and IH analysis have been per-
formed prospectively, the sensitivity of MSI analysis was slightly better than that 
of IH analysis  [17, 19 – 21, 23 – 27] . In one large (German) study, the outcome of 
both methods was tested prospectively in families that meet the Amsterdam, 
Bethesda, or age - independent modifi ed criteria. MSI analysis (using the Bethesda 
set of 5 markers) and IH analysis (2 antibodies) was performed in 1119 index 
patients  [24] . Two hundred and thirty pathogenic MMR gene mutations were 
identifi ed, the sensitivity of MSI analysis being 100% and that of IH analysis 94%. 
A Dutch study demonstrated increased detection by including an antibody against 
PMS2  [28] . 

 IH is broadly available, less cost - intensive, and pinpoints towards the specifi c 
underlying gene defect. Most authors prioritize the use of IH for these reasons, 
especially in families with a high probability for an MMR mutation (e.g. families 
that meet the Amsterdam criteria, or families with a high predicted probability 
based on calculations using the Wijnen  [22]  or Engel model). MSI may be recom-
mended in addition, if IH is unconclusive.  

  17.6 
 Surveillance Colorectum 

 The term HNPCC is misleading, since the adenoma - carcinoma sequence applies 
to development of CRC in Lynch syndrome families. Due to the increased occur-
rence of CRC and the availability of a precursor lesion, colonoscopic surveillance 
has been recommended since the 1980s. The question to be raised is: does colo-
noscopic surveillance translate to a reduction in mortality? 

 Several studies address this issue  [29 – 37] . All studies demonstrate a benefi t of 
surveillance in detecting CRC at an earlier stage compared to historical controls. 
The only prospective controlled trial (J ä rvinen 1995/2000) showed that surveil-
lance led to a 63% reduction in CRC. Two studies assessed the effect of surveil-
lance on CRC - associated mortality. A Finnish study showed that colonoscopic 
surveillance signifi cantly decreased the mortality associated with CRC  [34, 38] . A 
study from The Netherlands evaluated the relative mortality in a large series of 
families over a period of 45 years and demonstrated a reduction in mortality  [31] . 
The protocols that have been used in studies of surveillance have varied with 



respect to the surveillance intervals. Some studies advised a 3 - yearly colonoscopy 
and others colonoscopy every year    –    the data available so far does not allow a 
clear - cut recommendation; however, the surveillance interval will lie between 1 
and 3 years.  

  17.7 
 Familial Cancer 

 In a signifi cant proportion ( ∼ 30%) of families that meet the Amsterdam criteria, 
the results of MSI analysis and IH analysis of the colorectal tumor(s) are negative 
 [40] . Clustering of CRC by chance or genetic defects other than those of MMR may 
be responsible for the disease in such families, and they do not have Lynch syn-
drome. These families are characterized by a more advanced age of onset of CRC 
than in Lynch syndrome families and the absence of endometrial cancer and 
multiple tumours. A recent study reported that the risk of developing CRC in such 
families is only increased by a factor of 2.3  [40] . Another study compared the 
results of surveillance in families with clustering of CRC with and without MSI 
 [41] . The results showed that the yield of adenomas was the same in both types of 
families. However, CRC was only identifi ed in the families with MSI tumors. In 
families without evidence for MMR defi ciency, a less intensive colonoscopic sur-
veillance program (e.g. colonoscopy: 1x/3 – 5 years, starting 5 – 10 years before the 
fi rst diagnosis of CRC or  > 45 years) might be appropriate. In view of the absence 
of endometrial cancer in such families, surveillance of the endometrium is not 
indicated.  

  17.8 
 Surveillance of the Endometrium/Ovary 

 The international studies in Lynch syndrome families have shown that carriers of 
an MMR mutation have a high risk of developing endometrial cancer  [7] . Though 
it is known that the majority of (sporadic) endometrial cancers are detected at an 
early stage, about 10 to 15% of patients with such tumors will ultimately die from 
metastatic disease. Due to this signifi cant mortality and the high risk of developing 
endometrial cancer in Lynch syndrome families, specifi cally if the mutation is 
located on  MSH6 , surveillance is advised. 

 British and Dutch investigators evaluated the outcome of surveillance of 269 
women from families suspected of having Lynch syndrome  [42, 43] . The surveil-
lance program consisted of ultrasound every 1 to 2 years. It did not lead to the 
detection of pre - malignant lesions or endometrial cancer. In another study from 
The Netherlands, 41 women from Lynch families underwent surveillance by  trans-
vaginal ultrasound  ( TVU ) followed by aspiration biopsy in suspected cases. After 
a mean follow - up of 5 years, premalignant lesions, that is, complex atypia, were 
detected in three patients. There was one early stage interval cancer diagnosed 8 
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months after a normal ultrasound. A recent study of 175 subjects from Finland 
reported the results of surveillance by TVU and aspiration biopsy  [44] . Complex 
atypia was found in 5 patients, endometrial cancer was found in 11, and there 
were two interval cancers. Six of the 11 screen - detected cancers were only identi-
fi ed by aspiration biopsy and not by TVU. American investigators reported on a 
retrospective cohort of 315 women, all mutation carriers, 61 of whom had prophy-
lactic surgery and were then followed up for approximately 10 years. No endome-
trial cancer or ovarian cancer developed in those women who had prophylactic 
surgery, whereas 33% of the women who did not have surgery developed endo-
metrial cancer and 5.5% developed ovarian cancer  [45] . 

 In conclusion, two of the three available studies suggested that surveillance may 
lead to the detection of pre - malignant lesions, and one study also to detection of 
endometrial cancer at an early stage. Due to the higher risk of developing endo-
metrial cancer in carriers of a  MSH6  mutation, hysterectomy may be suggested 
for these women at the time of CRC surgery or after menopause. This surgery 
may also be considered for carriers of mutations in the other MMR genes, and for 
women who require surgery for a CRC. In view of the risk of ovarian cancer and 
the failure of early detection of such tumors by TVU and CA - 125 estimation, 
bilateral salpingo - oophorectomy might be considered in mutation carriers after 
completion of family planning.  

  17.9 
 Surveillance for Other Related Cancers 

 Other cancers associated with Lynch syndrome include cancer of the stomach, 
ureter, renal pelvis (see Chapter  15  on hereditary renal tumors of the adult), small 
bowel, the bile ducts, and tumors of the brain. The life - time risk of developing one 
of these cancers is relatively low ( < 10%), and may be associated with the underly-
ing MMR defect. The risk of developing gastric cancer may be higher in some 
countries, such as Germany. The  International Society of Gastrointestinal Heredi-
tary Tumours  ( InSiGHT ) recommends surveillance for cancer of the stomach and 
urinary tract, if the specifi c type of cancer clusters in the family (more than one 
case)  [46] . However, screening for urological cancers by cytology has not proven 
to have any benefi t.  

  17.10 
 Surgical Management 

 Several studies showed that Lynch syndrome patients have an increased risk of 
developing multiple (synchronous and metachronous) CRCs. A Dutch study 
reported that the risk of developing a second colon tumor after treatment of a 
primary CRC in Lynch syndrome was 16% after 10 years of follow - up  [37] . In view 
of this substantial risk, the question arises whether a subtotal colectomy instead 



of a segmental resection might be the preferred treatment in patients from Lynch 
syndrome families with a primary tumor. In a recent study, a decision analysis 
was performed to compare the life expectancy for patients undergoing subtotal 
colectomy or partial resection for a primary screen - detected CRC  [47] . The results 
indicated that subtotal colectomy performed at a young age ( < 47 years) would lead 
to an increased life expectancy of up to 2.3 years. Unfortunately, the authors were 
not able to use  quality of life  ( QOL ) adjusted life expectance because studies on 
QOL that specifi cally consider Lynch syndrome patients are not available in the 
literature. Although for sporadic CRC, QOL after segmental resection has been 
reported to be better than after subtotal colectomy, in Lynch syndrome families 
QOL after segmental resection may be decreased by the need for colonoscopy 
(vs. sigmoidoscopy after subtotal colectomy) and increase of fear of a second 
primary. 

 Based on these fi ndings and taking into account the substantial risk of develop-
ing a second tumor, subtotal colectomy with ileorectal anastomosis can be dis-
cussed if colon cancer is detected in a young patient participating in a surveillance 
program. A prospective study that also addresses QOL should evaluate which 
surgical option is the most appropriate in Lynch syndrome. Until the outcome of 
such studies is available, the Mallorca group recommends discussing the pros and 
cons of both options with a patient from a Lynch syndrome family who develops 
CRC.  

  17.11 
 Chemotherapy 

 Currently, at least three chemotherapeutic agents have been proven to be effective 
in the treatment of CRC, that is, 5FU with or without leucovorin, oxaliplatin, and 
irinotecan (CPT11).  In vitro  studies suggested that MMR - defi cient colon cancer 
cells might not respond to 5FU - based chemotherapy  [48] . On the other hand, CRC 
cell lines defective of MMR exhibit increased sensitivity to CPT11 (irinotecan) 
 [49] . 

 The effect of chemotherapy in patients with MSI - H or HNPCC tumors has been 
reported in only a few studies  [50 – 54] . Most studies showed that there was no 
benefi t of 5FU treatment in such patients. One small study on Stage IV CRC 
patients reported complete or partial responses to treatment with irinotecan in 4 
out of 7 patients with MSI - H tumors compared to 7 out of 65 patients with MSI -
 L/MSS tumors  [55] . 

 Because most studies are retrospective, all authors urge caution in implement-
ing these fi ndings in clinical practice until they are confi rmed by prospective 
studies. Because it may be unethical to withhold chemotherapy in a clinical trial 
for potentially curable advanced - stage colon cancer, the best format of such studies 
is to compare effective drugs such as CPT11 or oxalaplatin with 5FU. These 
approaches require validation in large patient cohorts before routine integration 
into clinical recommendations.  
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   Gastrointestinal stromal tumors  ( GISTs ), the most common mesenchymal tumors 
of the  gastrointestinal tract  ( GI ), evolve from a progenitor related to the  interstitial 
cells of Cajal  ( ICC ). Oncogenic mutations in the  KIT  or  PDGFRA  gene are detected 
in approximately 85% of sporadic GISTs. 

 Familial GIST syndrome is an autosomal dominant genetic disorder with 
germline mutations of the  KIT  or  PDFGRA  gene as an underlying cause of the 
disease. Familial GIST syndrome associated with a germline  KIT  mutation is 
characterized by multiple GISTs associated with hyperplasia of ICCs, and other 
clinicopathologic features, such as skin hyperpigmentation, GI motility dysfunc-
tions, or mast cell abnormalities. Symptoms associated with GI bleeding are 
common, and may be the only manifestation of the disease. Germline  PDGFRA  
mutations result in multiple GISTs, diffuse hyperplasia of ICCs, and GI dys-
motility symptoms, but affected kindreds lack pigmentation or mast cells 
abnormalities. 

 Hereditary forms of the disease also arise in the settings of other hereditary 
syndromes, such as  neurofi bromatosis type 1  ( NF1 ), the Carney – Stratakis syn-
drome, and the Carney triad. GIST development in patients with NF1 is caused 
by a somatic inactivation of the wildtype NF1 allele in the tumor and the absence 
of neurofi bromin, resulting in hyperactivation of the signaling pathway down-
stream of  KIT . Familial Carney – Stratakis syndrome is the dyad of multifocal, 
gastric GISTs and paragangliomas, transmitted as an autosomal - dominant trait 
with incomplete penetrance. The condition is caused by germline  “ loss - of func-
tion ”  mutations in the  succinate dehydrogenase subunit B   (  SDHB  ),  C  (SDHC) , 
or D  (SDHD)  genes. The association of gastric, multiple GISTs, with pulmonary 
chondromas and functional paragangliomas is known as the Carney triad. The 
genetic basis of the association is yet unknown. 

 Familial GISTs usually have a milder clinical course than sporadic cases. Ima-
tinib mesylate may be effective in the prevention of development as well as in the 
treatment of hereditary GISTs.      

Summary
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  18.1 
 Sporadic  GIST  s  

  18.1.1 
 Epidemiology and Clinicopathologic Features of  GIST  s  

  Gastrointestinal stromal tumors  ( GISTs ) are the most common mesenchymal 
tumors and account for approximately 80% of  gastrointestinal  ( GI ) mesenchymal 
tumors, 0.1 to 3% of all GI tract malignancy, 5 to 6% of sarcomas, and 14% of all 
intestine malignancies  [1] . An incidence of the entity is 14.5 cases per million 
people according to a retrospective evaluation of a series of intra - abdominal sar-
comas  [2] . African and Asian/Pacifi c Islander patients might have an increased 
risk of GIST compared with Caucasian patients  [1, 3] . 

 Mazur and Clark originally described these tumors in 1983  [4] , noting that they 
contained smooth muscle and neural elements. Now recognized as a distinct 
clinicopathologic entity, previously GISTs were often classifi ed as leiomyomas, 
leiomyosarcomas, or leiomyoblastomas  [5, 6] . The peak incidence of GIST occurs 
late in life at a median age of 58 years; however, there are also reports of cases 
for GIST developing as early as in the fi rst decade of life. The most common 
sites of origin for GIST are stomach (39 – 70%) and small intestine (31 – 45%). A 
small subset of GISTs arises outside the GI tract, and these tumors are known 
as extra - gastrointestinal GISTs. Histopathologically, GISTs are a heterogeneous 
group of tumors, featuring spindle cell, epithelioid, or mixed type morphology, 
and showing a wide clinical spectrum from benign to frankly malignant sarco-
mas. GISTs typically show expression of CD117/KIT (95%) and frequently CD34 
(70%) antigens by immuno - staining, yet a small fraction of GISTs lack both 
diagnostic markers. Frequent clinical symptoms of GIST include bloating, GI 
bleeding, or fatigue related to anemia. GISTs are highly resistant to conventional 
radiation therapy and traditional chemotherapeutic agents. Surgery has been the 
basis of treatment for GISTs, but more than 50% of patients experience relapse 
within 5 years. The common metastatic sites for GIST include the liver and the 
omentum.  

  18.1.2 
 The  KIT  Gene 

  KIT  is the normal cellular homolog of a viral oncogene ( v - KIT,  Hardy Zuckerman 
4 feline sarcoma viral oncogene homologue), encoding a 145 - kDa transmembrane 
glycoprotein. In humans, the  KIT  gene maps to chromosome 4q12, and is com-
posed of 21 exons spanning 65   kb.  KIT  is a member of the receptor  tyrosine kinase  
( TK ) subclass III superfamily that also includes receptors for platelet - derived 
growth factors (PDGFRA and PDGFRB), macrophage colony - stimulating factor 
(CSF1R), and FLT3 (fms - related TK3). These TK receptors have an extracellular 
domain containing fi ve immunoglobulin - like domains, a single transmembrane 
domain, and a cytoplasmic domain containing a split kinase domain  [5] . 
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 Expression of the wildtype KIT receptor TK is essential in embryonic develop-
ment. Binding of its ligand,  stem cell factor  ( SCF ), induces the dimerization 
of KIT and leads to an autophosphorylation of KIT on tyrosine residues, and to 
activation of downstream intracellular signal transduction proteins such as PI3K 
and AKT,  signal transducers and activators of transcription  ( STATs ),  mitogen -
 activated protein kinases  ( MAPK ), and  JUN N - terminal kinase  ( JNK )  [7] . The 
normal function of  KIT  is essential for hematopoiesis, melanogenesis, gameto-
genesis, development of interstitial cells of Cajal (ICCs), and mast cell growth and 
differentiation  [8] .  

  18.1.3 
 Pathogenesis and Molecular Features of  GIST  s  

 It is generally accepted that GISTs arise from a progenitor related to the ICCs, the 
innervated pacemaker cells that coordinate peristaltic activity throughout the gas-
trointestinal system, which also have the potential of giving rise to cells in the 
omentum and peritoneal surfaces  [9, 10] . 

 Expression of activated KIT receptor TK plays a critical role in ICCs differentia-
tion and proliferation, and  KIT  expression is a characteristic feature of most GISTs 
 [5, 6] . The characterization of GIST based on the expression of  KIT  was further 
complemented by the fi nding that in the majority of sporadic GISTs (70 – 85%), 
the KIT protein is constitutively activated through somatic  “ gain - of function ”   KIT  
mutations  [11, 12] . Around one - third of GISTs (5 – 8%) that lack  KIT  mutations 
carry intragenic activating mutations in a related receptor TK,  platelet - derived 
growth factor - receptor alpha   (  PDGFRA  )   [13] . Activating mutations in  KIT  and 
 PDGFRA  appear to be mutually exclusive oncogenic events, indicating that either 
one is suffi cient to induce GIST tumorigenesis. 

 Oncogenic mutations in sporadic GISTs are of heterogeneous nature  [5, 6] . The 
 KIT  mutations are found predominantly in the juxtamembrane domain of KIT 
receptor (70 – 80% of mutations), which is encoded by exon 11 of the gene, but 
mutations in the extracellular domain and the split kinase domains have been also 
described. The  KIT  exon 11 mutations are heterogeneous, encompassing mainly 
in - frame deletions of variable sizes, basic amino acid substitutions, or more 
complex deletions - insertions. The  KIT  mutations in the extracellular domain 
(encoded by exon 9) have been reported in 4 to 18% of all  KIT  - immunopositive 
primary GISTs. The vast majority of these mutations are a recurrent in - frame 
tandem duplication of six nucleotides, AY502 - 503dup. Interestingly, these GISTs 
are predominantly found in the small intestine, suggesting a genotype to pheno-
type correlation.  KIT  mutations in the split kinase domains (encoded by exon 13 
and exon 17) have been uncommon, accounting for 0.6 to 1.4% of all mutations. In 
the case of exon 13, the predominant mutation identifi ed is a missense mutation 
 K642E . Mutations involving exon 17 are mainly  N822K  or  N822H  substitutions. 

 The mutations reported within  PDGFRA  involve exons 12, 14, and 18, being 
homologous to  KIT  exons 11, 13, and 17, respectively  [14] . In more than 80% of 
cases,  PDGFRA  mutations target exon 18 at codons 842 – 849; the majority of them 
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are point mutations leading to most common  D842V  substitution. Most of the 
 PDGFRA  - mutated GISTs are associated with a distinct clinicopathologic pheno-
type, including gastric location, epithelioid morphology, and variable or absent 
 KIT  expression, with a predominantly indolent clinical course  [15] . 

 It is important to note that, even though  KIT  or  PDGFRA  mutations are detected 
in the majority of GISTs, there is still a signifi cant subset of tumors that lack 
mutations in either gene  [13, 14] . These tumors are referred to as wildtype GISTs. 
In adults, the wildtype GIST subset represents 10 to 15% of cases, and is a het-
erogeneous group with no particular association with the anatomic site. In con-
trast, pediatric GISTs predominantly express the wildtype  KIT/PDGFRA  genotype, 
and represent a distinct clinicopathologic and molecular group with predilection 
for females, multifocal manifestation at gastric sites, and a more indolent clinical 
course  [16] . 

 Consistent with this notion of a separate biological entity, a cDNA expression 
micro - array study of GISTs showed a uniform and non - complex gene expression 
profi le, with homogenous unsupervized hierarchical clustering of a set of defi ned 
genes  [5, 6] . Also, the cytogenetic profi le in primary, low - risk GISTs features rela-
tively simple karyotypic changes, with losses of chromosome 14q, 22q, and 1p 
being most common. During progression of the disease, losses in 9p and gains, or 
high - level amplifi cation at 5p, 8q, 17q, and 20q are common and often coexisting.  

  18.1.4 
 Imatinib Mesylate in the Treatment of Advanced  GIST  s  

 Imatinib mesylate, originally referred to as STI571 (Glivec, Gleevec), is an oral 2 -
 phenylaminopyrimidine derivative that acts as a selective inhibitor against onco-
genic forms of Type III TKs such as KIT,  PDGFR A, PDGFRB, and BCR - ABL, 
which is the causative chimeric fusion protein in chronic myelogenous leukemia. 
Malignant GISTs were found to be generally resistant to cancer chemotherapy and 
associated with poor outcome until 2000, when imatinib - mesylate was used to treat 
a near terminal patient on a compassionate basis  [17] . Soon after, the encouraging 
results obtained in the fi rst patients led to large clinical trials and prompt FDA 
approval of imatinib for the treatment of advanced GISTs. Of utmost importance, 
several clinical trials have proved that the response to imatinib correlates with the 
tumor genotype, with the best response observed in tumors with  KIT  exon 11 
mutations. Moreover, a subset of GISTs, mainly wildtype and tumors harboring 
missense point mutations at  PDGFRA  codon 842 are primarily resistant to ima-
tinib, underscoring the clinical value of the molecular classifi cation of GISTs 
 [5, 6, 14, 17] .   

  18.2 
 Hereditary  GIST  s  

 Hereditary forms of the disease arise in the settings of primary familial GIST 
syndrome or other hereditary syndromes. Specifi cally, GIST has been found 
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associated with  neurofi bromatosis type I  ( NF1 ) or von Recklinghausen ’ s disease, 
the dyad of  “ paraganglioma and gastric stromal sarcoma ”  or Carney – Stratakis 
syndrome, and the Carney triad. 

  18.2.1 
 Familial  GIST  Syndrome 

 Familial GIST syndrome is an autosomal dominant genetic disorder, showing a 
high penentrance and representing a small subset of clinical GISTs  [6] . Germline 
missense mutations or small in - frame deletions of the  KIT  or  PDFGRA  genes 
cause most familial cases of GIST: to date, 21 families have been identifi ed 
(Table  18.1 )  [12, 18 – 39] .   

 As in sporadic forms of the disease, all germline  KIT  mutations are gain - of -
 function, with mutations reported primarily in exon 11 and some in exons 13 and 
17. The family described by Hartmann and co - workers  [26]  displayed a unique 
mutation in exon 8 of the  KIT  gene, an exon whose mutation has not previously 
been associated with sporadic GISTs. 

 Familial GIST syndrome, associated with germline  KIT  mutations, is character-
ized by certain clinicopathologic features, which are distinct from sporadic GISTs. 
Patients carrying this syndrome develop GISTs at a younger age (median    –    46 
years). The tumors are usually multiple in number (3 to  > 100 tumors), smaller in 
size, and occur in a background of polyclonal diffuse hyperplasia of ICCs within 
the myenteric plexus, both intimately and remote from the neoplastic lesions. The 
predominant site of tumor development is stomach and small intestine, but other 
GI locations are also reported. Additional abnormalities may be present, with a 
substantial clinical variability and no fi rm evidence of genotype - phenotype mani-
festation. In addition to GIST predisposition, germline  KIT  mutations result in 
other types of gastrointestinal pathology, particularly in disrupted bowel motility, 
such as dysphagia, constipation, or gastroesophageal refl ux symptoms, suggesting 
that abnormalities of peristalsis and sphincter tone are clinically relevant. A sig-
nifi cant number of familial GIST patients have cutaneous hyperpigmentation, 
particularly around the mouth, in the perineum, on the face, neck, digits, axillae, 
groin, and knees. Other features that are linked with the dysfunction of melano-
cytes, such as melanocytic navi, lentigines, caf é  au lait spots, and vitiligo are also 
seen. Abnormalities of mast cells, mainly urticaria pigmentosa or systemic mas-
tocytosis in infancy, are less frequently reported. Symptoms associated with GI 
bleeding (anemia and melanea) are common and may be the only manifestation 
of the disease. Some  KIT  mutant kindreds have increased incidences of other types 
of cancer, including melanoma, and esophageal, breast, and prostate carcinomas; 
however, it is not clear whether there is a direct link between the development of 
these cancers and inherited mutant  KIT.  

 Mutation in the gene encoding PDGFRA has been reported in three families 
 [37 – 39] . A germline  PDGFRA  D846Y substitution co - segregated with the GIST 
phenotype in a French family reported by Chompret and co - workers  [36] , in 
which fi ve individuals revealed gastric nodules typical of GISTs.  PDGFR.A.  
Asp846 is homologous to  KIT.  Asp820 located within the  KIT  TK II domain, 
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 Table 18.1     Clinical features of reported families with germline   KIT   and   PDGFRA   mutations. 

  No    Mutation    GISTs location    Pigmentation 
anomalies  

  GI dysmotility 
symptoms  

  Mast cell 
anomalies  

  Ref.  

     1.     KIT:  p.D417del    Sm. Intestine    No    No    Mastocytosis     [26]   

     2.     KIT:  p.W557R    Sm. Intestine, 
Stomach  

  Cutaneous 
hyperpigmentation  

  Dysphagia    No     [24]   

     3.     KIT:  p.W557R    Sm. Intestine,    No    No    No     [19]   

     4     KIT:  p.W557R    Stomach    Generalized 
lentigines, 
melanocytic navi  

  No    No     [23]   

     4.     KIT:  p.V559A    Stomach, Sm. 
Intestine,  

  No    No    Urticaria 
pigmentosa  

   [20]   

     5.     KIT:  p.V559A    Stomach, Sm. 
Intestine  

  Cutaneous 
hyperpigmentation, 
melanocytic navi  

  No    No     [21]   

     6.     KIT:  p.V559A    Stomach, Sm. 
Intestine  

  Lentigines, 
melanocytic nevi, 
caf é  - au - lait spots, 
vitiligo  

  No    Urticaria 
pigmentosa  

   [27]   

     7.     KIT:  p.V559A    Sm. Intestine    Nd    nd    nd     [28]   

     8.     KIT:  p.V559A    Sm. Intestine    No    No    No     [34]   

     9.     KIT:  p.V559del    nd    Yes    No    No     [31]   

  10.     KIT:  p.V560G    Sm. Intestine    No    No    No     [34]   

  11.     KIT:  p.Q575_P577delinsH    Rectum    No    Constipation    No     [35]   

  12.     KIT:  p.L576_P577insQL    Stomach, Sm. 
Intestine  

  Cutaneous 
hyperpigmentation  

  No    No     [25]   

  13.     KIT:  p.D579del    nd    Cutaneous 
hyperpigmantation  

  No    No     [18]   

  14.     KIT:  p.D579del    Sm. Intestine    Nd    nd    nd     [32]   

  15.     KIT:  p.K642E    Sm. Intestine    Nd    nd    nd     [12]   



and two families with germline  KIT  D820Y, have been described worldwide 
 [22, 30] . 

 The second family presented with a germline activating mutation in  PDGFRA  
(p.Y555C), and the rare condition known as intestinal neurofi bromatosis  [37] . 
Intestinal neurofi bromatosis (OMIM 162220), also called NF3b, is phenotypically 
described as multiple neurofi bromas strictly limited to the intestine of adult onset 
with incomplete penetrance, autosomal dominant inheritance pattern, and absence 
of other features of NF1 or NF2  [39] . The tumors in the reported family were 
morphologically identical to intestinal neurofi bromas, but immunohistochemi-
cally they did not express the S100 protein (a marker of neural differentiation) or 
any of the known GIST markers (such as KIT, CD34, or DOG1 proteins). We have 
proposed to classify these tumors as familial  KIT  - negative GISTs. 

 Recently, a 22 - year - old patient with a germline  PDGFRA  D561V missense sub-
stitution, and a unique combination of multiple fi brous tumors and lipomas of 
the small intestine and several gastric GISTs, was described  [38] . 

 Notably, none of the additional components of familial GIST syndrome, such as 
hyperpigmentation, dysphagia, or mast cell abnormalities, previously described in 
germline KIT mutation kindreds, were present in the  PDGFRA  mutation carriers. 
Interestingly, in two families all affected family members displayed unusually 

  No    Mutation    GISTs location    Pigmentation 
anomalies  

  GI dysmotility 
symptoms  

  Mast cell 
anomalies  

  Ref.  

  16.     KIT:  p.K642E    Esophagus, 
Stomach, Sm. 
Intestine, 
Rectum  

  No        No     [33]   

  17.     KIT:  p.D820Y    Stomach    No    Dysphagia    No     [22]   

  18.     KIT:  p.D820Y    Stomach, Sm. 
Intestine  

  No    Small 
intestinal 
diverticulosis, 
dysphagia  

  No     [30]   

  19.     PDGFRA:  p.D846Y    Stomach    Nd    nd    nd     [36]   

  20.     PDGFRA:  p.Y555C    Sm. Intestine    No    No    No     [37]   

  21.    PDGFRA: p.D561A    Stomach, Sm. 
Intestine  

  No    Small 
intestinal 
diverticulosis  

  No     [39]   

   nd = no data.   

Table 18.1 Continued
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large hands  [36, 37]      –    a phenotype not described so far in families associated with 
germline  KIT  mutations, providing a clue in favor of a causal relationship between 
constitutive PDGFRA activation, and congenital malformation of the hands. 

 The clinical behavior of familial GIST is generally benign; however, despite the 
absence of metastases in most individuals, the symptoms associated with the 
development of GIST, particularly GI bleeding, may result in signifi cant morbid-
ity. Imatinib may be effective in the prevention of development as well as in the 
treatment of hereditary GISTs  [33, 35] . The careful monitoring for the develop-
ment of tumors is indicated, but the indolent clinical course in most of the 
reported families, and the multifocality of the disease, suggests that surgical inter-
vention should be avoided in the absence of complications.  

  18.2.2 
  GIST  s  Associated with Neurofi bromatosis Type  I  

 Based on a single Swedish study, adults with NF1 have a 7% risk for GISTs  [2] . 
GISTs in NF1 patients tend to be multiple and are located predominantly within 
the small intestine, though a few have been reported in other anatomic sites  [40 –
 43] . Abdominal pain, bowel obstruction, and massive gastrointestinal bleeding are 
the most common presenting clinical manifestations. Morphologically and immu-
nohistochemically, GISTs occurring in NF1 patients stain positive for  KIT , like 
most other GISTs. Compared to sporadic GISTs, NF1 - GISTs are more likely to 
show S - 100 reactivity, entrapped myenteric nerves within the tumor, and the pres-
ence of skeinoid fi bers  [40, 43] . Although they may fall into any GIST risk category, 
NF1 - GISTs usually show low cell proliferation (growth) indicators, and they rarely 
metastasize. Andersson and co - workers  [40]  reported follow - up for 9 NF1 patients 
who had surgery for GIST; none of the patients died of GIST, and 6 of 9 were well 
up to 32 years later. 

 The vast majority of GISTs associated with NF1 do not have  KIT  or  PDGFR A 
mutations  [40 – 43] . We have recently demonstrated that GIST development in 
patients with NF1 is caused by a somatic inactivation of the wildtype NF1 allele 
in the tumor, resulting in the absence of neurofi bromin as an alternative mecha-
nism of hyperactive signaling events downstream of KIT  [42] . Particularly, NF1 -
 related GISTs show an increased signaling through the MAP - kinase pathway as 
compared with sporadic GIST.   These fi ndings clearly position GISTs in the range 
of clinical symptoms seen in NF1. There is only one published   paper about 
response of NF1 - GISTs to TK inhibitor drugs such as imatinib; Lee and co - authors 
 [44]  report a case of NF1 - GIST that did respond to the treatment.  

  18.2.3 
 Carney – Stratakis Syndrome 

 In a subset of patients with gastric GISTs, the lesions are associated with  paragan-
gliomas  ( PGLs )  [45] . The condition referred to as the dyad of paraganglioma and 
gastric stromal sarcoma or the Carney – Stratakis syndrome (OMIM 606864) is 



familial and transmitted as an autosomal - dominant trait with incomplete pene-
trance. The patients present tumors at a young age (median age 19 years). 
They are multifocal and paragangliomas multicentric, supporting a genetic link 
between the two lesions  [46] . PGLs are neuroendocrine tumors that may secrete 
catecholamines. They occur most frequently in the head (glomus tympanicum and 
jugulare), neck (carotid body and glomus vagale), adrenal medulla, and extra -
 adrenal sympathetic ganglia. Once the diagnosis is made, patients must be 
followed carefully in order to detect new lesions as early as possible, since both 
entities have malignant potential. A functioning paraganglioma may manifest 
itself by sympathetic effects such as hypertension, diaphoresis, and/or facial fl ush-
ing. A  131 I - MIBG scan is useful for diagnosis, as this agent localizes to catechol-
amine - producing tissues. If the lesion is unresectable, radiation and chemotherapy 
may be used. 

 GISTs in Carney – Stratakis syndrome patients do not carry the  KIT  or  PDGFRA  
gene mutations. The underlying hereditary defect of the Carney – Stratakis syn-
drome has been elucidated recently by identifi cation of germline  “ loss - of function ”  
mutations in the succinate dehydrogenase subunit B  (SDHB),  C  (SDHC) , or D 
 (SDHD)  genes in affected patients  [46] . The identifi ed mutations had been 
described before in sporadic or familial pheochromocytomas or extra - adrenal para-
gangliomas, an autosomal dominant inherited cancer - susceptibility syndrome. 
Notably, the abdominal paragangliomas associated with GISTs are uniquely cor-
related with  SDHC  mutations. The absence of  KIT  or  PDGFRA  somatic mutations 
and inactivation of one of the succinate dehydrogenase subunits in GISTs/PGLs 
from patients with the dyad, suggests that a defi cient mitochondrial tumor sup-
pressor gene pathway is responsible for tumor formation, rather than constitu-
tively active TKs.  

  18.2.4 
 Carney Triad 

 In 1977, Carney described the triad of gastric epithelioid leiomyosarcoma, func-
tioning extra - adrenal paraganglioma, and pulmonary chondroma (OMIM 604287) 
 [47] . Nowadays, gastric leiomyosarcoma is re - classifi ed as GIST. There is an 
approximately 10 - fold female predominance. The genetic and pathologic basis of 
the association is currently unknown  [48] . Due to the rarity of these tumors, the 
presence of any two of them is regarded as a suffi cient basis for making the diag-
nosis. The complete triad is present in about one - third of cases; gastric GISTs are 
most frequently present ( ∼ 97%), followed by pulmonary chondroma ( ∼ 83%), and 
paraganglioma ( ∼ 53%). The tumors can appear in any order and in a wide frame 
of time. Two of these three entities have malignant potential, and the overall 
mortality of the triad is approximately 20%. Recently, esophageal leiomyoma has 
been described as an additional component occurring in some triad patients 
 [49] . 

 A number of tumors associated with this entity were tested for  KIT, PDGFRA, 
SDHA, SDHB, SDHC , and  SDHD  mutations, but none was found  [48 – 50] . These 
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   Familial gastric cancer  ( FGC ) aggregation with at least two fi rst -  or second - degree 
gastric cancer cases can be observed in 15 to 20% of the patients. Five percent of 
the families even show up with three or more gastric cancer cases. Finally, less 
than 2% of gastric cancer cases can be identifi ed as mutation positive hereditary 
gastric cancer. Therefore strong FGC aggregation without identifi able mutational 
background represents the majority of families that have to be considered as 
potentially hereditary. This group cannot be dissected by genetic characteristics 
but by certain phenotypic characteristics, such as familial pattern, gastric cancer 
subtype, age of manifestation, and associated tumors. Germline mutation has 
been identifi ed for three categories of hereditary gastric cancer:  hereditary diffuse 
type gastric cancer  ( HDGC      –     E - cadherin gene), hereditary colorectal cancer 
(HNPCC    –    mismatch repair genes), and particularly rare syndromes (Li – Frau-
meni    –     p53  gene; polyposis syndromes    –    various genes). For all of these syndromes, 
at least some specifi c phenotypic - characteristics of single gastric cancer cases as 
well as the familial pattern can be described. 

 Mutation screening is stratifi ed according to the number of gastric cancer cases, 
age of manifestation, histological subtype of gastric cancer observed, and associ-
ated family pattern of other tumor diseases. As the life - time risk for gastric cancer 
is particularly high in E - cadherin mutation carriers (HDGC) at 60 to 80%, and 
endoscopic surveillance for diffuse type gastric cancer instead of diffi cult prophy-
lactic gastrectomy has been offered and performed. In all other syndromes there 
is no option of prophylactic therapy but only surveillance and extended radicality 
in cases of gastric cancer manifestation, as limited endoscopic or surgical therapy 
has to calculate the risk of synchronous multifocal or metachronous recurrent 
disease of the same organ. Predictive testing in fi rst - degree relatives of germline 
mutation carriers can detect persons at risk for gastric cancer or other tumors and 
exclude non - mutation carriers from surveillance programs. In families with strong 
gastric cancer aggregation without identifi able germline mutation, at least all fi rst -
 degree relatives have to be considered as persons at risk and surveillance has to 

Summary
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be offered according to the clinical phenotype observed (age of manifestation, 
gastric cancer subtype, and associated tumor disease). Additional macroscopic and 
histological potential risk factors (atrophic gastritis, metaplasia, neoplasia) assessed 
by endoscopy may help to stratify surveillance programs. The Munich Hereditary 
Gastric Cancer Registry at the University of Technology ( www.tumorgen.de ) 
collected data and performed mutation screening over a period of almost 15 years. 
Participants of an international interdisciplinary group working on hereditary and 
FGC, the  International Gastric Cancer Linkage Consortium  ( IGCLC ), have been 
performing studies on new candidate genes, establishing functional tests for mis-
sense mutations, analyzing mutation detection rates in cohorts of FGC cases, and 
publishing guidelines for the management of hereditary and FGC.      

  19.1 
 Introduction to Gastric Cancer 

 Gastric cancer is among the top fi ve solid tumors worldwide, but incidence differs 
depending on countries. Korea, Japan, Chile, Portugal, and Tuscany (Italy) are 
regions with the highest incidence of gastric cancer compared to a low and alto-
gether decreasing incidence in Europe and the United States ( http://www - dep.iarc.
fr/ ;  http://www.who.int./healthinfo/paper13.pdf .). Cumulative incidence of the 
German population up to 74 years of age is 0.7% for females and 1.7% for males 
( http://www.krebsinfo.de/ki/daten/magen/mag_bas.html ). The WHO classifi ca-
tion describes four major histological subtypes of gastric cancer: tubular, papillary, 
mucinous, and signet cell  [1] . Lauren classifi cation has the most epidemiological 
and clinical impact by differentiating the intestinal, diffuse, mixed, and non - 
classifi able subtypes  [2] . With regard to prognostic and clinical studies, only the 
intestinal and non - intestinal subtypes have been distinguished. Regarding local-
ization, the gastric body has been subdivided into the proximal (including cardiac 
cancer), middle, and distal third, with some tumors affecting more than one third 
up to the whole stomach by the diffuse type gastric cancer (linitis plastica). The 
most well - known contribution to carcinogenesis is the impact of infection by 
 Helicobacter pylori  ( HP ). Its genotype, as well as the host genotype regarding 
cytokines, has been identifi ed as important factors infl uencing oncogenesis  [3, 4] . 
Moreover, genetic factors with major or minor impact to carcinogenesis have been 
supposed. Molecular aspects of gastric cancer carcinogenesis are summarized in 
Table  19.1 .   

 Surveillance for gastric cancer, either by radiographic investigation or endos-
copy, has been successfully implemented in Asian countries with a high incidence 
of gastric cancer. In Europe or the United States, with an intermediate or low 
incidence of gastric cancer, no surveillance strategies have been introduced. 
Because of gastric cancer causing no symptoms in the early stages, most tumors 
are diagnosed as locally advanced or even systemically metastasized. Endoscopic 
or conventional surgery offers curative treatment in the early stages. Complete 



 Table 19.1     Oncogenesis of gastric cancer. 

      Subtypes  

  Diffuse    Both    Intestinal  

  Regular mucosa    E - cadherin    Germline mutation      
       MLH1, MSH2, MSH6   
      Polymorphism      

   H. pylori   

  Premalignant 
changes  

  Globoid dysplasia        Non - invasive neoplasia 
(low - grade) high - grade  

  Mutations/LOH         p53       
   APC   
       k - Ras   

   bcl - 2   
   MSI  - Pathway      
   TGF  IIR   
   BAX   
   IGFRII   
   MSH3/6   
   E2F - 4   

  Methylation    E - cadherin - promotor      

  Amplifi cation         C - met       

  Expression         Cyclin E   ↑       
   EGF   ↑   
   EGFR   ↑   
   TGF -     ↑   

  Early cancer              

  Mutations/LOH             β  - Catenin  
   DCC   

  Expression        Transcription factors  ↑      VEGF   ↑   

  Advanced cancer              

  Amplifi cation             C - erB2   

  Expression            E - Cadherin  ↓  SIP1  ↑   
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tumor resection, and moreover, long - term patient survival is less frequently 
achieved in locally advanced gastric cancer treated by surgery alone. Therefore, 
neoadjuvant and adjuvant strategies with chemo -  or radio - chemotherapy have 
been implemented to improve the outcome  [5 – 7] . Five - year survival of early gastric 
cancer of the mucosa or submucosa type is 95 and 85%, respectively. Prognosis 
of stage II and IIIA gastric cancer depends on the surgical experience related to 
the incidence. Whereas 5 - year survival in the United States is between 15 and 30%, 
fi gures in Germany are somewhat better with 45 and 33%, and even better in Japan 
with 75 and 60%  [8 – 10] .  

  19.2 
 Criteria of Potential Heredity 

 Familial occurrence of the same tumor entity or somehow related tumor entities 
of other organs with at least two second - degree family members is a minimal 
requirement for potential heredity of a rather rare tumor disease, suggesting a 
possibly autosomal dominant pedigree, in most cases with penetrance lower than 
100%. Early onset tumor manifestation suggests potentially hereditary factors. As 
the mean age of gastric cancer patients is between 63 and 65 years, and the age -
 related highest incidence is in the group of patients over 70 years of age, gastric 
cancer manifestation before 50 years or even younger than 40 years is remarkably 
young. Synchronous or metachronous tumor manifestation of the same organ 
or in other organs somehow potentially related might hint at hereditary 
disease.  

  19.3 
 Hereditary Gastric Cancer 

 There are two hereditary gastric cancer entities going along with familial occur-
rence of gastric cancer, suggesting an autosomal dominant pedigree with a pene-
trance below 100%:  hereditary diffuse type gastric cancer  ( HDGC ), and  familial 
gastric cancer  ( FGC ) with a so far unknown mutational background. Within 
 hereditary non - polyposis colorectal cancer  ( HNPCC ), gastric cancer is the third 
most common following colorectal and endometrial cancer. Nevertheless, most 
HNPCC families do not present with gastric cancer, some with single gastric 
cancer cases, and just a few with a familial type manifestation. Finally, there are 
some rare hereditary tumor or polyposis syndromes with an identifi ed mutational 
background, along with an increased incidence of gastric cancer compared to the 
main population, but in most families not showing up with a familial type of 
gastric cancer manifestation (Table  19.2 ).    
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  19.4 
 Hereditary Diffuse Type Gastric Cancer ( HDGC ) 

  19.4.1 
 Clinical Presentation 

 This very rare FGC syndrome is caused by a germline mutation in the adhesion 
molecule E - cadherin with an autosomal - dominant pedigree pattern. First described 
in 1998, in New Zealand Maori families, European families had been presented 
in 1999  [11 – 15] . Since then, at least 68 families with E - cadherin germline muta-
tions have been identifi ed worldwide, with at least 8 families in Germany and 
Austria  [16 – 27] . The leading tumor entity is gastric cancer of the diffuse subtype 
according to Lauren. In addition, the incidence of breast cancer of the lobular 
subtype is increased, and perhaps there might also be a slightly increased inci-
dence of colorectal and questionably of prostatic cancer. The mean age of gastric 
cancer manifestation is about 40 years, with some very young patients aged 14 and 
15 years. Life - time risk for gastric cancer has been calculated as 83% for female 
and 67% for male mutation carriers. A very rough calculation of the life - time risk 
for breast cancer is about 38% in female mutation carriers  [17, 22, 28 – 30] . There 
are no data regarding the prevalence of HDGC to date. 

 Criteria for E - cadherin screening accepted internationally are presented in Table 
 19.3 , with examples of pedigrees in Figure  19.1 . Because of gastric cancer having 

 Table 19.2     Types of hereditary gastric cancer. 

  Entity    Gene    Familial 
clustering  

  Mean age 
(years)  

  Characteristics  

  HDGC    E - cadherin    Yes    40    Diffuse subtype, 
lobular breast 
cancer  

  HNPCC    Mismatch repair    Exceptionally    56 – 58    Colorectal cancer  

  FGC of unknown 
origin  

  Unknown 
heterogenous  

  Yes    Early/late 
onset families  

    

  Li Fraumeni 
syndrome  

   p53     Exceptionally    35    Sarcomas, breast 
cancer, early 
onset tumors  

  Polyposis 
syndromes  

  Various 
(see Table  19.6   )  

  No    No data    Gastrointestinal 
polyps (specifi c, 
hamartomatous, 
adenomatous)  
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 Table 19.3     Screening criteria for E - cadherin germline mutation. 

  1. At least two fi rst -  or second - degree family members with gastric cancer, non - intestinal, or 
unknown Lauren subtype. 1 younger than 50 years.  

  2. At least three fi rst -  or second - degree family members with gastric cancer, non - intestinal, 
or unknown Lauren subtype.  

  3. At least two fi rst -  or second - degree family members with gastric and breast cancer, non - 
intestinal, or unknown Lauren subtype and/or lobular subtype breast cancer. 1 younger 
than 50 years.  

  4. At least one family member with gastric or breast cancer, non - intestinal, or unknown 
Lauren subtype and/or lobular subtype breast cancer, and another fi rst -  or second - degree 
family member with abdominal tumour of unknown origin. 1 younger than 50 years.  

  5. One family member with early onset gastric cancer ( < 35 – 40 years) and otherwise negative 
family history for gastric and breast cancer.  

 Table 19.4     Probability of E - cadherin germline mutation detection 
depending on number and age of onset of gastric cancer. 

  Gastric cancer     < 50   years    Diffuse subtype     N     Mutations  n  (%)  

  1    <    45   J    1    1    18     [1]   
   ≥ 2    2    1    10    5 (50)  
   ≥ 2    1    1    26    6 (23)  
   ≥ 2    1    2    2    1  
   ≥ 2    0    1    7    0  
   ≥ 3    2    1    7    5 (71)  
   ≥ 3    1    1    14    6 (43)  
   ≥ 3    0    1    3    0  
  Overall            51    7 (14)  

a bad prognosis in most families, just one gastric cancer case can be identifi ed as 
being the diffuse subtype according to Lauren. In two or more gastric cancer cases, 
one of the diffuse subtype and one gastric cancer with an onset at an age of 
younger than 50 years, the probability of detecting an E - cadherin germline muta-
tion is about 20%. Having two gastric cancer cases younger than 50 years, the 
probability increases to 50%. In families with three or more gastric cancer cases, 
two younger than 50 years and one of the diffuse subtype, the probability of an E -
 cadherin germline mutation increases to 70% (Table  19.4 ). In families with at least 
two gastric cancer cases and one diffuse subtype tumor and one younger than 50 
years, the probability for an E - cadherin germline mutation is about 14%, with two 
verifi ed diffuse subtype tumors increasing to 30%. Other criteria listed in Table 
 19.3  help to identify single families  [16, 17, 20, 27, 28] .      
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        Figure 19.1     Pedigrees with HDGC and E - cadherin germline mutation 
fulfi lling criteria 1 and possibly 2 (a) and criteria 3 and 4 (b). Third 
pedigree with very early onset gastric cancer (14 years) and lobular 
breast cancer (c). MSS: microsatellite stability; JHC: 
immunohistochemistry.  

  19.4.2 
 Molecular Genetics 

 E - cadherin (CDH1) is a calcium dependent cell adhesion molecule, which plays a 
key role in the structural integrity of epithelial tissues. The  E - cadherin  gene com-
prises 16 exons and is located on the long arm of chromosome 16. Somatic muta-
tions of this gene are typically found in a substantial proportion of diffuse type 
gastric cancer and lobular breast carcinomas  [31, 32] . E - cadherin germline muta-
tions have been reported in several studies, and until today, at least 68 germline 
mutations in 273 families tested have been identifi ed. Among these, 78% are 
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Figure 19.1 Continued

truncating mutations, thus representing clear pathogenic mutations, and 22% are 
missense mutations. The mutations are distributed over the whole gene and no 
mutation hotspots were identifi ed  [27] . 

 For some of the missense mutations,  in vitro  analysis revealed a functional 
decrease in cell adhesion and an increase of cell invasion, indicating a pathogenic 
signifi cance of these mutations  [33 – 35] . Intragenic deletion of one or more exons 
have been described as the second - hit mechanism of inactivation of the second 
allele, but not as a basis for germline mutations  [36] .  
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Figure 19.1 Continued
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  19.4.3 
 Histology 

 There have been no intestinal type gastric cancer cases identifi ed in E - cadherin 
germline mutation carriers. As sporadic E - cadherin mutations have been described 
in about 50% of gastric cancer cases of the diffuse subtype according to Lauren, 
but not in pure intestinal subtype cases, it was unlikely to identify intestinal type 
gastric cancer in germline mutation carriers. Nevertheless, there might be rare 
cases of sporadic gastric cancers in germline carriers who did not develop fatal 
manifestations of the germline associated diffuse type gastric cancer. Very few 
cases indicate a manifestation of the mixed type gastric cancer, according to 
Lauren, in E - cadherin germline mutation carriers  [17, 33] . A thorough investiga-
tion of prophylactically resected stomach specimens of mutation carriers without 
endoscopic evidence of gastric cancer helped to identify the premalignant 
lesion or  in situ  carcinoma of diffuse type gastric cancer. This so - called globoid 
dysplasia has been found in 7 out of 10 prophylactically resected gastric cancer 
specimens of germline mutation carriers  [37, 38] . Nevertheless, all specimens 
showed between 1 and 161 early gastric cancer manifestations. Although their 
defi nite biological signifi cance is not clear, since there is no 100% penetrance of 
gastric cancer manifestation in mutation carriers, at least 70 to 80% of mutation 
carriers defi nitely develop gastric cancer via these premalignant and early malig-
nant lesions.  

  19.4.4 
 Surveillance, Predictive Testing, and Therapy 

 The  International Gastric Cancer Linkage Consortium  ( IGCLC ), an interdisciplin-
ary group of scientists working on hereditary gastric cancer worldwide, published 
guidelines on clinical and genetic counseling in 1999, which had been supported 
by published results in the years following  [28, 39] . Mutation carriers and persons 
at risk, not being genetically tested, are offered annual endoscopic surveillance 
with a special pre - endoscopic preparation of the stomach, mucosal, staining and 
random biopsies systematically taken out of the various gastric regions without 
using endoscopic ultrasound, and additional magnifying endoscopic techniques 
whenever possible. Because of the option of endoscopic surveillance, predictive 
testing for E - cadherin germline mutations has been offered to all persons at risk 
beyond the age 10 years, because of the youngest tumor manifestations at 14 and 
15 years (Figure  19.1 c). 

 Experienced clinicians expected a high risk of missing the early diagnosis of 
diffuse type gastric cancer in mutation carriers because of only minimal mucosal 
changes, early intramural spread, high life - time risk of developing gastric cancer, 
and little experience in the early detection of gastric cancer, particularly in Western 
compared to Asian countries. Therefore, the IGCLC established a concept of pro-
phylactic gastrectomy as an alternative to endoscopic surveillance, offered to muta-
tion carriers within a certain age range and fi t for surgery following intensive 
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clinical and genetic counselling, and stressing the benefi t and risk of endoscopic 
surveillance as well as morbidity and mortality of prophylactic gastrectomy. Mor-
bidity and mortality fi gures regarding high volume centers of gastric cancer 
surgery presented to the IGCLC suggested morbidity of around 10% and mortality 
less than 2% for non - tumor patients younger than 40 to 50 years of age (National 
University of Seoul, Korea; University of Siena, Italy; University of Technology 
Munich, Germany)  [28] . 

 The New Zealand group, initially describing E - cadherin germline mutations in 
Maori families, published their data on the surveillance program established in 
mutation carriers. Their at - risk persons did not accept the offer of prophylactic 
gastrectomy, but did accept surveillance endoscopy. Ten early gastric cancers have 
been diagnosed among 33 mutation carriers at risk, having had surveillance 
endoscopies over a period of 5 years. According to their data, they did not miss 
a gastric cancer as no advanced tumors beyond a T1 - category had been detected, 
or any tumor - related death of persons at risk in the surveillance program  [40, 
41] . Besides endoscopic surveillance, E - cadherin germline mutation carriers in 
the United States and Canada accepted the option of prophylactic gastrectomy. 
Since 2000, more than 10 prophylactic gastrectomies have been published, one 
even performed with laparoscopic assistance  [37, 38, 42, 43] . Preoperative endos-
copy needs to be without evidence of gastric cancer in order not to perform 
lymphadenectomy along the hepatic and celiac artery. Complete removal of the 
gastric mucosa of the esophageal and duodenal resection line has to be ascertained 
by frozen section of the oral and distal resection margin. Since prophylactic 
resection demands low morbidity, a simple Roux Y reconstruction has been per-
formed internationally. Nevertheless, a jejunal pouch with esophago - jejunoplica-
tion is our own reconstruction of choice, with low morbidity and some functional 
advantages  [44, 45] . 

 There have been no reports about mortality. Prophylactic gastrectomy should 
be performed in experienced oncological upper GI surgical centers, since this 
rare procedure demands low morbidity and mortality with a differentiated histo-
pathological workup according to a standardized protocol  [38] . The fi rst ten pro-
phylactically removed stomachs showed between 1 and 164 early gastric cancer 
manifestations and a suggested preneoplastic or carcinoma  in situ  lesion leading 
to diffuse type gastric cancer, called globoid dysplasia  [37, 38] . Counselling for 
prophylactic gastrectomy should take into account the individual development of 
a mutation carrier (college, university or job training, wish for pregnancy, etc.) and 
the age (beyond 18 years, reasonable remaining life expectancy), and considering 
co - morbidity and life - long cancer risk  [28] . 

 Surveillance generally and following prophylactic gastrectomy has to include 
increased risk for breast cancer manifestation, not only in female mutation 
carriers. In addition, a potentially higher risk for colorectal and prostatic cancer 
should be kept in mind. Psycho - oncologic counselling and therapy should be 
offered with clinical and genetic counselling to potential or newly detected muta-
tion carriers with or without gastric cancer, and parallel to the offer of prophylactic 
gastrectomy. In addition, nutritional counselling with surgery is mandatory. 
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Following prophylactic or curative gastrectomy, at least annual esophago - jejunos-
copies should be performed to judge for gastric mucosal islets in the esophagus 
or at the anastomotic site. The gastric mucosal islets have been observed macro-
scopically in about 6% of cases, but microscopically even more often  [46, 47] . 
Whether there is an increased risk of adenocarcinoma due to these islets has not 
yet been reported. Theoretically, there is even an increased risk by gastric mucosa 
in Meckel ’ s diverticula.   

  19.5 
  HNPCC  Associated Gastric Cancer 

  19.5.1 
 Clinical Presentation 

 Gastric cancer has been considered of minor importance regarding the detection 
and defi nition of the HNPCC syndrome (see Chapter  17  on Lynch syndrome 
(HNPCC)). Though identifi ed as the third most common on the list of HNPCC 
tumors with 4 to 5% close to small bowel cancer, it ranges far behind colorectal 
cancer with 70 to 80% and endometrial cancer with 10%  [48, 49] . Gastric cancer 
has not been defi ned in the tumor list by the Amsterdam II criteria, but by the 
Bethesda criteria  [50, 51] . As the majority of HNPCC families do not present with 
any gastric cancer manifestation, most families with gastric cancer present with 
just single cases. There is an undefi ned probability of non - HNPCC related spo-
radic gastric cancer cases of germline positive as well as germline negative family 
members. Some families present with two or more gastric cancer cases, also 
showing associated rather young colorectal cancer manifestations (Figure  19.2 ). 
The mean age of patients with HNPCC - related gastric cancer is 56 to 58 years, 
and therefore 10 to 15 years older than colorectal cancer manifestation  [48, 
52, 53] .    

  19.5.2 
 Molecular Genetics 

 Germline mutations in the DNA mismatch repair genes  MSH2, MLH1, MSH6 , 
and  PMS2  are the molecular genetic cause for the HNPCC syndrome  [54 – 56] . A 
typical feature of the tumors of HNPCC patients is the occurrence of a high degree 
of microsatellite instability (MSI - H), which can be found in around 80% of the 
tumors in these patients. Microsatellites are short repetitive DNA sequences, 
which occur throughout the genome, mainly in non - coding regions. Microsatellite 
sequences are prone to errors during DNA replication, which are normally recog-
nized and corrected by the DNA mismatch repair system. If the function of this 
repair system is impaired by mutations in one of the mismatch repair genes in 
the tumor, it leads to the occurrence of additional microsatellite alleles, called 
microsatellite instability. Defects in the DNA mismatch repair system not only 



      Figure 19.2     Pathogenic germline MSH2 mismatch repair gene mutation 
in two families with multiple positive Bethesda but negative Amsterdam 
II criteria with 2 (a) and 4 gastric cancer (b) and early onset colorectal 
cancer. Negative mutation screening for MLH1, MSH6 and p 53. MSI -
 H: high rate microsatellite instability; IHC: immunohistochemistry.  
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lead to microsatellite instability, but may also affect repetitive sequences in the 
coding region of genes, which are important for normal cell function and prolifera-
tion, thus contributing to tumor development. 

 The molecular diagnostics of an HNPCC syndrome is performed by analyzing 
a standardized panel of fi ve microsatellite markers and/or by performing immu-
nohistochemical analysis of the expression of the DNA mismatch repair genes in 
the tumor  [57 – 59] . If at least two of the fi ve markers demonstrate microsatellite 
instability, and/or loss of the expression of one of the mismatch repair gene is 

Figure 19.2 Continued



observed in the tumor, a germline mutation analysis is performed. Loss of the 
expression of a specifi c mismatch repair gene indicates which of the mismatch 
repair gene preferentially may harbor a germline mutation, and where mutation 
analysis should be started. In patients having been pre - selected by these criteria, 
pathogenic germline mutations have been found in 55 to 62% in  MSH2  or  MLH1  
in German studies, and in 21% of the patients missense mutations with an unclear 
pathogenic function have been identifi ed  [59, 60] . In both genes, the majority of 
the pathogenic mutations are point mutations or small insertions or deletions, and 
the mutations are distributed over the whole genes. Larger genomic deletions 
encompassing one or several exons are found in 10 to 17% of the patients  [60, 61] . 
Germline mutations in the  MSH6  gene are rare and have been reported in 4% of 
patients for whom the tumors have been fi rst analyzed for microsatellite instability 
and/or by immunohistochemistry  [62] . Overall, there is no genotype - phenotype 
correlation regarding gastric cancer manifestation. From the gastric cancer point 
of view, we tested microsatellite instability in 113 gastric cancer cases with familial 
or otherwise HNPCC - related background and detected high rate MSI (MSI - H) in 
18%. Twenty - eight percent of MSI - H tumors turned out to be due to a germline 
mutation in one of the mismatch repair genes tested, which means an overall 
germline mutation rate of almost 5% (Table  19.5 ).    

  19.5.3 
 Histology 

 The Munich registry shows HNPCC related gastric cancer associated with the 
intestinal subtype without a predominant localization in the stomach. This is in 
accordance with most analyses regarding gastric cancer and microsatellite instabil-
ity, regardless of an HNPCC relationship  [63 – 66] . 

 Though colorectal HNPCC related cancer shows certain histological character-
istics, including low grading (G3) associated with high grade microsatellite insta-

 Table 19.5      HNPCC  associated gastric cancer. High rate 
microsatellite instability (  MSI  -  H  ) and mutation analysis ( Mut ) 
for mismatch repair genes. 

      MSI - H/tests    Mut/tests  

  Amsterdam positive, any age    4/21    1/4  
   ≥ 3 gastric cancer    3/17    0/3  
  2 gastric cancer, 1    <    50 years    2/16    1/2  
  2 gastric cancer, fi rst - degree    3/37    0/3  
  2 gastric cancer    3/12    1/3  
   ≥ 1 gastric cancer   +   HNPCC tumor    3/14    2/3  
  1 gastric cancer  ≤ 45 years    0/18     –   
  Overall ( n )    18/113    5/18  
  Overall (%)    16%    28%  
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bility, this has not been observed in the Munich registry or mentioned in the 
literature, with the exception of an article by dos Santos  [66] . Low grading associ-
ated with high - grade microsatellite instability in gastric cancer has only been 
observed by Han  [67] .  

  19.5.4 
 Surveillance, Predictive Testing and Therapy 

 Originally, there had been no recommendation for surveillance endoscopies 
regarding gastric cancer in HNPCC families without gastric cancer manifestation. 
A Scandinavian study in HNPCC families including surveillance endoscopy for 
gastric cancer was not effi cient, since gastric cancer cases were rare  [68] . Pedigrees 
with gastric cancer cases should induce gastric cancer surveillance for persons at 
risk at about 2 - year intervals. The recent data identifying gastric cancer as the third 
most common among HNPCC related tumors again stimulated the discussion 
about including upper GI endoscopy in the regular surveillance program, even in 
HNPCC families without a gastric cancer manifestation. Whereas the Interna-
tional Society of Gastrointestinal Hereditary Tumors recommends surveillance for 
cancer of the stomach if there is a clustering of more than one case in the family, 
the Mallorca group (European experts) recommends gastro - duodenoscopy starting 
at 30 to 35 years in 1 -  or 2 - year intervals in countries with a high gastric cancer 
incidence  [69] . Predictive testing is offered to persons at risk beyond 18 years of 
age, as tumor manifestation is not expected in adolescence. There is no indication 
for prophylactic surgery in HNPCC, neither for colorectal nor gastric cancer. 
Nevertheless, in cases of gastric pathology with high - grade neoplasia or early or 
distal cancer, an extended radicality is recommended as total gastrectomy is supe-
rior to endoscopic or distal gastric resection with regard to synchronic multifocal 
or metachronic gastric cancer disease. In HNPCC families, there is a strong indica-
tion for diagnostic endoscopy in cases of upper GI complaints or associated 
symptoms. Detection of HP infection should lead to eradication therapy, particu-
larly in young persons at risk.   

  19.6 
 Familial Gastric Cancer of Unknown Origin 

  19.6.1 
 Clinical Presentation 

 Among gastric cancer patients, one or even two fi rst -  or second - degree relatives 
with gastric cancer have been observed in 18 and 5% of patients (Figure  19.3 ). 
Finally, less than 2%, that is about 10% of familial cases, have a detectable germ-
line mutation, but nevertheless they all present with a FGC pattern. Presentation 
differs depending on two, three, or more family members with gastric cancer, the 
age of onset, Lauren subtype of the index patient, and possibly associated other 



tumors within the family. They all have in common either negative screening cri-
terias for HDGC and HNPCC, negative mutational screening for E - cadherin and 
microsatellite instability, or even mismatch repair genes.   

 There are different patterns of presentation for FGC. According to the Amster-
dam I criteria in HNPCC, there are three or more family members with gastric 
cancer in at least two generations, one a fi rst - degree relative to the others with at 
least one early onset gastric cancer before the age of 50 (Figure  19.4 ). In our own 
hereditary gastric cancer registry, there are twice as many diffuse subtype index 
cancer patients compared to the intestinal subtype, in parallel with a higher inci-
dence of diffuse subtype gastric cancer among early onset gastric cancer patients 
without a positive family pattern. There are fewer families showing a wider rela-
tionship with early onset gastric cancer. Again, most index tumors are of the 
diffuse subtype. An Amsterdam - type relationship without early onset is less fre-
quent with most index tumors classifi ed as intestinal subtype (Figure  19.5 ). Finally, 
a wide relationship without early tumor onset has been observed more often with 
the same frequency of diffuse and intestinal subtype index tumors. There are 
single families with an association of gastric ulcer and gastritis (Figure  19.6 ) or 
type A gastritis to a strong familial pattern of gastric cancer. Finally, some families 
along with the FGC pattern, demonstrate some HNPCC associated tumors without 
early onset manifestation. In most cases, these tumors have to be identifi ed pre-
liminarily as sporadic tumors, at least not related to HNPCC. Nevertheless, it 
remains unclear whether these tumors have some syndromic characteristics or 
mark a phenotype associated to a so far unknown mutation.    

  19.6.2 
 Molecular Genetics 

 FGC with an early onset ( < 50 years) and diffuse subtype needs E - cadherin muta-
tional screening. HNPCC - associated Bethesda criteria (see Chapter  17  on Lynch 
syndrome (HNPCC)) should be checked, and microsatellite analysis or immuno-
histochemistry for mismatch repair genes performed if necessary. A possible Li 

    Figure 19.3     Family history of gastric cancer. Prospective analysis of clinical cases  n    =   177.  
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Fraumeni syndrome should be ruled out by pedigree presentation with associated 
tumor manifestations and  p53  mutational screening (see Chapter  3  on family 
cancer syndromes)  [70] . Rare cases of familial breast and gastric cancer manifesta-
tion should lead to  BRCA2  mutation analysis (see Chapter  11  on herditary breast 
cancer)  [71] . The association of gastric cancer and polyposis has to be kept in mind 
regarding various candidate genes. According to our clinical and molecular 
experience, we established an algorithm of molecular testing depending on the 

    Figure 19.4     FGC fulfi lling gastric cancer Amsterdam criteria 
with diffuse subtype and early onset. Negative testing for 
E - cadherin and microsatellite instability.  



familial occurrence of gastric cancer, age of manifestation, histological subtype, 
other tumor diseases in the family or the patient, and a polyposis phenotype 
(Figure  19.7 ).   

 Neither catenins nor caspase - 10,  SMAD4, RUNX3, HPP1 , or  Desmoglein 2 , 
worked on by different groups collaborating in the International Gastric Cancer 
Linkage Consortium, have turned out to be predisposing genes in FGC  [17, 20, 
72, 73] .  

    Figure 19.5     Amsterdam type relationship for gastric cancer 
with late onset and intestinal subtype with microsatellite 
stability and negative testing for  MSH6  and  p53 .  
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    Figure 19.6     Familial occurrence of gastric cancer with early 
and late onset, gastric ulcer, and gastritis with negative 
mutational analysis.  

  19.6.3 
 Histology 

 Obviously, all different subtypes present in these families, according to Lauren, 
although the diffuse subtype occurs more often with early onset tumors. Verifi ca-
tion of histology by obtaining the pathology report, and sometimes a second 
opinion by a reference pathologist, is extremely helpful. It also enables the clini-
cian to establish some association to HP infection retrospectively. Some gastric 
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cancer cases turn out to be gastric ulcer disease, and some as tumor diseases of 
other organs such as the esophagus. Particularly, the subtype classifi cation accord-
ing to Lauren differs among pathologists, and therefore a second opinion often 
changes the diagnosis and may induce E - cadherin mutational screening.  

  19.6.4 
 Surveillance and Therapy 

 As there are no established surveillance programs stratifi ed according to FGC 
patterns, the individual recommendations are entirely based on expert opinion 
and related to statistical data and experience with familial colorectal cancer mani-
festation. On the background of their FGC occurrence, some persons at risk start 
surveillance endoscopies independently, as happened in the family demonstrated 
in Figure  19.8 . The index patient had several surveillance endoscopies until the 
age of 55, when early diffuse type gastric cancer had been diagnosed and con-
fi rmed by a second pathologist as the gastric biopsy site could not be identifi ed by 
re - endoscopy. The ideal age is 5, better 10 years before the youngest gastric cancer 
manifestation of the family so far. It should be recommended to fi rst - degree 
relatives.   

    Figure 19.8     Mutation negative FGC without early onset 
manifestation. Index patient was diagnosed with early diffuse 
type gastric cancer by surveillance endoscopy.  
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 If there is a leading Lauren subtype of gastric cancer, endoscopies should be 
performed annually for the diffuse type, and for the intestinal subtype, every 2 
to 3 years should be reasonable. Additional gastric pathology such as atrophic gas-
tritis, most likely caused by type B gastritis (HP associated) and rarely by type 
A gastritis (autoimmune, associated with pernicious anemia), and consecutive 
intestinal metaplasia should be diagnosed, which increases gastric cancer risk ten 
times. There are rare cases with even strong FGC manifestation. Particularly, a 
Type III incomplete intestinal metaplasia is associated with the highest cancer risk 
 [74] . The potentially large extension of intestinal metaplasia along the lesser cur-
vature might be an important predictive risk factor for cancer risk  [75] . Detection 
of low - grade neoplasia, according to the Padua classifi cation, can trigger surveil-
lance intervals  [76 – 79] . On the background of FGC, there is at least a theoretical 
benefi t for HP eradication, particularly in young persons at risk. Longstanding 
low - grade neoplasia is supposed to be associated with a 10% gastric cancer risk, 
high - grade neoplasia confi rmed by a second pathologist, even with a 60 to 70% 
gastric cancer risk in the course of many years  [80] . The identifi cation of a gastric 
cancer family should induce intensive clinical and additional genetic counseling, 
particularly for fi rst - degree relatives. 

 Detection of high grade neoplasia or early gastric cancer in patients with a 
FGC background should consider a high risk for synchronous multifocal or 
metachronous gastric cancer. In the Munich hereditary gastric cancer registry, 
one - third of patients with multifocal gastric cancer and a positive family history 
eventually turned out to have a germline mutation. Also in Japan, a positive 
family history is associated with multifocality of gastric cancer  [81] . Data on 
the metachronous risk for local recurrence or a second gastric cancer manifesta-
tion in gastric remnants following subtotal resection are contradictory, most 
series showing a metachronous risk of up to 20%  [82 – 89] . Therefore, any 
limited therapy, such as endoscopic mucosal or submucosal resection, endo-
scopic or combined endoscopic - laparoscopic transmural resection, or even distal 
or subtotal gastric resection should be weighed against a total gastrectomy with 
extended prophylactic radicality, as performed with the index patient in Figure 
 19.8 . Gastric pathology, age of onset, pedigree pattern, negative mutational 
screening, and co - morbidity should infl uence the surgical decision as well as 
intensive clinical and genetic counseling. The familial phenotype regarding 
other potentially associated tumor types should trigger surveillance and staging 
before surgery in case of gastric cancer occurrence. As far as we know, the 
familial background of gastric cancer should not infl uence the decision on 
neo - adjuvant chemotherapy in cases of a locally advanced gastric cancer 
manifestation.   

  19.7 
 Gastric Cancer as Part of Rare Hereditary Tumor Syndromes 

 There are some rare tumor syndromes connected with an increased risk for gastric 
cancer. As they will be described in other chapters (e.g. see Chapter  3  on family 
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cancer syndromes), a gastric cancer association is mentioned briefl y. Table  19.6  
 [70, 71, 90 – 100]  summarizes information on these tumor syndromes.   

 In Li Fraumeni syndrome, gastric cancer is the second most common among 
the extra - syndromic malignancies following lung cancer, with typical early onset 
at about 35 years of age. Mostly single gastric cancer cases will be found within 
the pedigrees; however, some present with familial occurrence of gastric cancer 
(Figure  19.9 ). For example, most pedigrees show typical malignancies for Li 
Fraumeni syndrome as sarcomas, breast cancer, adrenocortical tumors, and leu-
kemia. Within the group of FGC in Western countries, about 2 to 3% of cases 
might be attributable to a  p53  germline mutation  [17, 20] . More single families 
have been identifi ed in Korea and Japan  [101, 102] . There is no general recom-
mendation for Li Fraumeni carriers to have upper GI endoscopy, as long as there 
is no familial occurrence of gastric cancer.   

 Single breast cancer families have been observed with additional occurrence of 
gastric cancer and  BRCA2  mutations, although large series of  BRCA2  mutation 
carriers did not show an increased risk of gastric cancer  [71, 90] . Pedigrees with 
breast and gastric cancer might also give a hint for an E - cadherin germline muta-
tion in cases of diffuse type gastric and lobular type breast cancer. As surveillance 
programs should be adapted to additional organs being affected in selected fami-

    Figure 19.9     FGC within Li Fraumeni syndrome ( p53  germline mutation).  
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lies, upper GI endoscopy should be performed in these families at least 5 years 
before the youngest gastric cancer manifestation. 

 There are several reports about the increased gastric cancer risk in all polyposis 
syndromes (see Chapter  16  on gastrointestinal polyposis syndromes). For some 
very rare subtypes, data regarding gastric cancer risk are limited to the experience 
with small series. Although often stated, there are hardly any data on increased 
gastric cancer risk in  familial polyposis coli  ( FAP ) in Western countries compared 
to a slightly increased risk in Asia  [91 – 95] . There is fi rst evidence in Japanese 
patients that the incidence of gastric adenomas might be associated to chronic HP 
infection, which triggers gastric cancer risk  [103] . Nevertheless, as there is a high 
risk for duodenal adenomas and consecutive carcinomas, surveillance includes 
upper GI endoscopy starting at about 25 years, having 1 -  to 5 - year intervals, 
depending on duodenal adenoma appearance (Spigelman score). PTEN hamar-
toma syndrome is not connected with increased gastric cancer risk  [96] . For juve-
nile polyposis, there are some contradictory results with gastric cancer being 
second most in one series  [99]  and no gastric cancer cases in another study cohort 
 [100] , but again upper GI endoscopy is part of the surveillance program starting 
in the teenage years with 3 - year intervals. There have been large enough series 
with Peutz – Jeghers syndrome giving a relative risk for gastric cancer of 213. Sur-
veillance includes upper GI endoscopies every 3 years without polyps and yearly 
when polyps have been detected  [96 – 98] .  

  19.8 
 Impact of Polymorphisms on Gastric Cancer Risk 

 Since gastric cancer incidence is particularly different between western and eastern 
populations, and proximal gastric cancer is increasing and distal cancer is deceas-
ing in most countries of the Western world, polymorphism studies for gastric 
cancer have been critically looked at depending on the ethnic and regional back-
ground. Because of HP and the associated infl ammation being the most important 
carcinogen for gastric cancer, it was not surprising that pro - infl ammatory poly-
morphisms in IL - 1B, IL1RN, and TNF - alpha, as well as special genotypes of HP, 
led to a gastric cancer risk with an odds ratio up to 87, taking into account the HP 
genotype and 9.7 for the 3 polymorphisms  [4, 104] . These data could not be con-
sistently confi rmed in Japanese patients, but the interleukin - 8 promoter polymor-
phism 251 was identifi ed as a risk factor with an odds ratio of about 2, which again 
could not be confi rmed in a Portuguese population  [105 – 107] . Recently, the MDM2 
promoter polymorphism (SNP309) has been associated with an increased gastric 
cancer risk in a Japanese population  [108] . Although various enzymes with func-
tionally relevant polymorphisms are involved in processes potentially associated 
with gastric cancer carcinogenesis (i.e. CYP2E1, GSTT1, GSTP1, GSTM1, ALDH2, 
and ODC), the majority do not individually infl uence gastric cancer risk, besides 
a possible association with dietary or smoking habits which might have secondary 
infl uence on gastric carcinogenesis  [109] .  
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  19.9 
 Future Perspectives 

 Obviously, we are missing more potential candidate genes for FGC. As demon-
strated, the clinical phenotype is very different, which is suggestive for not just 
one but several putative candidate genes. As most families are small and prognosis 
of gastric cancer is bad, linkage analysis for detecting new candidate genes is not 
feasible. Cooperating groups worldwide, such as the International Gastric Cancer 
Linkage Consortium, have initiated cooperative studies which might be a platform 
for fi nding new candidate genes. Stratifi ed according to clinical, histological, and 
molecular criteria, pooled analyses of selected families and cases might offer new 
chances using constitutional and tumorous DNA fi nally paraffi n derived, and array 
technology. In addition, genes involved in the oncogenesis of sporadic cancer are 
always potential candidate genes for hereditary gastric cancer as well. 

 Polymorphism studies depend on high - quality data assessment regarding 
patients and tumors, which can be achieved only by prospective multi - center case 
recruitment of high volume institutions. 

 Finally, differentiated animal models are missing, and a few settings can inves-
tigate gastric carcinogenesis, on the basis of TNF - alpha - dependent infl ammation 
processes mediating COX2 and prostaglandins responsible for metaplasia and 
hyperplastic tumors  [110] .  
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  The fatality of  pancreatic cancer  ( PC ) is mostly caused by an advanced stage of 
diagnosis for the majority of patients. Nearly 5% of all PC patients exhibit a familial 
background of the disease. Inherited forms of PC occur in three distinct clinical 
settings: fi rst, hereditary tumor syndromes revealing primarily a clinical pheno-
type other than PC with an increased risk of PC. Second,  hereditary pancreatitis  
( HP ) and  cystic fi brosis  ( CF ) predispose to the development of PC. The third 
setting is  familial pancreatic cancer  ( FPC ). High - risk individuals from these PC 
prone families need to be identifi ed and enrolled in screening programs at expert 
centers, providing genetic counseling and further screening techniques. In case 
of identifi ed suspicious lesions, surgery should be performed to avoid overtreat-
ment and to keep the associated morbidity as low as possible.      

  20.1 
 Introduction 

  Pancreatic cancer  ( PC ) has one of the worst prognoses among human cancers, 
and the mortality almost equals the incidence of this disease. Since a certain 
number of patients suffering from PC exhibit a familial background, several tumor 
registries have been founded to investigate the genetic basis of these FPC forms, 
and to provide a clinical screening program for persons from cancer prone families 
and therefore at risk, which is a crucial point for early detection.  

  20.2 
 History and Epidemiology of Familial Pancreatic Cancer 

 PC is the fi fth leading cause of cancer - related deaths in the EU. As estimated by 
recent publications, around 59   000 patients were diagnosed with PC in 2006, and 

Summary
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approximately 64   000 patients will die from this disease  [1] . The poor 5 - year sur-
vival rate of 5% is due to lack of accurate screening techniques to detect PC before 
the onset of symptoms, especially when compared to other malignancies such as 
colon cancer. Therefore, only a minority of patients harboring PC present with a 
local disease. 

 In the 1980s, several case reports indicated that PC accumulates in some fami-
lies  [2, 3] . The fi rst thorough study investigating a cohort of families revealing an 
aggregation of PCs was published in 1989  [4] . In the aftermath of this study, several 
tumor registries were founded in the United States and Europe to further collect 
and analyze data on these cancer prone families, and to provide clinical screening 
as well as counseling to persons at risk. 

 Recent studies from Germany and Sweden demonstrated that  hereditary pan-
creatic  ( HP ) accounts for 2.7 and 1.9% of all PC cases, respectively  [5, 6] . Overall, 
a familial predisposition to PC occurs in three different clinical settings. First, 
hereditary tumor syndromes that reveal primarily a clinical phenotype other than 
PC are known to be associated with an increased risk of PC. Second, HP and  cystic 
fi brosis  ( CF ) can predispose to the development of PC due to onset at an early age, 
and the concomitant changes and injuries in the pancreas. The third setting is the 
 familial pancreatic cancer  ( FPC ). This term is applied to families with at least two 
or more fi rst - degree relatives with PC without fulfi lling the criteria of other tumor 
predisposition syndromes.  

  20.3 
 Inherited Tumor Syndromes Associated with Pancreatic Cancer 

  20.3.1 
 Familial Atypical Multiple Mole Melanoma 

  Familial atypical multiple mole melanoma  ( FAMMM , see also Chapter  24  on 
Malignant Melanoma) is a disease characterized by 50 or more dysplastic nevi and 
melanoma in two or more fi rst - degree relatives. About 25% of all FAMMM fami-
lies are associated with the development of PC. In around 50% of these families, 
oncogenic mutations in the  cyclin - dependent kinase 2A  ( CDKN2A ) were identi-
fi ed. In contrast, melanoma prone kindreds not harboring a CDKN2A mutation 
revealed no PC, and the penetrance of the mutations varies considerably. Individu-
als of these FAMMM families carrying a CDKN2A mutation have a 13 – 22 - fold 
increased risk of developing a PC  [7] . Furthermore, carriers of a distinct CDKN2A 
mutation (p16 - Leiden) have a cumulative 17% risk of developing PC by the age of 
75  [8] . 

 Interestingly, CDKN2A mutations also occur in kindreds with PC and mela-
noma which lack the FAMMM phenotype. Furthermore, mutations of the CDKN2A 
locus have not been described with FPC. Therefore, the occurrence of PC and 
melanoma seems to be another distinct tumor predisposition syndrome called 
 melanoma - pancreatic cancer syndrome  ( MPCS )  [9, 10] .  
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  20.3.2 
 Peutz – Jeghers Syndrome 

  Peutz – Jeghers syndrome  ( PJS ) is an autosomal dominant tumor syndrome with 
an incidence of 1 in 25   000, defi ned by a clinical phenotype of multiple hamarto-
matous intestinal polyps in association with mucocutaneous pigmentations. This 
tumor syndrome is caused by germline mutations of the serine/threonine kinase 
11 (STK11/LKB1). Patients suffering from PJS have a 132 - fold increased risk of 
the development of PC, and a life - time risk of 36%  [11, 12]   

  20.3.3 
 Hereditary Breast and Ovarian Cancer 

  Hereditary breast and ovarian cancer  ( HBOC ) is mainly caused by mutations of 
the  BRCA1  and  BRCA2  genes (see Chapters  11  and  12    ).  BRCA1  mutation carriers 
from HBOC kindreds have a signifi cantly increased risk of developing PC of 2.26 
 [13] . Larger studies for the development of PC of  BRCA2  mutation carriers in 
HBOC kindreds are still lacking, but an increased risk of 2.2 was estimated by a 
smaller study  [14] . Furthermore, this study also revealed an elevated risk for colon, 
stomach, and prostate cancer, which was associated with mutations within the 
 ovarian cancer cluster region  ( OCCR ).  

  20.3.4 
 Hereditary Nonpolyposis Colon Cancer and Familial Adenomatous Polyposis 

  Hereditary nonpolyposis colon cancer  ( HPNCC ) is caused by mutations in the 
mismatch repair gene (MMR) complex, including  hMSH2  and  hMLH1   [15]  (see 
also Chapter  17  on Lynch syndrome (HNPCC)). As reported by a Finnish study, 
approximately 1% of MMR mutation carriers developed PC  [16] . The estimated 
cumulated risk of HNPCC patients to develop PC is thought to be less than 
5%  [17] . 

 Familial adenomatous polyposis is an autosomal dominant inherited disease 
leading to the development of hundreds of adenomatous polyps and is caused by a 
germline mutation in the  APC  gene (see Chapter  16  on gastrointestinal polyposis 
syndromes  ). Due to only occasional reports of FAP patients developing PC, a defi ni-
tive link between these two tumor entities cannot be established to date  [18] .  

  20.3.5 
 Ataxia Telangiectasia 

  Ataxia telangiectasia  ( AT ) is an autosomal recessive inherited disease. Its clinical 
presentation consists of cerebellar ataxia in combination with oculocutaneous tel-
angiectasia, and cellular and humoral immune defi ciencies. AT is caused by 
germline mutations in the  ATM  gene, and leads to a low risk of PC development 
 [19] .  
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  20.3.6 
 Pancreatic Cancer and Basal Cell Carcinoma 

 The combined occurrence of PC and basal cell carcinoma of the skin in a subset 
of families has led to the suggestion that this might represent a rare new tumor 
syndrome, but further studies are needed to confi rm this and the underlying gene 
defect  [20] .   

  20.4 
 Hereditary Pancreatitis and Cystic Fibrosis 

 HP is an autosomal dominant inherited disease characterized by recurrent epi-
sodes of acute pancreatitis with a progression to chronic pancreatitis and an early 
onset of the disease, often in childhood or adolescence. In approximately 70% of 
all cases, mutations in the protease serine 1 (PRSS1) were identifi ed  [21] . Muta-
tions in this gene lead towards a disruption of the inactivation of trypsin, thus 
resulting in an intra - azinous activation of the zymogen cascade. The following 
autodigestion of the pancreas leads to episodes of acute and chronic pancreatitis, 
and embodies a long - term stimulus for the development of PC, due to persistent 
pancreatic injury. 

 Several families exhibited mutations in the  serine protease inhibitor Kazal 1  
gene ( SPINK1 ) associated with HP, which serves only as a modifi er gene  [22] . 

 Patients suffering from HP have a relative risk of 100% and a life - time risk of 
44% to develop PC to the age of 70 years  [23, 24] . Interestingly, inheritance of the 
disease from the paternal side and cigarette smoking further increase that risk 
 [49] . 

 CF is a common life - shortening inherited disorder, caused by mutations in the 
 cystic fi brosis transmembrane regulator  ( CFTR ) gene, leading to a disruption of 
the  cyclic adenosine monophosphate  ( cAMP ) - mediated chloride channel and thus 
leading to obstruction of ducts in several organs, including the pancreas, by 
mucous secretions. Several studies indicate an association of CF and PC, though 
these studies reveal signifi cant differences in their results, ranging from a 2.6 -  to 
a 32 - fold risk of the development of PC  [25, 26] .  

  20.5 
 Familial Pancreatic Cancer 

 As the previous section mainly focused on hereditary syndromes that also reveal 
a predisposition to PC, this section will address the heterogeneous group of 
families with at least two fi rst - degree relatives with PC that do not fulfi l the 
criteria of other tumor syndromes. The term FPC is not only used by most scien-
tists and physicians when dealing with this distinct syndrome, but also by some 
groups for families with three or more members of any degree affected with 
PC  [27] . 



 The fi rst larger systematic study was published by Lynch and colleagues in 1989. 
In the aftermath, international and national tumor registries (i.e. the  North Ameri-
can National Familial Pancreatic Tumor Registry  ( NFPTR ), the German National 
Case Collection of Familial Pancreatic Cancer (FaPaCa), and  European Registry 
of Hereditary Pancreatitis and Familial Pancreatic Cancer  ( EUROPAC ) were 
founded to collect a larger set of data on PC prone families, to characterize the 
clinical phenotype and the underlying genetic mechanisms  [10, 28, 29] . The com-
prehensive and in - depth analysis of FPC families enrolled by these tumor regis-
tries led to a better understanding of this syndrome. As observed in FPC families, 
PC occurs in a vertical pattern, which is consistent with an autosomal dominant 
inheritance. The risk of developing a PC among fi rst - degree relatives of a PC 
patient was determined to be 18 - fold in families with two affected members, 
and 57 - fold in kindreds with three or more affected family members  [30, 31] . 
Furthermore, as estimated by a study performed by the EUROPAC and FaPaCa 
registries investigating 106 FPC families, FPC reveals an anticipation, as patients 
in younger generations died approximately 10 years earlier than their affected 
parents  [32] . 

  20.5.1 
 Genetic Background of Familial Pancreatic Cancer 

 The genetic basis of FPC remains largely unknown. In contrast to other inherited 
tumor syndromes, the progress in identifying the underlying genetic mutations 
(e.g. APC in FAP) and the efforts undertaken to identify the gene defect(s) leading 
to a familial aggregation of PC are still unrewarded. 

 In 2002, Eberle and colleagues reported that in one family with an early onset 
of pancreatic insuffi ciency, diabetes, and PC before the age of 40, the locus 4q32 - 34 
appeared to be linked to this phenotype  [33] . Furthermore, a germline mutation 
in the  palladin  gene, located on 4q32 - 34, was recently discovered in this unique 
Family X, but could not be confi rmed in a larger cohort of FPC families  [34, 35] . 

 Studies investigating mutations of the major tumor suppressor genes known to 
be causing sporadic PC (i.e.  TP 53, CDKN2A, MADH4/DPC4 ) also failed, and no 
inactivating mutations of these genes were found in FPC families  [10, 36] . Fur-
thermore, only a few or no germline mutations were found in other candidate 
genes such as  STK11/LKB1, RNASEL , and  CHEK2   [5, 37, 38] . A subset of minor 
genes ( MAP2K4, ACVR1B/ALK4 , and  ACVR2 ) exhibited no germline mutations 
in FPC kindreds, and the signifi cance of the NOD23020insC remains to be 
elucidated, as it has been detected in 7% of 31 FPC families but also in 3% of 
controls  [36, 39] . Recently, an investigation postulated an association between 
familial cancer, including a few cases of PC, and the polymorphism Trp149X of 
the  ARLTS1  gene, but could not be proven in FPC families  [40] . 

 The only exception to these disappointing analysis efforts is  BRCA2.  This gene 
was fi rst considered to be a major tumor suppressor gene leading to the develop-
ment of sporadic PC, as a homozygous deletion on locus 13q12.3 was observed in 
this tumor entity  [41] . 
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 There are now three studies available addressing the potential link of  BRCA2  
to FPC. First, Murphy and colleagues identifi ed  BRCA2  germline mutations in 5 
(17%) out of 29 families with 3 or more relatives harboring PC  [36] . Noteworthy, 
3 out of these 5 families were of Ashkenazi Jewish descent and revealed the 
6174delT frameshift mutation previously found in sporadic PC in the Ashkenazi 
Jewish population. Hahn and colleagues discovered  BRCA2  germline mutations 
in 4 (15%) out of 26 European families with two or more fi rst - degree relatives with 
confi rmed PC. All families in this particular study were of non - Jewish descent and 
did not reveal the above - mentioned 6174delT frameshift  [42] . Additionally, the 
BRCA2 K3326X alteration was signifi cantly more prevalent in individuals with 
FPC (5.6%) than in controls (1.2%;  P     <    0.01)  [43] . 

 The latest study did not confi rm the high prevalence of  BRCA2  mutations in 
FPC kindreds. Couch and colleagues identifi ed  BRCA2  germline mutations in 10 
(6%) out of 180 families in a multicentric approach  [44] . 

 Overall,  BRCA2  germline mutations are the most frequent inherited genetic 
alteration in FPC discovered to date.  

  20.5.2 
 Current Status of Surveillance and Treatment in  FPC  

 As summarized above, the causative germline mutation leading towards FPC has 
not yet been identifi ed. Therefore, high - risk persons cannot be detected by a single 
mutation analysis, as can be done for inherited tumor syndromes such as FAP, 
for which there are options for screening and prophylactic treatment. 

 The heterogeneity of inherited tumor syndromes associated with a high risk of 
PC requires an in - depth analysis of the family pedigree over at least three genera-
tions, and all cases of PC have to be confi rmed by medical records and histology 
reports. 

 As confi rmed by a consensus conference of experts, high - risk individuals should 
be enrolled in controlled, yearly - based screening programs performed in expert 
centers within multidisciplinary institutional review board – approved protocols 
 [45] . The goal of screening programs is to detect pancreatic precursor lesions 
(PanIN, IPMN, MCN), with an emphasis on detecting carcinoma  in situ  (PanIN 
3), as reliable tests and diagnostic markers are still lacking. High - risk persons 
( ≥ 10 - fold risk) for the development of PC should be screened, and screening 
should start at 40 years of age, or 10 years before the youngest manifestation of 
PC in the distinct family (Table  20.1 ).   

 A few published studies have evaluated surveillance programs in asymptomatic 
but high - risk groups of persons of FPC families. Canto and colleagues screened 
38 high - risk persons from 17 FPC families by employing  endoscopic ultrasound  
( EUS ) and CT, followed by  endoscopic retrograde cholangiopancreatography  
( ERCP ) in case of a suspicious lesion. This study identifi ed lesions in 6 patients, 
and limited pancreatic resections were performed, revealing PC in 1 patient, 
benign serous cystadenoma in 2 patients, one  intraductal papillary mucinous 
tumor  ( IPMT ), and non - neoplastic lesions in 2 patients  [46] . A prospective con-



 Table 20.1     Specifi c risk factors for inherited  PC . 

  Low ( < 5 - fold)    Moderate (5 – 10 - fold)    High ( ≥ 10 - fold)   a     

  Hereditary non - polyposis 
colorectal cancer  

  History of PC in two 
fi rst - degree relatives  

  FAMMM/ MPCS kindreds with p16 
germline mutation and at least one 
case of PC in fi rst - degree or second -
 degree relative  

  Familial adenomatous 
polyposis  

  Cystic fi brosis    Peutz – Jeghers syndrome  

  History of PC in one 
fi rst - degree relative  

  Chronic pancreatitis    Hereditary pancreatitis  

   BRCA1  mutation carrier     BRCA2  mutation carrier     > 3 fi rst - degree, second - degree, or 
third - degree relatives with PC  

  Ashkenazi Jewish descent         BRCA2  mutation carrier with at 
least one fi rst - degree or second -
 degree relative  

     a   Patients that should be enrolled in a surveillance program.   

trolled study of screening EUS and CT followed by ERCP in 78 high - risk individu-
als from FPC kindreds, and 149 control subjects, was performed by the same 
group. Ten percent of the high - risk patients treated by limited pancreatectomy had 
precursor lesions for adenocarcinoma consisting of IPMNs (one with carcinoma 
 in situ )  [47] . The German FaPaCa registry also employs a EUS - based approach 
followed by two MRI with different dyes. To date, 4 patients underwent subtotal 
pancreatic resections, and histology revealed pancreatic lipoma in 1 patient, focal 
fi brosis with PanIN1b lesions in 2 patients, and a ductal epithelial cyst with 
PanIN1b lesion in 1 patient  [48, 49] . 

 It is obvious that surgery is recommended in cases where suspicious lesions 
or pancreatic masses were identifi ed during the screening program. As revealed 
by the aforementioned data, false - positive results can occur in the EUS - based 
surveillance approaches, and therefore every surgical procedure has to be thor-
oughly planned to avoid overtreatment. The current surgical strategy employs 
the resection of the lesion bearing the relevant part of the pancreas, followed 
by frozen section. If examination of the frozen section leads to a diagnosis of 
PC or high - grade PanIN lesions, a total pancreatectomy will be performed, 
otherwise not. A prophylactic pancreatectomy in asymptomatic high - risk indi-
viduals cannot be recommended to date, especially with regard to the signifi cant 
morbidity (e.g. Briddle ’ s diabetes), and the unknown penetrance of the 
disease.   
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  20.6 
 Conclusion 

 Since PC still remains a tumor entity with one of the worst prognoses and yet 
lacks distinct tests for early detection, it is crucial that high - risk persons from PC -
 prone families are enrolled in screening programs at expert centers in a setting of 
a national tumor registry. This, to date, is the only chance for these individuals to 
detect a potential pancreatic mass at an early stage.  
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  In contrast to other tumor entities, such as colon and mamma adenocarcinomas, 
hereditary aspects of malignant liver tumors have only been intensely studied 
within recent decades. Exogenous factors, such as viral hepatitis and food carcino-
gens, are traditionally regarded as hallmarks of liver carcinogenesis. However, the 
individual risk to develop liver cancer due to these factors also depends on a 
number of hereditary factors, such as susceptibility for viral infections and genetic 
variations in metabolizing liver enzymes, such as cytochrome P450 cyclooxoge-
nases. Whereas hereditary aspects of carcinogen activation and detoxifi cation are 
reviewed below, we would like to refer the interested reader to specifi c immu-
nological literature with respect to the infl uence of host genetics on viral in-
fections. 

 In addition, many inherited metabolic diseases signifi cantly enhance the risk of 
liver cancer, and so are described in detail in this respect. They often follow a 
chronic progressive course and are linked to liver fi brosis. The molecular and cel-
lular mechanisms responsible for malignant transformation of hepatocytes and 
biliary epithelial cells are not well understood. However, it appears that exoge-
neous factors also infl uence the cancer risk of inherited liver diseases. 

 Finally, a number of oncogenes and tumor suppressor genes are shown to be 
involved in the development and progression of liver cancer. Therefore, a brief 
description of the involved genes is included at the end of this chapter.      

  21.1 
 Introduction 

 Neoplasms of the liver may arise from any cell type within the liver parenchyma. 
 Hepatocellular carcinoma  ( HCC ) is by far the most common primary malignant 
tumor of the liver in adults (about 90% of all malignant liver tumors) and the 
fi fth most common cancer worldwide, ranging third in cancer - related mortality. 

Summary
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However, the incidence of liver cancer shows striking geographic variations that 
can be explained by differences in the prevalence of viral hepatitis, in particular 
HBV and HCV. Almost any form of chronic liver disease that leads to cirrhosis 
may be complicated by liver cell carcinoma; therefore, cirrhosis should be consid-
ered a precancerous condition, independent of its origin. 

  Cholangiocellular carcinomas  ( CCC , 5 – 10%) exist in three main forms: intrahe-
patic, hilar, and extrahepatic. They are not associated with cirrhosis. Cholangio-
carcinomas represent a rare but signifi cant complication of long - standing ulcerative 
cholangitis, commonly preceded by sclerosing cholangitis. Mixed hepatocellular 
and bile duct carcinomas (combined HCC/CCC, 2%) are rarely seen. Hepatoblas-
toma accounts for approximately 5% of malignancies in childhood. Most hepato-
blastomas are of the categories  “ epithelial ”  or  “ mixed epithelial ”  and  “ mesenchymal ”  
 [1] . Rare primary malignant nonepithelial tumors are angiosarcomas, leiomyosar-
comas, and fi brosarcomas, arising from vascular or mesenchymal tissues within 
the liver, respectively. 

 Primary hereditary tumors of the liver are extremely rare. However, many 
genetic diseases, in particular metabolic disorders, lead to chronic liver disease 
that may in turn give rise to liver carcinoma. In addition, genetic variations have 
a signifi cant infl uence on the incidence and progression of many liver tumors 
induced by exogenous factors such as viral infections (e.g. HBV, HCV) and toxic 
and carcinogenic agents (e.g. afl atoxins, benzopyrenes, vinyl chloride). Finally, a 
large number of somatic mutations in tumor suppressor genes and oncogenes 
have lately been associated with progression and metastasis of liver tumors.  

  21.2 
 Hereditary Diseases Affecting Liver Function and Carcinogenesis 

  21.2.1 
 Hemochromatosis 

  Hemochromatosis  ( HFE ) is an autosomal recessive metabolic disease character-
ized by increased iron uptake that leads to iron overload and fi brosis, primarily of 
the liver but also of other organs, such as heart and skin. The disease has a preva-
lence of about 0.3 to 0.5% in Northern Europe and North America, and is caused 
by mutations of proteins involved in iron resorption and metabolism. Among 
affected homozygotes, primary HCC is responsible for up to one - third of deaths. 
Most common are homozygous defects in the HFE gene (HFE, chromosomal 
location 6p21.3), which encodes an MHC class I related protein (HLA - H) that 
associates with the  transferrin receptor  ( TFR ) and regulates the release of nutri-
ent - resorbed iron from the enterocytes. Further autosomal recessive disorders are 
 juvenile HFE  ( HFE2 ), caused by mutations in  hemojuvelin  ( HJV , 19q13) and 
hepcidin (HAMP, 19q13) as well as  HFE type 3  ( HFE3 ), linked to  TFR 2  mutations 
( TFR2 , 7q22). In contrast,  HFE type 4  ( HFE4 , 2q32) is an autosomal dominant 
disorder caused by mutations of ferroportin (SLC40A1, 2q32). 
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 For successful treatment of HFE, an early diagnosis is important, relying on 
serum ferritin,  transferrin saturation  ( TfSat ) and genetic analysis. Due to its 
strong genetic linkage and high prevalence, HFE is even regarded as a candidate 
for population screening  [2, 3] . Since HFE can easily be treated by iron depletion, 
this therapy constitutes an excellent form of cancer prevention. Iron is an essential 
transition metal that can adopt two different oxidation states (Fe 3+ /Fe 2+ ). It con-
stitutes a redox system with a high capacity to induce oxidative stress and lipid 
peroxidation, leading to membrane damage, organelle dysfunction and, as a result, 
to various degenerative diseases  [4, 5] . Uncomplexed ionic iron is very toxic and 
is therefore bound to the iron binding proteins transferrin and lactoferrin 
with extremely high affi nity. Iron homeostasis is primarily regulated by 
intestinal uptake and not by excretion. The liver, and to a much lesser extent 
the macrophages, serve as iron storage, enabling rapid iron delivery for erythro-
poiesis  [6] . 

 Clinical symptoms rarely occur before the total individuals burden of iron 
exceeds 15   g, as compared with a level below 5   g in healthy humans. This is usually 
the case in affected men during the third to sixth decade, in women several years 
later. Clinical manifestations include hepatomegaly, skin pigmentation, diabetes 
mellitus, hypopituitarism, hypogonadism, impotence, heart failure, liver cirrhosis, 
and HCC  [7, 8] . The frequency of liver cirrhosis is up to 60% and of HCC up to 
5%, as stated at a recent international consensus conference  [9] . Most of the early 
symptoms are nonspecifi c, thus biochemical tests of iron status are important, 
using serum tests for TfSat,  total iron binding capacity  ( TIBC ), and ferritin  [8, 9] . 
In patients with severe iron overload, serum transferrin may be completely satu-
rated with iron. Primary HFE should be suspected in any cases where serum fer-
ritin values exceed 200    μ g/l at TfSat over 50%. In normal healthy subjects,  serum 
TFR  ( sTfR ) increased with decreasing TfSat values below 25%, while in HFE 
patients, increased levels occurred at TfSat levels as high as 50%  [10] . 

 Before the discovery of the HFE gene in 1996  [11] , liver biopsy was often neces-
sary to confi rm the diagnosis. Since over 80% of all HFE patients are homozygous 
for the  C282Y  mutation  [12] , genetic testing has obviated the need for a liver biopsy 
in most cases  [9] . At present, the only available non - invasive method is  magnetic 
resonance imaging  ( MRI ) for 3 - D quantifi cation of body iron deposition  [13, 14] . 
However, it cannot replace liver biopsy with respect to assessing the cellular dis-
tribution pattern of iron. 

 There are a number of conditions in which TfSat should be measured to exclude 
a diagnosis of primary HFE. These include HCC and other chronic parenchymal 
liver diseases, cardiomyopathy and arrhythmias, diabetes mellitus, impotence, 
infertility, amenorrhoea, anterior pituitary failure, arthritis and arthralgia, increased 
skin pigmentation, and porphyria cutanea tarda  [9] . 

 The HFE gene on chromosome 6 encodes a protein of 343 amino acids that 
belongs to the  major histocompatibility  ( MHC ) class I family  [11] . In populations 
of northern European origin, more than 80% of HFE patients have a point 
mutation at nucleotide 845, resulting in a  cysteine - to - tyrosine substitution at 
position 282  ( C282Y ). It is estimated that 40 to 70% of C282Y homoyzogotes 
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will develop clinical evidence of iron overload  [15] . The allele frequency is about 
3 to 5% in central Europe, up to 10% in Northern Europe, and less than 3% 
in the Mediterranean  [16] . In Asian populations (Indian, Chinese), the  C282Y  
mutation is rare or absent  [17] . Another point mutation, leading to a  histidine -
 to - aspartate substitution in position 63  ( H63D ), is more prevalent globally  [18] . 
The average heterozygous carrier frequency of this mutation is 22% in European 
populations  [15] , but its penetrance is much lower than that for the  C282Y  
mutation, leading to clinically apparent HFE in compound heterozygotes only 
(C282Y/H63D). The  C282Y  mutation appears to disrupt the association of the 
HFE protein with the TFR  [19, 20] . Apparently, this interaction is essential for 
the physiological down - regulation of iron absorption when iron stores are full. 
The proposed mechanism is that mutated HFE protein is less able to bind to 
the TFR. This reduced binding increases the affi nity of the TFR for iron - loaded 
transferrin, and thus more iron is transported into the cell  [21] . HFE knockout 
mice develop an iron overload syndrome with clear similarities to human 
primary HFE, providing strong evidence that the HFE protein is directly involved 
in iron homeostasis  [22] . Immunolocalization of the HFE protein in the small 
intestine is limited to cells in deep crypts, indicating that it is involved in the 
regulation of intestinal iron absorption  [23] . 

 Phlebotomy, the metal depletion treatment of choice in primary or secondary 
hemochromatosis  [24] , markedly improves survival and prevents most of the 
complications  [7] . New approaches suggest removing 450 to 500   ml blood once a 
week until serum ferritin is reduced to about 50   mg/l, being followed by one 
venesection every 3 months. Patients with extensive iron deposits or acute liver 
cell damage and increased iron release into the circulation need combined 
treatment with the iron chelator desferrioxamine (Deferoxamine, Desferal, DFOA). 
The acute toxicity of this compound is rather low, and intravenous infusion should 
be given slowly to avoid hypotension. However, continued use induces a wide 
range of side - effects that include ophthalmic and auditory toxicity, changes in 
blood counts, allergic and skin reactions, and pulmonary, renal, and neurological 
effects  [25] . Only 10 to 50   mg iron can be removed by one intravenous treatment, 
corresponding to about 4   g of iron within 1 year upon weekly in - clinic parenteral 
desferrioxamine administrations  [26] . Due to the obvious need to fi nd new effec-
tive chelators for peroral use, experimental and clinical studies are in progress 
 [27, 28] .  

  21.2.2 
 Wilson ’ s Disease 

 Wilson ’ s disease is an autosomal recessive disorder with chronic copper accumula-
tion. The fi rst symptoms become apparent in infancy, mainly in the liver, whereas 
other tissues, such as brain, cornea, and kidneys are affected later, partially owing 
to redistribution from the liver. The copper accumulation is related to impaired 
biliary excretion, which normally regulates the copper balance. The disease 
depends on the homozygous presence of a mutation in the  ATP7B  gene on the 
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long arm of chromosome 13  [29 – 31] , regulating the cellular traffi cking of copper 
 [32] . 

 Wilson ’ s disease is rare, with a prevalence estimated at about 1/30   000 to 1/50   000 
 [33] . However, many cases of atypical psychiatric or hepatic disorders may also be 
caused by undiagnosed Wilson ’ s disease  [34] . The carrier frequency is about 1% 
 [33] . True Wilson ’ s disease usually manifests between 5 and 30 years of age, with 
a variety of hepatic, neurologic, or psychiatric symptoms  [35] . Liver cirrhosis and 
cardiac abnormalities  [36]  are common manifestations. Blocked biliary copper 
excretion, which characterizes the pathogenesis, also occurs in advanced choles-
tatic disease, for example, primary sclerosing cholangitis, but in the latter case the 
role of copper toxicity in disease progression is unclear  [37] . 

 The diagnosis is based on: (i) serum ceruloplasmin below the normal lower 
threshold of 200   mg/l; (ii) substantially increased urinary copper excretion 
( > 100    μ g/24 h, the best single screening test); and (iii) increased copper concentra-
tion in the liver ( > 250    μ g/g dry weight), in the absence of signs of cholestatic liver 
disease  [38] . Characteristic Kayser – Fleischer rings are often present due to copper 
deposits in the cornea  [38] . Genetic screening is not done routinely, but all siblings 
of patients should be examined to identify presymptomatic homozygotes. Because 
Wilson ’ s disease is autosomal recessive and rare, there is a very low probability 
that children of patients are homozygotes. 

 The mutated protein is a copper translocating ATPase located in hepatocytes at 
the  trans  - Golgi network and at the canalicular part of the cell membrane  [30, 32, 
39] . This enzyme (ATP7B) belongs to a large family of P - type ATPases that trans-
port cations across cellular membranes. Malfunction of ATP7B is responsible for 
the defective biliary export of excess copper. Another role of ATP7B is to introduce 
copper into ceruloplasmin for export into the blood  [32] . More than 250 different 
mutations have been described in the  ATP7B  gene, and it is highly likely that the 
large variability in clinical presentation seen in Wilson ’ s disease is at least partly 
due to variability in the type and severity of gene disruption caused by the different 
mutations  [40] . 

 Strict low copper diets are no longer advised, but intake of liver and shellfi sh 
should be reduced. Drinking water may need to be tested for copper  [38] . Success-
ful treatment has been possible since 1956, when Walshe introduced the chelator 
 D - penicillamine  ( DPA ) to enhance copper excretion in affected patients  [41] . The 
toxicity of oral and parenteral DPA is low, but its clinical use is limited because 
of side - effects such as hypersensitivity, bone marrow suppression, nephrotic syn-
drome, and various autoimmune reactions. The intestinal absorption of DPA is 
about 50%. The volume of distribution is close to that of extracellular water, and 
a major part of a systemic dose forms mixed disulfi des with serum albumin. The 
metabolism is insignifi cant, and most of a systemic dose is rapidly excreted in the 
urine, as free DPA or the oxidized dimer  [42, 43] . 

 Since 1973, triethylene tetramine (trientine, trien, TETA) has been increasingly 
used clinically, and is now the drug of choice in the Western world  [44, 45] . The 
normal administration route for TETA is oral, but the absorption is limited  [46] . 
Only about 1% of an oral dose is recovered as free TETA in the urine, most of 
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it being excreted as an acetylated conjugate identifi ed as 1 - acetyl - TETA. The rec-
ommended dose for Wilson ’ s disease patients is 0.75 to 2.0   g/day. Based on 
long - term experience, TETA is remarkably free of side - effects compared to DPA 
 [47] . When given as the initial treatment, the TETA dose has been 250   mg, 4 to 
6 times daily. The maintenance dose, 1   g daily to adults or 0.5   g to children, 
appears to be equivalent to penicillamine in halting the progression of the disease 
 [34, 48] . 

 In China, hundreds of patients have been treated with oral  dimercaptosuccinic 
acid  ( DMSA ) over the past 30 years, resulting in clinical improvement and increased 
urinary copper excretion  [49] . 

 Zinc is being strongly advocated by some groups as an alternative to chelation 
therapy  [38, 50, 51] . Zinc acts by inducing hepatic metallothionein production, 
which sequesters copper into a nontoxic pool  [52] . Compared to penicillamine, 
zinc has very low toxicity, and the only signifi cant side - effect seems to be gastric 
discomfort in 10% of patients  [35] . 

 Wilson ’ s disease depends on an  ATP7B  mutant on chromosome 13. Because 
successful treatment is available, early diagnosis is crucial using copper mea-
surements in urine and liver biopsies. Treatment regimens involve chelation 
with TETA or penicillamine. Future research in these treatment regimens is 
justifi ed.  

  21.2.3 
 Alpha 1 - Antitrypsin Defi ciency 

  Alpha - 1 - antitrypsin  ( AAT , PI1) is a serum protein encoded by the PI gene on 
chromosome 14q32.1. It is responsible for inhibiting trypsin and other proteases. 
Reduced AAT serum levels are associated with emphysema and liver disease. AAT 
is primarily produced by the liver and by macrophages  [53] , and released as a 
soluble protein into the blood stream. It is easily quantifi ed by standard laboratory 
tests and serves as an acute phase marker. A large number of allelic variants 
have initially been described according to their differences in electrophoretic 
mobility  [54] . 

 The most common alleles and their frequency are: PI M1A: 0.20 – 0.23, PI M1V 
(A213V): 0.44 – 0.49, PI M2 (R101H): 0.10 – 0.11, PI M3 (E376D): 0.14 – 0.19, PI S 
(A213V  &  E264V): 0.02 – 0.04, and PI Z (E342K): 0.01 – 0.02. In addition, a number 
of null alleles result from frameshift mutations and large deletions. To date, 40 
different alleles have been described in total. All M alleles are associated with a 
normal phenotype, and therefore usually not further differentiated. The Z allele 
is the major disease allele causing an accumulation of the protein in the endoplas-
matic reticulum with only 15% released from the hepatocytes. The S allele results 
in a protein that is intracellularly degraded prior to secretion  [55] . It is causing a 
mildly increased risk in combination with a Z or a null allele (with compound 
heterozygosity). 

 Already in the 1990s, it became clear that AAT defi ciency may lead to severe 
medical problems. Complete absence of AAT was found to be associated with 
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degenerative lung disease causing death at middle age  [56] , and identifi ed as an 
inherited disease  [57] . A little later, homozygous AAT defi ciency (PI ZZ) was also 
described to cause familial infantile liver cirrhosis  [58] . This was attributed by 
Udall  et al .  [59]  to the obvious lack of protease inhibitors to counteract the effects 
of luminal proteases crossing the intestinal barrier in the neonate. The proposed 
mechanism was supported by the fi nding of Lake - Bakaar and Dooley  [60]  that AAT 
is also an important proteolytic inhibitor in the bile. 

 It is now accepted that the PI Z and the rare PI Malton mutation are associated 
with both emphysema and liver disease. In contrast, the PI S and some rare muta-
tions are defi ciency mutations that cause only an increased risk of emphysema. 
The same holds true for the null mutations  [61] . 

 It is assumed that liver injury and fi nally malignant transformation result from 
toxic effects of the mutant AAT molecule accumulating within the endoplasmic 
reticulum of hepatocytes. However, since only less than 15% of PI ZZ homozy-
gous patients develop liver disease, it was proposed that other genetic and poten-
tially exogenous factors, such as infl ammation, are modulating the intracellular 
degradation of the abnormal AAT and thus its pathogenic effect.  [62] . The underly-
ing mechanism of AAT protein aggregation in the endoplasmic reticulum has 
been described in detail by Lomas  et al .  [63] . In 1987, Rakela reported that the 
mean age when liver disease became symptomatic, was 58 years for the ZZ 
phenotype, 66 years for the SZ phenotype, and 73 years for the MZ phenotype. 
Additional risk factors are male gender and obesity  [64] . 

 Heterozygosity of the PI Z allele was also found to be associated with liver 
disease in a large study based on 1055 liver biopsies. The prevalence of phenotype 
Pi MZ in the whole group was only 2.4%, but much higher in samples with liver 
cirrhosis (9%), and cryptogenic cirrhosis as well as chronic active hepatitis were 
21%. The prognosis of the Pi MZ cirrhotic patients was poor; most died within 
one year  [65] . The heterozygous phenotype is more prevalent in patients with 
hepatitis C, alcoholic liver disease, cryptogenic cirrhosis, and HCC  [66, 67] . 

 An association of non - M phenotypes with HCC was already described by Fargion 
 et al .  [68] . However, this risk and the risk of cirrhosis is only linked to the PI Z 
allele and not to PI null alleles, indicating that the intracellular accumulation of 
the mutated protein is responsible for this association. In a study with 317 patients 
with HCC, 6% had hepatic PI Z deposits (control group: 1.8%). In heterozygous 
AAT defi ciency, HCC also develop in noncirrhotic livers and can be characterized 
by cholangiocellular differentiation. Bile duct lesions can frequently be found, 
which refl ects a predisposition for the liver tissue for developing tumors with 
cholangiolar differentiation in AAT defi ciency  [69, 70] . 

 An inherited defi ciency of functional AAT in the plasma may be treated by 
weekly intravenous infusion of purifi ed AAT, which can reverse the biochemical 
abnormalities in serum and lung fl uid  [71] . Since the combination of AAT defi -
ciency and cigarette smoking increases signifi cantly the risk to develop emphy-
sema, the patients should be advised to avoid smoking throughout their life. 
However, the AAT supplementation therapy is expensive (30   000 – 66   000 US $  per 
year) and is not able to prevent the intracellular polymerization and accumulation 



 362  21 Liver Tumors

of AAT in carrers of the Z - alleles  [72] . The latter could potentially be treated with 
peptides that block the polymerization of the mutant protein  [73, 74] . In addition, 
gene therapies have also been discussed to treat AAT defi ciency  [75 – 78] . The 
most defi nitive therapy is liver transplantation, which is used in end - stage liver 
disease and grants acquisition of the donor phenotype, a rise in serum levels of 
AAT, and prevention of associated diseases  [79] .  

  21.2.4 
 Cystic Fibrosis 

  Cystic fi brosis  ( CF , Mucoviscidosis) is one of the most common recessive human 
genetic diseases with an incidence between 1   :   2400 and 1   :   39   000, depending on 
the ethnic origin  [80] . It is caused by mutations in the CFTR gene (chromosomal 
location 7q31.3 - q32), which encodes a chloride ion channel expressed in lung, 
pancreas, skin, and other tissues. The most common mutation is a deletion of 
phenylalanine 508 (delta - F508), which is found in about 75% of all CF patients 
 [81] . In The Netherlands, the delta - F508 mutation has an allele frequency of about 
1.6%  [82] . The delta - F508 CFTR mutation results in the production of a misfolded 
CFTR protein that is retained in the endoplasmic reticulum and targeted for 
degradation. 

 Manifestations of CF relate not only to the disruption of the exocrine function 
of the pancreas but also to intestinal glands, the biliary tree, bronchial glands, and 
sweat glands. Gaskin  et al .  [83]  found that 96% of patients with CF and evidence 
of liver disease had biliary tract obstruction, usually a stricture of the distal common 
bile duct. Bilton  et al .  [84]  described a case of CF complicated by common bile duct 
stenosis. 

 Gabolde  et al .  [85]  showed that the presence of cirrhosis in patients with CF 
is signifi cantly associated with either homozygous or compound heterozygous 
mutations in the  MBL2  gene, which encodes  mannose - binding lectin  ( MBL ). 
Gabolde  et al . compared 216 patients homozygous for the delta - F508 mutation and 
found that 5.4% of those homozygous or compound heterozygous for wildtype 
MBL had cirrhosis, while 30.8% of those homozygous or compound heterozygous 
for mutant alleles had cirrhosis ( p   =    0.008).  

  21.2.5 
 Galactosemia 

 Patients suffering from galactosemia can present with hepatomegaly, icterus, cata-
racts,  E. coli  sepsis, failure to thrive, mental retardation, and urinary excretion of 
albumin and sugar  [86] . Jaundice of intrinsic liver disease may be accentuated by 
severe hemolysis, and hemorrhagic diathesis may count for the onset of primary 
liver carcinoma  [87] . 

 Elsas  [88]  stated that more than 130 mutations in the  GALT  gene had been 
associated with GALT defi ciency. Two common mutations, Q188R and K285N, 
accounted for more than 70% of galactosemia - producing alleles in the white 
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population and were associated with classic galactosemia and impaired GALT 
function. Most patients are compound heterozygotes rather than true molecular 
homozygotes. Cramer  et al .  [89]  hypothesized that women with galactosemia may 
be at increased risk of ovarian cancer, on the basis of a relationship between the 
N314D polymorphism and reduced GALT activity. Homozygosity for N314D is 
linked to a 4 - fold increase in risk for all types of ovarian cancer and a 14 - fold 
increase for endometrioid and clear cell ovarian cancer. Suzuki  et al .  [90]  estimated 
that the birth incidence of classic galactosemia is 1 per 47   000 in the white 
population.  

  21.2.6 
 Fructosemia 

 Most cases of fructosemia are severely ill infants with recurrent hypoglycemia and 
vomiting, occurring at the time of weaning, when fructose or sucrose is added to 
the diet, resulting in marked malnutrition. Nordmann  et al .  [91]  studied the immu-
nologic and kinetic properties of the liver and suggested that a mutation of the 
structural gene is responsible for the abnormal fructose - 1 - phosphate aldolase 
activity in fructosemia. Since aldolase B is normally present in kidney and intesti-
nal mucosa as well as in liver, Cox  et al .  [92]  were able to detect heterozygotes by 
intestinal biopsy. Since children born by women with fructose intolerance may 
suffer from pulmonary edema, cirrhosis, and failure to thrive  [93] , a strict fructose -
 free diet is strongly advised during pregnancy.  

  21.2.7 
 Tyrosinemia 

 Lelong  et al .  [94]  observed children with cirrhosis, renotubular syndrome, and 
increased plasma tyrosine. Malignant changes developed in the liver, and death 
from pulmonary metastases occurred. The disease was attributed to defects of FAH 
(fumaryl acetoacetate hydrolase), an enzyme involved with tyrosine metabolism. 

 In stage I of tyrosinemia, infants exhibit hepatic necrosis and hypermethionin-
emia. In stage II, nodular cirrhosis and chronic hepatic insuffi ciency are observed, 
and in stage III renal tubular damage. Low tyrosine diet arrests progression of the 
disease  [95] . It had been postulated that the severe liver damage in tyrosinemia is 
the result of defective degradation of tyrosine. Hostetter  et al .  [96]  showed, however, 
that liver damage is prenatal in onset, and that hypertyrosinemia developed only 
postnatally. 

 Holme  et al .  [97]  demonstrated the feasibility of enzymatic diagnosis in chorionic 
villus material. They proposed enzyme determination in erythrocytes for rapid 
diagnosis and suggested that enzyme replacement by blood transfusion avoid acute 
metabolic crises  [98, 99] . Dehner  et al .  [100]  concluded that a liver replacement is 
necessary before the age of 2 years to preclude HCC. Liver transplantation is seen 
as the only defi nitive therapy for both the metabolic and the oncologic problem in 
this disorder  [101] , and should be performed at an early stage  [102] . 
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 De Braekeleer and Larochelle  [103]  estimated the prevalence of hereditary tyro-
sinemia at birth to 1   :   1846 and a carrier rate of 5% in the Saguenay - Lac Saint Jean 
region. Grompe  et al .  [104]  found that 100% of patients from the Saguenay - Lac St. 
Jean region of Quebec and 28% of patients from other regions of the world carry 
a splice donor site mutation in intron 12. As described by Russo and O ’ Regan 
 [105] , HCC was detected in 25% of the patients undergoing liver transplantation. 
Whereas more than 60% of the patients without liver transplantation died, 80% 
of the transplanted patients postoperatively had normal liver function, normal 
growth, and no recurrence of neurologic crises on a normal diet.  

  21.2.8 
 Glycogen Storage Disease 

  Glycogen storage disease  ( GSD ) is caused by defects in the enzyme glucose - 
6 - phosphatase. The liver and kidney are involved, and hypoglycemia is a major 
problem. Lipidemia also occurs and may lead to xanthoma formation. Survival to 
adulthood, previously rare, is now common. Hyperuricemia can be observed as 
well as gout. Liver adenomas are often present  [106]  and may undergo malignant 
transformation  [107] . Stevenson  et al .  [108]  and Burchell  et al .  [109]  described HCC 
developing with GSD. Hepatoblastomas have been described in siblings  [110 – 112] , 
and have been found in association with Wilms tumor, polyposis coli, and the 
 Beckwith – Wiedemann Syndrome  ( BWS ) (see respective chapters in this book  ). 
Especially patients with BWS are at an increased risk of developing certain types 
of cancer. However, little is known about the cancer risk to a specifi c individual 
or how the genetic change are related. In over 95% of the cases, hepatomegaly and 
over 25% adenomas are detected, with elevated blood cholesterol concentration, 
triglycerides, and blood uric acid concentrations  [113] . Bianchi  [114]  found 50 
published cases of hepatocellular adenoma in GSD and 10 cases of HCC. In a 
multicenter study in the United States and Canada, Talente  et al .  [115]  reviewed 
data from 42 adult patients with GSD. Clinical signs included short stature (90%), 
hepatomegaly (100%), hepatic adenomas (75%), increased alkaline phosphatase 
(61%) and gamma - glutamyltransferase (93%) activities, as well as increased serum 
cholesterol (76%) and triglyceride (100%) levels. Faivre  et al .  [116]  reported 3 
patients with GSD in whom liver transplantation was performed at 15, 17, and 23 
years of age because of multiple hepatic adenomas with a fear of malignant 
transformation.  

  21.2.9 
 Beckwith – Wiedemann Syndrome 

 Patients with BWS are at increased risk of developing specifi c tumors, caused 
primarily by mutation in the chromosome 11p15.5 region (p57 (K1P2) and others). 
The cardinal features of this disorder are exomphalos, macroglossia, and gigan-
tism in the neonate. Visceromegaly, adrenocortical cytomegaly, and dysplasia of 
the renal medulla are conspicuous features. Adrenal carcinoma, hepatoblastoma, 
and rhabdomyosarcoma occur with increased frequency  [117] . 
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 Inheritance is autosomal dominant with variable expressivity, contiguous gene 
duplication at 11p15, and genomic imprinting resulting from a defective or absent 
copy of the maternally derived gene. Koufos  et al .  [118]  discussed whether a pleio-
tropic mutation at 11p15.5 or a variety of allelic mutations at 11p15.5 underlie the 
pathogenesis of BWS and of the related tumors and whether these diseases may 
alternatively be due to defects at closely linked but separate loci. An unbalanced 
dosage of maternal and paternal alleles may be the common factor in the different 
etiologic forms of BWS and associated tumors  [119] . 

 Diagnosis is based on clinical fi ndings. A careful cytogenetic analysis of the 
11p15 region is recommended. Prenatal diagnosis by ultrasonography is possible 
 [120 – 122] . Adrenal carcinoma, nephroblastoma, hepatoblastoma, and rhabdomyo-
sarcoma occur with increased frequency, and justify biannual abdominal ultra-
sound examinations  [123] . DeBaun and Tucker  [124]  studied 183 children with 
BWS. Thirteen children (7.1%) were identifi ed with cancers before the fourth year 
of life, and the relative risk for hepatoblastoma was 2280.  

  21.2.10 
  FAP  (Familial Adenomatous Polyposis) 

  Familial adenomatous polyposis  ( FAP ) is an autosomal dominant disorder which 
typically presents with colorectal cancer in early adult life, secondary to extensive 
adenomatous polyps of the colon (see respective Chapter  16  on gastrointestinal 
polyposis syndromes). Polyps also develop in the upper gastrointestinal tract and 
malignancies may occur in other sites including the liver  [125, 126] . Several groups 
noted the association of hepatoblastoma with polyposis coli  [127 – 129] . An empiric 
risk of less than 1% for hepatoblastoma can be attributed to persons with FAP for 
their children  [130] . Somatic mutations and  loss of heterozygosity  ( LOH ) were 
observed in over 50% of hepatoblastomas from patients without FAP  [131] .  

  21.2.11 
 Alagille Syndrome 

 Alagille syndrome is caused by mutations in the  Jagged - 1 gene  (  JAG1  ). In addition 
to neonatal jaundice caused by a reduction of intrahepatic bile ducts, several 
organs including the eyes, heart, bones, and nervous system, are affected  [132] . 

 HCC has been reported in children with Alagille syndrome  [133 – 135]  and in an 
adult with Alagille syndrome without cirrhosis  [136] . Legius  et al .  [137]  speculated 
that LOH for a cell cycle - regulating gene rather than underlying chronic liver 
disease may be the explanation of liver carcinoma. In a 19 - year - old woman with 
Alagille syndrome, diagnosed at the age of 8 years, Kato  et al .  [138]  described papil-
lary thyroid carcinoma with multiple lung metastases. They reviewed 12 reported 
cases of HCC. Development of carcinoma was as early as at age 2 years and as 
late as at age 48 years. 

 Alagille syndrome is one of the major forms of chronic liver disease in childhood 
with severe morbidity and a mortality of 10 to 20%. Lykavieris  et al .  [139]  reviewed 
the clinical outcome of 163 French children with Alagille syndrome. Overall, the 
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prognosis was found to be worse in children presenting with neonatal cholestatic 
jaundice, nevertheless severe complications were possible, even after late - onset 
liver disease. Liver biopsy demonstrates multiple branches of the hepatic artery 
and portal vein in the portal tract without any accompanying bile ducts  [140] .   

  21.3 
 Liver Carcinogens 

 A number of chemicals such as afl atoxins, benzopyrenes, and PCBs, are known 
to induce liver carcinoma. Recently it has been found that polymorphisms in 
enzymes responsible for metabolizing these carcinogens in the liver modulate the 
risk of HCC in exposed patients. 

 The best studied hepatic carcinogen,  afl atoxin B1  ( AFB1 ), which is synthesized 
by certain  Aspergillus  strains, is metabolized in the liver by at least four different 
cytochrome P450 cyclooxogenases: 3A4, 1A2, 3A5, and 3A7  [141, 142] . Whereas 
P450 3A4 detoxifi es AFB1 to AFQ 1 , P450 1A2, P450 3A5, and P450 3A7 convert 
AFB1 to other toxic isoforms, AFM1 and AFBO, respectively  [143, 144] . The 
hepatic expression of these cytochrome cyclooxogenases varies signifi cantly inter-
individually, due to common polymorphisms as well as enzyme induction by other 
compounds (e.g. drugs, chemicals, food compounds, etc.). In a recent analysis, 
Kamdem  et al .  [145]  found a 12 - fold interindividual variability in the production 
rate of the carcinogenic AFBO, and a 22 - fold variability in the production rate of 
the detoxifi cation product AFQ1. They attributed this variation predominantly to 
gene polymorphisms of cytochrome P450 3A5. 

 A polymorphism in the  glutathione - S - transferase M1  ( GSTM1  - nul), which leads 
to a complete absence of the enzyme in the homozygous form, has been found to 
be signifi cantly associated with the risk of HCC in chronic HBV carriers exposed 
to afl atoxin  [146] , and in liver transplanted patients when including XRCC1 (see 
below) in a multivariate analysis  [147] .  

  21.4 
 Cancer Genetics 

 Cancer research has revealed many key steps responsible on the molecular level 
for oncogenic cellular transformation. Many of the genes involved are participating 
in cell cycle control (Rb, E2F, etc.), intracellular signal transduction (tyrosine 
kinases, SOCS,  β  - catenin, APC, axin, etc.), transcriptional control (TCFs, HNFs, 
etc.), DNA methylation, and DNA repair. Oncogene activating or tumor suppres-
sor gene inactivating mutations are usually acquired stepwise during malignant 
transformation but may also be present in the germline leading to an increased 
risk for certain malignancies (see Chapters  1 ,  2 ,  16 ,  30  and others  ). In addition to 
point mutations, also LOH and changes in methylation pattern are frequently 
observed in cancer cells. 



 In principle, similar genetic alterations are observed in HCC as in other malig-
nancies. However, point mutations common to other carcinomas are often not as 
frequent in HCC. Mutations in the  retinoblastoma  ( Rb ) gene (see Chapter  7  on 
retinoblastoma), for example, have only been identifi ed in a few cases of HCC 
 [148] , suggesting that this important tumor suppressor gene may be inactivated 
in HCC by other mechanisms, such as changes in methylation, or deletion of the 
chromosomal region (13q14) carrying this gene  [149] . A complete loss of chromo-
some 13 has been found in about 30% of HCC (Laurent - Puig  et al . [151], support-
ing this view. Similarly, inactivating mutations are also rare for p16INK4.  [150] . 
On the other hand, LOH of the genomic region of p16INK4 on chromosome 9 is 
found in about 20% of HCC  [151] , and methylation of the p16INK4. promoter, 
abolishing protein expression, in up to 70% of HCC  [150, 152] . Gankyrin, which 
accelerates the degradation of Rb, was overexpressed in all of 34 HCC, analyzed 
by  [153] , emphasizing the importance of Rb in HCC oncogenesis. 

 The tumor suppressor gene  p53 , which is essential for inducing apoptosis fol-
lowing chromosomal damage, was mutated in only 10 to 30% of HCC that had 
developed without any documented contact with afl atoxin. In contrast, the rate of 
the common inactivating R249S mutation alone rose to 50% of HCC resulting 
from exposure to this potent mutagenic carcinogen  [154, 155] . 

 In many adenocarcinomas, proteins involved in the mitogenic Wnt signaling 
pathway are mutated, in particular  β  - catenin (CTNNB1),  adenomatous polyposis 
coli  ( APC ), and  Axin1  ( AXIN1 ) (see also Chapter  16  on gastrointestinal polyposis 
syndromes). In over 40% of HCC, mutations of  β  - catenin were identifi ed that lead 
to a decreased degradation and thus to an increased transcription of TCF/LEF 
dependent genes  [151, 156 – 158] . For Axin, inactivation by point mutations, LOH 
or homozygous deletion was observed for only 5 to 8% of HCC  [151, 159] . In con-
trast to other adenocarcinomas, no mutations have yet been observed for APC in 
HCC  [160] . The  transforming growth factor  β   ( TGF β  ) signaling pathway is also 
affected in HCC. Point mutations in the  insulin growth factor 2 receptor  ( IGF2R ) 
were identifi ed in 10 to 20% of the cases, and some rare mutations in  Smad2  and 
 Smad4  genes. The promoter of the  suppressor of cytokine signaling 1  ( SOCS - 1 ) 
was found to be silenced by an aberrant methylation in 65% of HCC  [161] . Since 
SOCS - 1 interact with Janus kinase (JAK), an antimitotic factor proliferation is 
induced. 

 A hallmark of HCC appears to be chromosomal instability, leading to common 
deletions of chromosomal fragments carrying tumor suppressor genes, thus 
causing LOH  [151, 162, 163] . 

 Yan  et al .  [164]  recently described that common polymorphisms in the  methy-
lenetetrahydrofolate reductase  ( MTHFR ) and  thymidylate synthase  ( TYMS ) genes 
infl uence the risk of HCC due to their modulation of uracil misincorporation into 
DNA. In addition, a polymorphism in the  X - ray cross complementing group 1  
( XRCC1 ) gene was linked to HCC, potentially due to its function in DNA repair 
 [147]  (see also Chapters  10  and  30  on lung tumors and molecular targeted therapy). 
Epigenetic effects induced by chronic iron overload due to hereditary HFE also 
appear to be involved in malignant transformation of liver cells  [165] .  
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  A peculiarity of the lymphatic system is its high rate of somatic recombination 
with associated hypermutability. In this process, DNA  double - strand breaks  ( DSB ) 
are generated and processed, whereby the genes responsible are often also 
involved in general DSB repair. Germline mutations in these genes are respon-
sible for a particularly high risk for lymphoma. Genetic disorders such as  ataxia -
 telangiectasia  ( A - T ) and  Nijmegen Breakage Syndrome  ( NBS ), together with the 
characteristic somatic mutations discovered in sporadic lymphoma, have made 
major contributions to the understanding of DNA repair defects and carcinogen-
esis in general.      

  22.1 
 Introduction 

 Cells of the lymphatic system differ from all other cells in their hypermutability, 
due to the extreme degree of somatic recombination of the immunoglobulin and 
T - cell receptor genes necessary for the vast repertoire of antibodies and T - cell 
receptors. In the course of this somatic recombination, DNA -  double - strand breaks  
( DSB ) are induced and  “ repaired ” . The genes involved are also involved in general 
repair of DSBs, which leads to two signifi cant facts: First, germline mutations in 
these DNA repair genes can be expected to be associated with a particularly high 
risk for lymphoma. The human genetic disorder,  Nijmegen Breakage Syndrome  
( NBS ), is an example of this. Approximately 30% of affected individuals develop 
lymphoma before 15 years of age. Second, the high rate of spontaneous mutations 
in lymphoid cells explains the high frequency of lymphoid malignancy, 6 to 10% 
of all neoplasia, with the tendency rising. 

 Furthermore, lymphoma serves as a model for the relationship of chromosome 
aberrations and cancer in general. It was a scientifi c breakthrough in the fi eld of 
tumor genetics when, in October 1982, two research laboratories independently 

Summary
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demonstrated the nature of the characteristic translocations between chromo-
somes 8 and chromosome 2, 14 or 22, as seen in Burkitt lymphoma. It was found 
that the translocations always involved the same breakpoints and brought  c - myc,  
a proto - oncogene at chromosome 8, into the vicinity of the particularly active genes 
for the heavy or light chains of the immunoglobulin genes on chromosomes 14, 
2, and 22, respectively. The translocation leads to an elevated expression of the  c -
 myc  gene and so an early step towards tumor induction. For the fi rst time in can-
cerogenesis, the relationship between a structural chromosome aberration and the 
expression of an affected gene could be established. 

 The natural hypermutability of lymphatic cells manifests as genomic instability 
in all cells from individuals with DNA repair defects, who all have a high 
cancer risk. In each case, the clinical phenotype and major cancer type refl ect 
the particular repair process affected. In addition, many tumors are characterized 
by chromosome instability due to somatic mutations. In both cases, a large number 
of genetically unique cells are generated from which those capable of continual 
proliferation will be selected. Mutation and selection are the driving forces of 
cancerogenesis. In this review (based on an article published previously in German 
 [1]) , we consider the role of the DNA repair genes in this process, particularly as 
evidenced by the lymphomas.  

  22.2 
  DNA  Repair 

 DNA is the only macromolecule which, when damaged, is repaired rather 
than replaced; indeed, this is a prerequisite for life itself. The enormous 
importance of DNA repair is made particularly clear by a consideration of 
how many different lesions occur every day in the cell nucleus (Figure  22.1 ). 
Not surprisingly, DNA repair processes are evolutionarily very old. The dif-
ferences in DNA lesions are paralleled by variations in the repair processes. 
They can be grouped into fi ve categories, although the delineation is less 
precise than often thought.    

  22.3 
 Base Excision Repair ( BER ) 

 This pathway is particularly involved in the repair of oxidative damage to DNA 
bases, but also plays a role in the replacement of defective nucleotides and 
repair of DNA single - strand breaks. In each case, the intact complementary 
strand serves as a template for DNA re - synthesis. Polymorphisms in genes 
involved in the BER pathway can have an infl uence on tumorigenesis. Patho-
logical mutations have so far been found only in the glycosylase gene,  MYH  
(Table  22.1 ).    



  22.4 
 Nucleotide Excision Repair ( NER ) 

 This is the pathway responsible for the repair of the majority of large lesions, 
which distort the DNA structure, for example, thymine dimers. Mutations in many 
of the involved genes lead to the disorder Xeroderma pigmentosum, in which 
patients have an extremely high skin tumor risk (Table  22.1 ). Mutations in the 
genes for transcription coupled repair are responsible for Cockayne syndrome and 
Trichothiodystrophy, which do not have an elevated cancer risk. Nevertheless, the 
expression of these genes ( XPD, ERCC1 ) may be altered in tumors and thus infl u-
ence their response to cytostatic therapy (see Chapter  30  on molecular targeted 
therapy).  

  22.5 
 Mismatch Repair ( MMR ) 

 Immediately after DNA replication, incorrectly incorporated bases are corrected 
by so - called mismatch repair. Germline mutations in the genes involved in 

    Figure 22.1     Spontaneously occurring DNA lesions and their 
frequency per cell and day. Exogenous poisons can lead to 
immense increases in DNA lesions (after  [1] ).  
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this pathway lead to an extremely increased risk for colon cancer in the disease, 
hereditary non - polyposis colorectal cancer (see Chapter  17  on Lynch syndrome 
(HNPCC)).  

  22.6 
 Reversion Repair ( RER ) 

 Modifi ed bases are repaired by this pathway in a single reaction step. Mutations 
have not yet been described in any of the involved genes; however, methylation of 
the  MGMT  promoter is a predictive indicator for the response of gliomas to 
therapy with alkylating agents.  

 Table 22.1      DNA  repair genes and genetic diseases with  DNA  
repair defects and increased cancer risk. 

  Repair 
pathway  

  Number of 
genes involved  

  Mutations in DNA repair genes leading 
to increased cancer risk  

  Sensitivity towards 
mutagens  

  BER     ∼ 20     MYH  ( colon cancer );  ADPRT, APE1, 
OGG1, XRCC1  (so far only 
polymorphism)  

  Ionizing radiation; 
DNA mono - adducts  

  NER     ∼ 30     ERCC1; XPA, XPB, XPC, XPD, XPE, 
XPF, XPG  (Xeroderma pigmentosum)  

  UV - light; DNA 
mono - adducts  

  MMR    11     MSH2, MSH6, MLH1, PMS2  
(Turcot S., HNPCC)  

  DNA mono - adducts; 
Crosslinker  

  RER    3     MGMT  (so far only epigenetic 
modifi cations)  

  DNA mono - adducts  

  RR     ∼ 80     BRCA1, BRCA2  (familial breast cancer); 
 ATM  (Ataxia - telangiectasia);  ATR  (Seckel 
S.);  NBS1  (Nijmegen Breakage S.); 
 MRE11  (AT - like S.);  RAD50  (RAD50 
defi ciency);  RECQL2  (Werner S.), 
 RECQL3  (Bloom S.);  RECQL4  
(Rothmund - Thomson S.);  Lig4  (Ligase 4 
defi ciency);  Artemis  (RS - SCID);  FANCA, 
FANCB, FANCC, FANCD1/BRCA2, 
FANCD2, FANCE, FANCF, FANCG /
 XRCC9, FANCJ/BRIP1, FANCL, 
FANCM, FANCN/PALB2  (Fanconi 
anemia)  

  Ionizing radiation, 
Bleomycin, Etoposid, 
Mitomycin C, 
cisPlatin  



  22.7 
 Recombination Repair ( RR ) 

 In contrast to all the lesions considered so far, which affected only one DNA 
strand, the lesions repaired by recombination are DSBs or  interstrand crosslinks  
( ICLs ). The eukaryotic cell has two main pathways for repair of DSBs (Figure  22.2 ). 
During  homologous recombination  ( HR ), a homologous sequence, in mammals 
usually the sister chromatid, is used as a template for repair. This process is practi-
cally error free but is restricted to the S -  and G2 - phase of the cell cycle. The alter-
native mechanism for repair of DSBs is  non - homologous end joining  ( NHEJ ), 
which is more universal but error prone. Since only a small portion of the mam-
malian genome has coding function, most of the deletions incurred during NHEJ 
will be tolerated by the cell. DSBs also arise as a consequence of base damage, 

    Figure 22.2     The two main pathways for repair of DNA double -
 strand breaks, and some of the proteins involved (after  [1] ).  
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single - strand breaks, or ICLs during DNA replication. Furthermore, DSBs are also 
intermediates in normal cellular processes such as meiotic recombination during 
meiosis, rearrangement of the immunoglobulin and T - cell receptor genes and, 
fi nally, maintenance of telomeres. Considering the frequency of DSBs, it is perhaps 
not surprising that so many genes are involved in their repair, and that these genes 
play an important role in carcinogenesis (Table  22.1 ). The consequences of unre-
paired, or incorrectly repaired, DSBs are microscopically visible chromosome 
aberrations. Such aberrations are characteristic of the chromosome instability 
syndromes, all of which have an increased cancer risk.   

 However, the cellular response to DNA damage is more complex than the mere 
removal of a DNA lesion. When a DNA lesion occurs it must fi rst be detected, 
for which sensor proteins are required. The sensors then transmit, via transducer 
proteins, a signal to the effector proteins, many of which are the actual DNA 
repair enzymes. A second group of effectors are those which, in proliferating 
cells, are responsible for arresting the cell cycle in order that DNA repair can be 
carried out. These two effector protein groups correspond to Kinzler und Vogel-
stein ’ s  “ caretakers ”  and  “ gatekeepers ” . Loss or inactivation of both alleles of a 
caretaker gene leads to genomic instability, increased cancer risk, and reduced 
life expectancy. Interestingly, the two diseases, Cockayne Syndrome and Tricho-
thiodystrophy, with an NER defect and premature aging but without increased 
cancer risk demonstrate that these phenomena can actually be separated from 
one another  [2] . The gatekeeper group of genes is composed largely of the tumor 
suppressor genes, which in the case of severe damage initiate the self - destruction 
pathways of apoptosis. 

 As important and useful as these heuristic terms are, they remain abstractions, 
as individual genes can be involved in several discrete steps of a whole network. 
This network is in turn regulated by complex feedback control mechanisms, 
leading to a unique buffering capacity: the loss of one particular gene can be more 
or less compensated for by the other members of the network. The following will 
attempt to illustrate this complexity, using lymphoma as an example.  

  22.8 
 Genetic Diseases with a High Risk of Lymphoma: Ataxia - Telangiectasia and 
Nijmegen Breakage - Syndrome 

 Cardinal symptoms of  ataxia - telangiectasia  ( A - T ; OMIM 208900) are progressive 
cerebral ataxia, conjunctival telangiectasia, and immunodefi ciency. About one -
 third of A - T patients develop malignancies, among children mostly lymphoma and 
leukemia. Older patients also develop solid tumors, such as breast cancer and 
colon carcinoma.  Nijmegen Breakage - Syndrome  ( NBS ; OMIM 251260) is clini-
cally distinct from A - T through the characteristic facial features, microcephaly, and 
lack of ataxia. Again, both humoral and cellular immunodefi ciency lead to frequent 
infections. Approximately 40% of NBS patients develop a lymphoma before the 
age of 20. 



 At the cellular level, A - T and NBS show many similarities. Cells from patients 
with both diseases have a high rate of spontaneous chromosome breakage. Char-
acteristic of lymphocytes are clonal and non - clonal rearrangements involving the 
T - cell receptor and immunoglobulin genes. Occasionally, fusions of chromosome 
ends, so - called telomere fusions, are also observed. Cellular sensitivity towards 
ionizing radiation is remarkable, particularly the failure to arrest DNA synthesis 
after irradiation (radio resistant DNA synthesis). 

 Both genes are express ubiquitously. The  NBS  gene product, nibrin, is part of 
a trimeric complex together with  MRE11  and  RAD50  (the MRN complex). This 
complex is evolutionarily highly conserved, and in yeast consists of the proteins 
Mre11, Rad50, and Xrs2, whereby Xrs2 represents the functional ortholog of 
nibrin  [3] . In yeast, and also in human cells, the MRN complex is involved in 
DSB repair by both HR and NHEJ. Only seconds after irradiation, the MRN 
complex relocates to the sites of DSBs where it holds the open DNA ends together. 
The protein product of the  AT  gene, ATM, is recruited to the DSBs and converted 
from an inactive dimer to an active, auto - phosphorylated monomer. The DNA -
 bound MRN complex is a prerequisite for the activation of ATM. This protein 
belongs to a highly conserved family of DNA - dependent protein kinases and, 
indeed, phosphorylates a large number of target proteins, including nibrin, p53, 
MDM2, CHK1, CHK2, BRCA1, and the histone, H2AX  [4, 5] . However these 
proteins are also phosphorylated in ATM - defi cient cells, albeit at much slower 
rates, by the related protein ATR. Particularly critical is the phosphorylation on 
the transcription factor and tumor suppressor  p53 , which regulates both cell cycle 
arrest and apoptosis. 

 As shown in Figure  22.3 , the MRN complex is involved in the response to DNA 
damage upstream and downstream of ATM. Nibrin performs apparently as a 
  sensor  , since a complex of MRE11 and RAD50 alone does not relocate to DSBs 
after irradiation. In consequence, ATM is not activated, thus nibrin also clearly 
has a transducer function. Finally, nibrin is also an effector, since it is directly 
involved in DSB repair by HR and NHEJ, and in checkpoint control through its 
facilitating effect on ATM target phosphorylation.   

 In addition, ATM and nibrin are involved in the processing of DSBs, which 
occur during the maturation of immuno - competent cells. ATM is clearly involved 
in V(D)J recombination in T -  and B - cells, whilst nibrin is never involved in this 
process: the sensor of DSBs and transducer to ATM during immune gene rear-
rangement is apparently a different protein. On the other hand, nibrin is clearly 
involved in immunoglobulin class switching, explaining the defi ciencies in serum 
IgG and IgA observed in NBS patients. In both A - T and NBS patients, there is 
also a shift in the naive to memory T - cell ratio  [6] . 

 All these results can be assembled to obtain a greatly simplifi ed pathophysiology 
of the diseases, A - T and NBS. Thus, because of the gene mutations, the mutation 
rate in rapidly proliferating lymphatic cells is particularly high with coincident 
defi ciencies in cell cycle checkpoints and apoptosis induction. The development 
of T -  and B - cell lymphoma during childhood is the almost inevitable outcome, 
particularly in immunodefi cient patients. It remains to be explained why T - cell 
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lymphoma is four times more frequent than B - cell lymphoma among A - T patients. 
Under NBS patients, the B -  and T - cell lymphomas occur equally often, but together 
much more frequently than in A - T patients. 

 The chromosome instability inherent in NBS and A - T affects all cells and, in 
both diseases, the risk for other haematological malignancies and for solid tumors 
is also increased. Patients with a defi ciency in DNA repair are generally sensitive 
towards exogenous and endogenous mutagens. In this respect, free oxygen radi-
cals generated during energy metabolism may pose a particular threat.  

  22.9 
 Lymphoma in Ataxia - Telangiectasia and Nijmegen Breakage Syndrome 

 Cancer is the most common cause of death in patients with NBS  [7] , and the 
second most common in A - T patients  [8, 9] . The precise molecular classifi cation 

    Figure 22.3     The MRE11/RAD50/nibrin complex and its role in the DNA double - strand break 
response. The diagram highlights the role of the MRN complex and ATM in DSB repair and 
checkpoint control. Some important critical phosphorylations are shown ( - p). DSBs occur in 
mammalian cells not only after IR exposure, but also as a result of physiological processes, 
such as rearrangement of immunoglobulin genes and meiotic crossing over (after [1]). 
For details, see text.  



of lympho - proliferative disease and lymphomas occurring in A - T and NBS is still 
incomplete, and it is often diffi cult to make a clear distinction between lympho -
 proliferation and overt lymphoma. Nevertheless, the calculated risk for developing 
lymphoma is clearly dramatically increased to over 1000 - fold, and 252 - fold for NBS 
and A - T patients, respectively (Boffetta  et al ., personal communication and  [8] ). 

 The life - time cancer risk of developing malignancy among A - T patients has been 
estimated as about 38%  [8] , whilst in NBS it ranges from 40 to 65% in various 
reports  [7, 10] . Roughly, 80 to 85% of all the malignancies in A - T patients, and 85 
to 90% in NBS patients are either lymphoma or leukemia. The incidence of lym-
phoma, including  non - Hodgkin lymphoma  ( NHL ) and  Hodgkin lymphoma  ( HL ), 
is lower in A - T patients (50 – 60%) than in NBS patients ( ∼ 80%)  [8 – 10] . Median age 
of lymphoma development in A - T and NBS patients is about 8.5 and 9.5 years, 
respectively (Chrzanowska, unpublished materials and  [11] ). 

 In October 2007, an examination of the Polish NB.S. Registry, with 105 patients 
representing the largest national sample, revealed 51 lymphoid malignancies 
among 56 primary cancers. Among the 51 lymphoid malignancies, there were 46 
lymphomas, including 44 cases of NHL and 2 of HL. A slight predominance of 
T - cell NHL (55%) over B - cell NHL (45%) was noted. Further analysis of the avail-
able data showed a high frequency of two morphological subtypes:  T - cell lympho-
blastic lymphoma  ( T - LBL ) and  diffuse large B - cell lymphoma  ( DLBCL ), which 
were diagnosed in 13 of 23 patients (57%) and 10 of 19 patients (53%), respectively. 
Five Burkitt - like and one angio - immunobastic type T - cell lymphoma were also 
diagnosed; the histological subtypes of the remaining tumors were not specifi ed. 

 The ratio of T -  to B - cell lymphoid malignancies in A - T patients is more diffi cult 
to assess since many reports do not discriminate between the two. Some studies 
show a clear predominance of T - cell over B - cell tumors; however, when only lym-
phomas are considered, the proportions are almost equal  [12, 13] . Other authors 
have pointed out that the histological origin of leukemia and lymphoma in A - T 
patients may be different, with the latter being predominantly of B - cell origin  [14] . 
This situation will only be clarifi ed by the publication of the characteristics of all 
tumors occurring in A - T patients in the future. Collectively, these data suggest the 
predominance of two phenotypes of lymphomas in NBS, those of precursor T - cell 
origin, and those representing mature large B - cell lymphomas. 

 In the general population, the majority of pediatric lymphomas stem from 
B - cells (B - NHL), and the most prevalent are Burkitt lymphoma (43%) and diffuse 
large B - cell lymphoma (13%)  [15] . In comparison, in adults, DLBCL accounts for 
30 to 40% of NHL  [16] . Currently, DLBCL are grouped into three prognostically 
distinct types: the  germinal center B  - cell type ( GCB ), the  activated B - cell  type 
( ABC ), and Type 3 or primary mediastinal DLBCL  [17, 18] . A multicenter study of 
altogether 63 cases of DLBCL in pediatric patients revealed a striking predomi-
nance (83%) of the germinal center B - cell - like (GCB) type, indicating that pediatric 
DLBCL differs from adult DLBCL where this subtype makes up less than half of 
the cases  [19] . In this connection it is interesting to note that sporadic childhood 
DLBCL has a generally more favorable prognosis than DLBCL in adulthood. 

 A thorough analysis of eight NBS - associated DLBCL tumors collected at one 
center (CMHI) revealed that all cases are of the BCL6  −  /CD10  −   ABC type of DLBCL 
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(Gladkowska - Dura, personal communication). This tumor type exhibits a particu-
larly aggressive biological behavior, and is associated with a much poorer progno-
sis. These fi ndings are in line with an earlier report pointing out that the spectrum 
of lympho - proliferative disease in NBS patients appears to be more characteristic 
for adults than for children, and has an unfavorable clinical outcome  [20, 21] . In 
addition, B - cell monoclonality was confi rmed by gene rearrangement studies in 
all DLBCL tumors of these eight NBS patients, again showing a difference to other 
primary or secondary immuno - defi ciencies in which around 60% of B - cell lympho -
 proliferations are oligoclonal and polymorphic in nature  [22] . 

 Patients with A - T and NBS are known to be at risk of developing secondary 
neoplasia; however, precise data have not been published. Earlier investigations 
of the additional risk for A - T patients already diagnosed with one type of neoplasm 
indicated that approximately 25% of patients with solid tumors subsequently 
developed NHL or leukemia. In contrast, when the primary tumor was lymphoid 
in origin, there was only a low risk of subsequent neoplasia  [9] . In the Polish NBS 
Registry, nine patients with lymphoma developed a second malignancy. Among 
the secondary lympho - proliferations, there were seven lymphomas (6 B - cell and 1 
T - cell) and two leukemias (T - ALL). It is striking that in all cases of lymphoma fol-
lowed by a further lympho - proliferation, the primary lymphoma was Hodgkin 
lymphoma or NHL of B - cell origin; no subsequent neoplasia were observed in 
patients with NHL of T - cell origin. The median age at diagnosis of the second 
lympho - proliferation was 13 years. 

 In a further detailed analysis of six multiple lympho - proliferations in NBS 
patients, two types of secondary lymphomas could be defi ned. In four patients, 
the second tumor was a reoccurrence of the initial lymphoma, DLBCL. This could 
be a consequence of the relatively mild chemotherapy protocols employed due to 
their toxic complications in NBS patients: this is naturally of great concern. In two 
further patients, also with primary DLBCL, a true secondary lymphoma was found, 
including one peripheral T - cell lymphoma (Gladkowska - Dura, personal commu-
nication). These new malignancies refl ect the higher mutation rate with its poten-
tial for cancer development in NBS patients. 

 Of the 35 Czech NBS patients born between 1960 and 2004, 15 have died from 
malignancies, 3 from infections, and 1 from congenital CNS malformation. Of the 
surviving patients, 5 have a malignancy, which they have survived for an average of 
11 years (range 6 – 16) since diagnosis. Eleven patients are cancer - free at an average 
age of 11 years (range 1 – 33). The mean age at death from malignancy has increased 
to 12 years (range 1 – 29) since the introduction of modifi ed treatment protocols. 

 In 2 of these patients, there were 2 or 3 secondary malignancies 3 to 4 years 
after diagnosis of the primary neoplasia. One boy had ALL at the age of 14, HL at 
the age of 17, and at 26, he developed a hepatic tumor. A girl who manifested with 
B - cell NHL at the relatively late age of 25 years, developed a T - cell NHL 3 years 
later. Three patients are living after successful treatment of their malignancy: the 
above - mentioned boy with three independent malignancies, a girl after malignant 
meningeoma, and a boy who had a rhabdomyosarcoma. Two patients, a boy and 
a girl, are alive at 20 years of age with NHL. 



 In conclusion, the spectrum of lymphoma NBS patients differs clearly not only 
from that of sporadic pediatric NHL, which are predominantly either Burkitt 
lymphoma or large cell anaplastic/diffuse lymphoma, but also from NHL in 
immunodefi cient patients where oligoclonal B - cell proliferation predominates. 
Clearly, this refl ects a different mechanism of lymphomagenesis in NBS 
patients.  

  22.10 
 Treatment of Malignancies in Nijmegen Breakage Syndrome 

 Twenty years ago, the oldest known Czech patient with NBS was 12 years of age; 
of 8 patients, 5 died, 4 from lymphoreticular malignancy. Survival ranged from a 
few days to weeks after diagnosis of malignancy. The former standard therapy for 
lymphoreticular malignancy including radiotherapy led to rapidly progressive 
organ insuffi ciency and death. Hyper - radiosensitivity of NBS patient cells was fi rst 
reported in 1989  [23] , and from that time, malignancy in children with NBS was 
treated by modifi ed protocols completely avoiding ionizing radiation and radiomi-
metics. Initial doses of cytostatic drugs are considerably lower and are raised 
very slowly under careful clinical observation. Survival is now for several years 
after diagnosis and some patients have survived more than one malignancy 
(see Table  22.2 ).   

 Table 22.2     Treatment of malignancy in  NBS  

  1985    2005  

  Number of patients ascertained    8    35  
  Number of patients with malignancies    4    20  
  Total number of malignancies    4    23  

  Number of deceased patients    5    19  
  Death from malignancy    4    11   +   4  
  Death from infections    1    2   +   1  
  Death from congenital CNS malformation    0    1  

  Mean age at death from malignancy    5.5   y    12   y  
  Range    (1 – 10)    (1 – 29)  

  Mean survival after diagnosis of malignancy    0.1   y    3.3   y  
  Number of patients surviving after          
  treatment of malignancy    0    5  

  Number of patients free from malignancy    3    11  
  Mean age    6   y    11   y  
  Range    (3 – 12)    (1 – 33)  
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 A further major factor in the improvement of the clinical prognosis of NBS since 
1998 is the possibility of very early and exact diagnosis by direct detection of the 
so - called Slavic mutation, 657del5, in exon 6 of the  NBS  gene  [24] . Thus, confi rmed 
homozygotes can be appropriately protected from mutagens, and particularly from 
ionizing radiation. Prior to identifi cation of the  NBS  gene, the mean age at diag-
nosis was 7 years and was made solely on the basis of microcephaly, lymphoreticu-
lar malignancy, and toxic complications of standard tumor therapy. Since 1998, 
the mean age at diagnosis in the Czech Republic has dropped to 4 months (range 
2 – 5 months) due to the routine analysis of the  NBS  gene in all infants with con-
genital microcephaly  [25] . 

 Needless to say, the prognosis for lympho - proliferative disease and malignant 
tumors in general has improved considerably over the past 20 years. For example, 
in the Czech Republic, the proportion of surviving patients has increased from 
40% in 1985 to 80% in 2006, due to progress in combined therapy protocols. Thus, 
the successes in treating recurrent malignancies and modifi cations to chemo-
therapy have substantially improved the clinical prognosis for NBS patients.  

  22.11 
 Somatic Mutations in Sporadic Lymphoma 

 One of the most frequent deletions in lymphoid neoplasia is on the long arm of 
chromosome 11, leading to loss of the  ATM  gene at 11q22.3  [26] . More than 50% 
of  mantel cell lymphomas  ( MCL ) and 10 to 20% of chronic  B - cell lymphocytic 
leukemia  ( B - CLL ) have this deletion. Similarly,  T - cell prolymphocytic leukemia  
( T - PLL ) is often accompanied by a partial or complete loss of 11q. Inactivation 
of the second  ATM  allele could be demonstrated in all six T - PLLs, showing that 
 ATM  can behave as a typical  “ two - hit ”  tumor suppressor gene  [27] . In the mean-
time, there is ample evidence that in many MCLs, B - CLLs, and T - PLLs, both 
ATM alleles are defective  [26] . Inactivation of  ATM  clearly plays an important 
role in pathogenesis and tumor progression. Surprisingly, in NHL, which is 
common in A - T patients, mutation in both  ATM  alleles is only rarely observed. 
Similarly, mutations in the  NBS  gene play little or no role in sporadic lymphoma 
 [28] . 

 It is well documented that a large number of lymphoid neoplasias, particularly 
of the B - cell and myeloid lineages, are characterized by translocations of a more 
or less specifi c nature. In the case of Burkitt lymphoma, the translocation break-
points are located in intron 1 of the proto - oncogene,  c - myc , and in the S μ  switch 
region of the  immunoglobulin heavy  chain locus ( IgH ). In consequence, the  c - myc  
gene is regulated by the promoter/enhancer of the  IgH  gene; a critical fi rst step 
in the development of this lymphoma. Translocations can also lead to the genera-
tion of chimaeric proteins, such as the BCR - ABL tyrosine kinase in  chronic 
myelogenous leukemia  ( CML ). 

 Such specifi c translocations suggest that the chromosomes involved are topo-
logically connected. Indeed, in B - cells, the  IgH  and  c - myc  loci are neighbors. In 



CD34+ cells, the  ABL  gene and  BCR  region on chromosomes 9 and 22, respec-
tively, are also in close proximity. However, it seems unlikely that this closeness 
is suffi cient to explain the high specifi city of such translocations in the develop-
ment of some lymphomas. 

 Many of the breakpoints of chromosome translocations involve genes involved 
either in haematopoiesis, or in the regulation of the cell cycle  [29] . A particu-
larly instructive example is the translocation t(11;14)(q13;q32), which is highly 
characteristic for MCL. This translocation brings the cyclin  D1  gene, a central 
regulator of the G1 - phase of the cell cycle on 11q13, under the control of the 
promoter of the immunoglobulin heavy chain gene on 14q32. Cyclin D1 is 
overexpressed in cells carrying this translocation, with predictable effects on 
cell proliferation. 

 Interestingly, haematological neoplasia often have two translocations, one affect-
ing a gene involved in haematopoiesis whose disturbance blocks further differen-
tiation, and one affecting a gene which leads to increased cell proliferation. In the 
case of MCL, the frequent inactivation of the  ATM  gene leads to loss of DNA repair 
processes and disturbances in cell cycle checkpoints, cumulating in the initiation 
of the malignancy  [30] .  

  22.12 
 Outlook and Perspectives 

 The relationship between increased mutation rates and carcinogenesis touches a 
central problem of tumor biology. Based on theoretical considerations of the 
spontaneous mutation rate, Loeb proposed that a cell accumulates less than three 
specifi c mutations within a normal lifetime: too few, considering the multistep 
nature of tumor initiation. He concluded that an increase in the mutation rate 
is a prerequisite for the malignant transformation of a cell  [31] . Others were of a 
somewhat different opinion. Tomlinson and Bodmer stressed the importance of 
selection, leading to clonal expansion of those cells with a growth advantage. Just 
as selection is the driving force of evolution among organisms, so it is for the 
persistence of cells during tumorigenesis  [32] . In this case, the normal spontane-
ous mutation rate is adequate, and an increased mutation rate can accelerate, but 
not cause, the emergence of a tumor. With respect to diseases with a defect in 
DNA repair, a constitutively increased mutation rate results in the early manifesta-
tion of cancer. 

 Knowledge of the molecular origin of hereditary and spontaneous lymphomas 
also has consequences for therapy. Before elucidation of the molecular defect, NBS 
and A - T patients with lymphoma were treated with radiotherapy, from which some 
of them died. Nowadays, these patients can be successfully treated with low dose 
chemotherapy. 

 In sporadic neoplasia, therapy sometimes depends on the particular chromo-
some translocation present. In case of the t(9;22) translocation in CML, the tyro-
sine kinase inhibitor Imatinib is the medication of choice since it inactivates the 
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BCR - AB.L. kinase. Patients with  acute myeloid leukemia  ( AML ) and a t(15;17) 
translocation are treated with all - trans retinoic acid, which is directed towards the 
chimaeric fusion receptor, PML - RAR. AML patients with inv(16) or t(8;21) respond 
better to treatment with high doses of Cytarabine than those patients without these 
chromosome rearrangements  [29] . 

 A great deal has been learned about cancerogenesis from the study of lym-
phoma, and the genes affected in haematological neoplasia. However, many ques-
tions still remain open    –    there is still much to be learned.  
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  Leukemias and other hematological neoplasias are frequently observed in associa-
tion with different genetic disorders, as DNA repair defi ciency syndromes, tumor 
predisposition syndromes, immunodefi ciency syndromes, cancer family syn-
dromes, and bone marrow failure syndromes, as well as in connection with several 
constitutional chromosome anomalies. Recently, in families with increased leuke-
mia incidence, constitutional mutations have been identifi ed in genes that are also 
affected by somatic mutations in sporadic leukemias. In addition to these high 
penetrance mutations, gene alterations with a low penetrance and polymorphisms 
seem to predispose to leukemia and/or modify the clinical course of the leukemia. 
Predisposing and modifying polymorphisms can be found in genes involved in 
cell proliferation, apoptosis, DNA repair, detoxifi cation, and so on. A novel class 
of small RNA molecules, the so - called microRNAs, also play a role in cancer and 
presumably in leukemia pathogenesis. The fi ndings on constitutional genetic 
alterations predisposing to leukemia start to close the gap between inborn and 
acquired genetic diseases.      

  23.1 
 Introduction 

 The frequent occurrence of leukemias and lymphomas in association with DNA 
repair defi ciency syndromes (also called chromosome instability syndromes), and 
also with Down ’ s syndrome represents a well established fact. But, most of the 
leukemias and lymphomas occur sporadically and only a small number of hema-
topoietic neoplasias are due to constitutional genetic diseases. Research has dem-
onstrated that a number of monogenic diseases as well as syndromes caused by 
chromosome anomalies and also genetic polymorphisms, correlate with an 
increased risk to neoplasias of the hematopoietic system. These new fi ndings 
create a bridge between leukemogenesis based on somatic (acquired) mutations 

Summary
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on the one hand, and on constitutional (inborn) genetic changes on the other. 
Familial leukemias as a part of syndromes, for example, of DNA repair defi ciency, 
immunodefi ciency, tumor predisposition, bone marrow failure, cancer family syn-
dromes, and constitutional chromosome anomalies must be differentiated from 
non - syndromal familial leukemias. Affected members of these latter families 
develop hematopoietic neoplasias only, but do not show any malformations or 
pathological features. They constitute a special group of single gene, Mendelian 
disorders with pure familial leukemia.  

  23.2 
 Leukemias Associated with Genetic Syndromes 

  23.2.1 
  DNA  Repair Defi ciency Syndromes 

 DNA repair defi ciency syndromes are autosomal recessive disorders, associated 
with an increased chromosomal instability. These disorders are described sepa-
rately in this book. It has only to be mentioned that in patients with  Bloom  ’ s 
syndrome that is due to a helicase gene defect (  BLM   gene),  acute lymphoblastic 
leukemia  ( ALL ) and  acute myeloid leukemia  ( AML ), as well as malignant lympho-
mas are observed. In connection with ataxia - telangiectasia ( ATM  gene), Hodgkin 
and non - Hodgkin lymphomas and ALL of the T - cell type occur. The  Nijmegen 
Breakage Syndrome  (  NBS   gene) is found to be associated with B - cell lymphomas. 
 Fanconi ’ s anemia   (  FA ) can be induced by mutations of at least 13 genes. It is 
associated with a high risk of solid tumors, as well as aplastic anemia,  myelodys-
plastic  syndromes ( MDS ), and leukemia, and represents one of the bone marrow 
failure syndromes.  

  23.2.2 
 Bone Marrow Failure Syndromes 

 This heterogeneous group of diseases is characterized by bone marrow failure in 
association with somatic anomalies. The most common of these rare disorders 
include FA,  Dyskeratosis congenita  ( DC ),  Shwachman - Diamond syndrome  ( SDS ), 
 severe congenital neutropenia  ( SCN ), and Kostmann syndrome, as well as 
 Diamond – Blackfan anemia  ( DBA ) (Table  23.1 ).   

  23.2.2.1   Fanconi ’ s Anemia 
 The most frequent clinical fi ndings in patients with FA include short stature, 
hyper -  and hypo - pigmentation, microcephaly, microphthalmia, and abnormal 
thumbs with or without hypoplastic radii. The cumulative incidence of haemato-
logic malignancies (leukemia or MDS) was reported to be 40%  [1] . The diagnosis 
of a malignant disease preceded the diagnosis of FA in more than 130 of the lit-
erature cases with cancer  [2] . 
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 Cells of FA patients are characterized by spontaneous chromosomal breakage 
and increased sensitivity to DNA cross - linking agents such as  diepoxibutan  ( DEB ) 
or  mitomycin C  ( MMC ). Interestingly, an accelerated shortening of telomeres, the 
ends of chromosomes, was found in FA cells by  fl uorescence -  in situ  - hybridization  
( FISH )  [3] . This phenomenon is also observed in DC and in SDS, as described 
below. 

 In FA, a considerably heterogeneous disease, 13 subtypes/complementation 
groups are recognized:  FANCA, FANCB, FANCC, FANCD1/BRCA2, FANCD2, 
FANCE, FANCF, FANCG, FANCI, FANCJ/BACH1/BRIP1, FANCL, FANCM,  and 
 FANCN/PALBIX2   [2] . FA is usually an autosomal recessive disorder with the 
exception of the FANCB subgroup, which is X - linked. 

 Genotype - phenotype correlations have been reported for the genes  FANCD1/
BRCA2  and  FANCN/PALBIX2 . Mutations of these two genes have been described 
in patients with severe birth defects, brain tumors, Wilms tumor, and AML  [2] . 

 FA patients with MDS and/or AML frequently exhibit monosomy 7 in their bone 
marrow. FA - associated AML is often preceded by the occurrence of chromosome 
aberrations in bone marrow involving bands 3q26 – 29  [4, 5] . In association with a 
3q26 abnormality in bone marrow and bone marrow -  derived cell lines of an FA 

 Table 23.1     Characteristics of the inherited bone marrow failure syndromes (after  [12] ). 

      FA    DC    SDS    SCN (+Kostmann 
syndrome)  

  DBA  

  Mode of 
inheritance  

  AR, XR    XR, AR, AD    AR    AD, AR    AD  

  Somatic 
abnormalities  

  yes    yes    yes    rare    yes  

  Bone marrow 
failure  

  AA ( > 90%)    AA ( ∼ 80%)    AA (20%)    Neut    RCA  

  Short telomeres    yes    yes    yes    ?    yes  

  Cancer/leukemias    yes    yes    yes    yes    yes  

  Chromosome 
instability  

  yes    yes    yes    ?    ?  

  Genes identifi ed    13    4    1    2    2  

   AA, aplastic anemia; AD, autosomal dominant; AR, autosomal recessive; DBA, Diamond - Blackfan 
anemia; DC, dyskeratosis congenita; FA, Fanconi ’ s anemia; Neut, Neutropenia; RCA, red cell 
aplasia; SCN, severe congenital neutropenia; SDS, Shwachman - Diamond syndrome; XR, X - linked 
recessive.   
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patient with AML and biallelic  FANCD1/BRCA2  disruption, an overexpression of 
the oncogenic transcription factor EVI1, located at 3q26, was observed  [5] .  

  23.2.2.2   Dyskeratosis Congenita 
 DC is characterized by abnormal skin pigmentation, nail dystrophy, mucosal 
leukoplakia, complications of the lung, and an elevated predisposition to cancer 
development. Mutations were found in the  DKC1  gene  [6] , encoding a nucleolar 
protein, dyskerin. Dyskerin plays a role in the biogenesis of ribosomes. Thus, it 
was suggested that DC is due to a disturbed ribosomal biogenesis. Dyskerin asso-
ciates with the RNA component (TERC) of telomerase, the enzyme responsible 
for the stability of the telomeres. In patients with the X - linked form of DC, based 
on  DKC1  mutations, as well as in patients with the autosomal dominant form, 
induced by  TERC  mutations, signifi cantly shortened telomeres were found  [7] . 

 Heterozygous mutations of the  TERT  gene, encoding the reverse transcriptase 
component of telomerase, were also found in several families with DC  [8, 9] . 

 Recently, a subtype of DC was found to be due to homozygous mutations of the 
gene  NOP10,  encoding a telomerase - associated protein  [10] . 

 In DC, the phenomenon anticipation can be observed, that means, the earlier 
occurrence of the disease in subsequent generations and a more severe expression 
of the disease. In DC, anticipation is associated with progressive telomere shorten-
ing. Decreased telomerase activity and reduced telomere lengths result in most 
cases from haploinsuffi ency of the  TERC  or the  TERT  gene. Changes of the  TERC  
sequence may also inhibit the wildtype copy in a dominant - negative fashion  [11] . 
Therefore inherited telomerase gene mutations work by different mechanisms to 
decrease telomere lengths. DC represents the fi rst disease that is signifi cantly 
based on the constitutional disregulation of the telomere stability and is character-
ized by features of premature aging  [12] .  

  23.2.2.3   Shwachman - Diamond Syndrome 
 Clinical features of the rare autosomal recessive disorder SDS are exocrine pan-
creatic insuffi ciency and bone marrow failure. Patients with SDS are at an elevated 
risk to develop aplastic anemia, MDS, and AML. In SDS patients, defects of the 
hematopoietic stem cell as well as of the stroma are observed. Furthermore, an 
elevated rate of apoptosis and short telomeres do occur. Ninety percent of the 
patients show mutations in the  SBDS  gene, localized in 7q11  [13] . This gene has 
a function in ribosome formation. It is speculated that oncogenesis is correlated 
with an increased ribosomal biogenesis and translation, since the tumor suppres-
sor gene  ARF  inhibits the production of ribosomal RNA, whereas the oncogene 
nucleophosmin promotes rRNA biosynthesis  [12, 14] . Gene expression studies 
revealed that bone marrow cells of patients with SDS without transformation 
to AML exhibited an upregulation of several oncogenes and downregulation of 
several tumor suppressor genes, when compared to the gene expression patterns 
of healthy controls  [15] . 

 Many patients with SDS evolve to aplastic anemia, MDS, or AML. The age -
 dependent cumulative probability of leukemia is greater than 70%  [2] . Several 
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patients with SDS exhibit a specifi c chromosomal abnormality in bone marrow    –
    an isochromosome of the long arms of chromosome 7    –    already before the 
development of MDS or AML  [16, 17] . A study including 14 SDS patients with 
isochromosome 7q (i(7)(q10)) or other chromosome anomalies led to the conclu-
sion that the  SBDS  mutation exerts a  “ mutator ”  effect, which may induce specifi c 
chromosome abnormalities such as an isochromosome i(7)(q10), and therefore is 
responsible for the development of MDS syndromes and AML  [18] .  

  23.2.2.4   Severe Congenital Neutropenia and Kostmann Syndrome 
 SCN includes a variety of hematologic disorders characterized by a severe neutro-
penia and associated with severe bacterial infections. The subtype Kostmann syn-
drome, an autosomal - recessive disorder, has been shown to be associated with 
mutations in the  HAX - 1  gene encoding a mitochondria - targeted protein harboring 
so - called  BCL2  - homology domains  [19] . HAX1 possesses anti - apoptotic properties 
and may suppress cell death  [20] . In autosomal dominant neutropenia, heterozy-
gous mutations in the  ELA - 2  gene were discovered, which encodes the protein 
neutrophil elastase  [21] . Interestingly, no individuals were identifi ed with muta-
tions in both  ELA - 2  and  HAX - 1  genes  [20] . 

 Malignant transformation into AML can occur in 10 to 15% of patients with 
SCN  [22] . Several patients show an acquisition of additional genetic defects 
during the course of the disease, such as mutations of the  granulocyte colony -
 stimulating factor  (  G - CSF  ) receptor gene and also chromosome aberrations. 
Patients with SCN are treated by recombinant human G - CSF and respond with 
an increase in absolute neutrophil count. But G - CSF treatment may accelerate 
the risk of leukemia  [23] . Since, also in the pre - G - CSF era, leukemic transforma-
tion occurred in SCN patients, it remains unknown whether the increased survival 
due to G - CSF treatment leads to the manifestation of a higher rate of leukemia 
 [20] . A study on 374 patients on long - term G - CSF therapy demonstrated an 
overall cumulative incidence of MDS/AML of 21% after 10 years  [24] . It could 
be shown that patients less responsive to G - CSF had a cumulative incidence of 
MDS/AML of 40% after 10 years, compared to 11% of the more responsive 
patients  [24] . 

 The analysis of patterns of gene mutations in  de novo  AML compared to AML 
in patients with SCN revealed a high mutation rate of tyrosine kinase genes ( FLT3, 
KIT, JAK2 ) in  de novo  AML, but no mutations in these genes were found in the 
SCN samples. Instead, somatic mutations of  CSF3R , the gene encoding the G - CSF 
receptor, were detected in association with the development of AML or MDS in 
SCN patients  [25, 26] . 

 Leukemic transformation in SCN is associated with acquired chromosome aber-
rations, mostly the partial or complete loss of chromosome 7, abnormalities of 
chromosome 21, or activating  RAS  mutations  [27, 28] .  

  23.2.2.5   Diamond - Blackfan Anemia 
 The clinical picture of DBA includes hypoplastic anemia, macrocytic anemia, 
reticulocytopenia, erythroblastopenia, missing or reduced erythroid precursor 
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cells, and a stop of differentiation of the erythroid lineage in the bone marrow. A 
short stature, craniofacial dysmorphies, and skeletal anomalies, as well as kidney 
and heart defects, have been found in DBA. The risk for hematopoietic neoplasias, 
mainly for AML, is moderately elevated  [29] . Most cases of DBA are associated 
with autosomal dominant inheritance. In 20 to 25% of the patients, heterozygous 
mutations of the gene encoding the ribosomal protein  RPS19 , localized in 19q13.2, 
were described  [14] . Mutations of the  RPS24  gene, localized in 10q22 ∼ 23, are 
found in 2% of the DBA patients  [2] . About 40% of the patients show a linkage to 
loci in 8p23.3 ∼ p22  [29] . 

 The analysis of functional features of mutated  RPS19  led to the conclusion that 
some  RPS19  mutations alter the capacity of the protein to localize in the nucleolar 
structure, thus blocking maturation, or leading to an inadequate formation of 40s 
ribosomal subunits  [30, 31] . 

 Since several children with DBA and a cytogenetically proved deletion in 19q13.2 
have been described, these cases are discussed as micro - deletion syndrome  [32] . 
This fact leads to the well - established increased proneness to leukemia of specifi c 
constitutional chromosome anomalies.   

  23.2.3 
 Constitutional Chromosome Anomalies 

  23.2.3.1   Down ’ s Syndrome (Trisomy 21) 
 About 10% of children with Down ’ s syndrome manifest transient myelopro-
liferative diseases, but they also have a signifi cantly increased risk to develop 
leukemia. During the fi rst 5 years of life, this risk is 50 - fold, during the next 10 
years elevated to 10 - fold  [33] . A primary event predisposing to leukemia develop-
ment may be the defi ciency of haematopoietic precursor and stem cells as well as 
the rapid shortening of telomeres, detected in fetuses with Down ’ s syndrome 
 [34] . 

 The most common cause of trisomy 21 is maternal meiosis I non - disjunction, 
which increases with advanced maternal age and, supposing one crossing over 
within the long arm of chromosome 21, leads to telomeric disomy (Figure  23.1 ). 
However, trisomy 21 in children with transient myeloproliferative diseases in most 
cases is due to non - disjunction of meiosis II, which is not related to maternal age 
and produces centromeric  uniparental disomy  ( UPD )  [35]  (Figure  23.1 ). It could 
be discussed that a mutant allele, located in the chromosome 21 segment with 
UPD and therefore duplicated, may function in an autosomal - recessive mode and 
lead to the development of leukemia in children with Down ’ s syndrome  [36] . The 
gene  RUNX1/AML1 , which is located at 21q22 and thus in the middle of the long 
arm of chromosome 21, may represent such a key gene.    

  23.2.3.2   Trisomy 8 
 Patients with constitutional trisomy 8 in mosaic frequently suffer from MDS or 
AML. In sporadic myeloid leukemia, trisomy 8 as well as trisomy 21 represent 
very frequent somatic karyotype deviations. It is assumed that 15 to 20% of all 
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hematological dysplastic or neoplastic disorders with a supernumerary chromo-
some 8 are based on a constitutional trisomy 8  [37] .   

  23.2.4 
 Hereditary Tumor Predisposition Syndromes 

  23.2.4.1   Li – Fraumeni Syndrome 
 The  Li – Fraumeni syndrome  ( LFS ) and its variant, the  Li – Fraumeni - like  ( LFL ) 
syndrome, are characterized by a specifi c spectrum of tumors (see Chapter  3  on 
family cancer syndromes). It includes breast cancer in juvenile age, osteosarcoma 
and soft tissue sarcoma, adrenocortical carcinoma, brain tumors and lung carci-
nomas, but also leukemias and lymphomas. About 75% of all patients with LFS 
show constitutional mutations of the  TP53  tumor suppressor gene (located in 

    Figure 23.1     Scheme of meiosis of chromosomes 21 
accomplishing one crossing over. Non - disjunction in M I 
results in disomy with duplication of a distal (telomeric) 
region, non - disjunction in M II leads to uniparental disomy 
for a proximal (centromeric) part of chromosome 21 
( adapted from Benson and Horwitz  [36]  ).  
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17p13), whereas in families with LFL,  TP53  mutations as well as germline muta-
tions of the  CHEK2  gene (located in 22q12) have been described  [38] .  

  23.2.4.2   Neurofi bromatosis Type 1 
 Neurofi bromatosis type 1, the presumably most frequent genetic disease with 
tumor predisposition, is described in this book by Wimmer, Kehrer - Sawatzki, and 
Legius.  

  23.2.4.3   Noonan Syndrome 
 Noonan syndrome, an autosomal dominant disorder, is characterized by short 
stature, distinct facial features, and heart defects. It is associated with a predisposi-
tion to a myeloproliferative disorder similar to the  juvenile myelomonocytic leu-
kemia  ( JMML ), designated as NS/JMML, other MDS, and leukemias  [39] . About 
50% of all NS patients have germline mutations of the  PTPN11  gene  [40, 41] . 
 PTPN11  encodes a tyrosine phosphatase, a positive regulator of RAS, and  PTPN11  
mutations lead to an activation of the intracellular RAS signaling pathways. Most 
cases of NS result from one of several heterozygous gain - of - function mutations 
in genes of the RAS pathway, including  PTPN11, SOS1 , and  KRAS   [42, 43] . 
About 35% of all sporadic non - syndromal JMML patients show somatic  PTPN11  
mutations  [44] . 

 An interesting observation concerns the acquisition of UPD in leukemic cells 
from patients with NS and constitutional mutation in one  PTPN11  allele. Loss of 
the wildtype allele of  PTPN11  with duplication of the mutant allele was an impor-
tant  “ second hit ” , triggering the development of leukemia  [45] .   

  23.2.5 
 Hemochromatosis 

 Hereditary hemochromatosis, an autosomal recessive iron overload disease, is due 
to mutations of the  HFE  gene, localized in 6p21.3.  HFE  mutations have low pen-
etrance, with a mild effect on serum iron levels. Elevated serum iron levels may 
increase the risk for oxidative damage to DNA, and thus may lead to an increased 
cancer risk. The most common mutations (variants) are  C282Y  and  H63D.  Child-
hood ALL has been shown to be associated with  C282Y,  with a signifi cant gender 
effect in two British populations. An increase in  C282Y  mutation frequency was 
found in ALL patients compared to newborn controls, but in males only. The 
association mainly concerned heterozygosity for  C282Y   [46] . In contrast to these 
fi ndings, a study from Finland did not confi rm this gender - specifi c association 
 [47] . Also, in Spanish patients with adult AML, the frequencies for  C282Y  and 
 H63D  were found to be from the same as controls  [48] . A modifi cation of suscep-
tibility to leukemia conferred by  C282Y  by environmental and genetic factors is 
discussed to explain the geographically heterogeneous results  [49] . 

  H63D  was found to be associated with adult acute leukemias in a study from 
Southern Italy  [50] . The  H63D  mutation was signifi cantly more frequent in adult 
ALL patients than in controls, whereas no difference was found between the inci-
dences of this mutation in AML patients versus healthy controls  [50] . However, 



this study shows limitations concerning a small size and imperfect matching 
between patient and control groups in age and sex distribution. In other examina-
tions,  H63D  did not seem to be relevant for leukemia susceptibility  [51, 52] . 
A signifi cantly higher frequency of heterozygosity for the  C282Y  mutation was 
found in patients with refractory anemia with ringed sideroblasts compared with 
a matched control group, whereas the  H63D  genotype was not signifi cantly 
increased  [53] . 

 It has to be mentioned that the  HFE  gene is an HLA class I - like gene and seems 
to be indirectly related to immune functions, since it plays a role in iron transport. 
Interestingly, the two missense alterations  C282Y  and  H63D  occur at a high fre-
quency in hemochromatosis patients, but also in the normal population. The 
 H63D  variant has a relatively homogeneous global distribution and a frequency 
of 15 to 20%.  C282Y  frequency is lower and varies from 0.15% in the south to 
4.7% in the north of Italy  [54] .   

  23.3 
 Hereditary Non - Syndromal Leukemia 

  23.3.1 
 Familial Thrombocytopenia with Leukemia Predisposition and Mutation 
of the   CBFA 2/ RUNX 1/ AML 1  Gene 

   F amilial  p latelet  d isorder  with propensity to develop myeloid malignancy ( FPD /
AML), an autosomal dominant disorder, has been described in at least 13 families 
to date. It is characterized by a disturbed megakaryopoiesis and thrombocytopoie-
sis. A consistent clinical feature is a mild to moderate bleeding tendency. FPD/
AML is induced by mutations of the  CBFA2  gene, localized in 21q22.1  [55] .  CBFA2  
encodes a hematopoietic transcription factor. Most of the  CBFA2  mutations lead 
to haploinsuffi ency, but also dominant - negative mutations have been described 
 [56] . The incidence of MDS/AML in family members who inherited  CBFA2  muta-
tions varies from 20 to 60% in different families, with a median of 35%  [57] . In 
families with dominant - negative mutations, a higher incidence of leukemia has 
been observed compared to families with haploinsuffi ency of the  CBFA2  gene 
 [56 – 58] . 

 A further gene predisposing to AML and MDS syndromes seems to be localized 
on 16q22 according to linkage analyses, but an involvement of the  CBFB  gene that 
resides in this chromosome band was excluded  [59] . 

 As secondary anomalies, monosomy 7, but also trisomies of chromosomes 8, 
13, and 21 were observed  [60] . In several families, anticipation occurred  [61] .  

  23.3.2 
   CEBPA   Mutations and Familial  AML  

 Recently, in a family with an increased incidence of AML, a constitutional muta-
tion of the  CEBPA  gene was detected  [62] . The  CEBPA  gene encodes the CCAAT/
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enhancer - binding protein - alpha, a transcription factor, and is located in 19q13.1. 
The  CEBPA  gene plays a signifi cant role in myeloid differentiation, and interacts 
with other proteins which are important for the regulation of myelopoiesis, as for 
example CBFA2. This second type of pure familial leukemia is characterized by a 
consistency of clinical and pathological phenotypes of patients  [63] . As with patients 
with sporadic AML and  CEBPA  mutation, AML patients with constitutional 
 CEBPA  mutations suffer from AML of FAB subtypes M1 or M2, and clonal chro-
mosome aberrations are rather uncommon. And they have a favorable prognosis. 
In spite of several relapses, the patients with familial leukemia due to  CEBPA  
mutations show durable remissions  [64, 65] . At present, 3 pedigrees with 10 
affected members (9 males, 1 female) with germline  CEBPA  mutations have been 
described  [63] . 

 It has to be mentioned that  CBFA2  as well as  CEBPA  mutations also frequently 
occur as acquired gene defects in sporadic AML.  

  23.3.3 
 Familial Myelodysplasia of Childhood with Monosomy 7 

 Repeatedly, siblings with MDS and monosomy 7 have been reported, leading to 
the opinion that this type of MDS follows an autosomal recessive inheritance. 
Monosomy 7 also frequently occurs in children with MDS/juvenile myelomono-
cytic leukemia (JMML) and AML, within the scope of FA, SCN, Kostmann syn-
drome, SDS, as well as neurofi bromatosis 1. About 20% of childhood MDS with 
monosomy 7 might be due to a genetic predisposing factor. 

 The so - called familial monosomy 7 that is not caused by the syndromes listed 
above, is in most cases associated with only myeloid leukemia; additional cerebel-
lar ataxia does occur rarely  [66, 67] . Since monosomy 7 is not a germline mutation 
in families with siblings with monosomy 7, a mutated (mutator) gene has been 
postulated which predisposes to the development of further genetic and chromo-
somal abnormalities  [68] .  

  23.3.4 
 Familial Chronic Lymphocytic Leukemia 

 B - cell  chronic lymphocytic leukemia  ( CLL ), the most common form of leukemia 
among older adults in Western countries, is characterized by the accumulation of 
lymphocytes in the blood, bone marrow, and lymphoid tissues. Epidemiological 
studies and case reports of families suggest that a subgroup of CLL is due to 
hereditary genetic predisposition. About 5 to 7% of all CLL cases may be based on 
a genetic component. However, a real predisposition gene for CLL has not yet 
been identifi ed. CLL shows signifi cant geographic variation, the highest rates 
occurring among whites in North America and Europe and the lowest in Asians 
 [69] . 

 Studies concerning the association of familial CLL with the HLA complex, 
as well as with the  pseudoautosomal region  ( PAR ) on X and Y chromosomes, 



demonstrated negative results  [70, 71] . Both genes or gene complexes correlate 
with the familial Hodgkin ’ s lymphoma. CLL and Hodgkin/Reed - Sternberg cells, 
the pathognomonic cell of Hodgkin lymphoma, have a common clonal origin, and 
therefore these investigations were obvious  [70, 71] . Also, the analysis of the  ATM  
gene in familial CLL did not reveal any association  [72] ; however, in a recent study 
 [73]  it could be shown that variants in the  ATM - BRCA2 - CHEK2  DNA damage -
 response axis could be a cause of predisposition to CLL. 

 Approaches to elucidate the genetic background of familial CLL are linkage 
studies and association studies. By linkage studies, genes are localized using the 
co - inheritance of genetic markers and disease in families. Goldin  et al .  [74]  per-
formed a whole genome scan with 359 microsatellite markers in 18 families with 
CLL. One of the chromosome regions that showed increased sharing among 
affected relatives was the long arm of chromosome 13, which frequently exhibits 
deletions in patients with CLL. However, no germline mutations were found in 
the chromosome 13 region involved in deletions in CLL patients  [75] . A  single 
nucleotide polymorphism  ( SNP ) genome - wide linkage scan of 206 families was 
performed by Sellick  et al .  [76] , assembling families from the major European and 
American CLL consortia. A major susceptibility locus in chromosome band 2q21 
that infl uences the risk of CLL was found. However, no signifi cant evidence for a 
linkage to any of the regions of the genome, which are involved in specifi c chro-
mosome aberrations (6q, 13q14, 17p, chromosome 12), was found  [76] . In addition 
to a linkage to 2q21, evidence of a recessively acting locus for CLL in 6p22.1 
and a dominantly acting locus mapping to 18q21.1 were described by Sellick 
 et al .  [76] . 

 In association studies, frequencies of alleles of candidate genes are compared 
among cases and unrelated controls. In this way common genetic variants of 
modest risk can be detected. An alternative to studies of specifi c candidate genes 
represent large - scale genomic studies using SNPs of, for example, candidate 
cancer genes. In a large case - control study, Rudd  et al .  [73]  analyzed 1467 coding 
non - synonymous SNPs from 865 candidate cancer genes in order to identify novel 
low - penetrance susceptibility alleles for CLL. As mentioned above, they found 
variants of genes in the  ATM - BRCA2 - CHEK2  pathway to be associated with 
CLL. 

 An interesting new fi nding was reported by Calin  et al .  [77] . They studied the 
role of microRNAs in CLL.  MicroRNAs  ( miRNAs ) are involved in the regulation 
of different cell functions (see also the introductory Chapter  1  on tumor invasion, 
progression and metastasis). Calin  et al .  [77]  detected that genes encoding the 
microRNA miR - 15A and miR - 16 - 1 located in the chromosome band 13q14, which 
is often deleted in CLL cells, may have somatic and germline changes in CLL 
patients. miR - 16 - 1 and miR - 15 seem to behave as tumor suppressors in CLL  [78] . 
In two patients, a germline mutation in miR - 16 - 1 was identifi ed, accompanied by 
the deletion of the wildtype allele at 13q14 in their CLL cells. The combination of 
a loss of heterozygosity and a germline mutation corresponds to the Knudson 
model of inactivation of a tumor suppressor gene. Therefore, the authors dis-
cussed that these miRNA deletions and mutations may possibly predispose to 
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additional mutations via regulatory changes involving oncogenes, and thus the 
deletion or mutation confers a selective advantage to B - cells  [79] . However, as 
yet, germline mutations of miR genes were found only in two patients with 
CLL  [77] . 

 In several families with CLL, anticipation has been described  [80] . In neurode-
generative disorders, anticipation is a consequence of an expansion of unstable 
trinucleotide repeat sequences. But it could be excluded that a CAG or CTG repeat 
amplifi cation is the cause of anticipation in familial CLL  [81] . 

 Since, as yet, no specifi c mutation with a large effect    –    a high - penetrance gene 
mutation    –    could be identifi ed, it is assumed that multiple genes with smaller 
effects    –    low - penetrance gene mutations or variants    –    cause much of the familial 
aggregation of CLL.  

  23.3.5 
 Genetic Susceptibility Factors for  CLL  and Other Leukemias 

 An elevated susceptibility to the development of leukemias could be produced by 
functionally active polymorphisms of genes involved in detoxifi cation, DNA repair, 
cell cycle regulation, or apoptosis. Polymorphic genes with low penetrance imply-
ing a certain risk for tumor development are discussed as a cause for leukemias 
at an advanced age. Each of these predisposing alleles has a small effect, but in 
combination, they increase leukemia susceptibility  [82] . 

 A number of polymorphisms of candidate genes that could predispose to CLL 
or infl uence the clinical course have been evaluated. These are genes with a bio-
logical plausibility, because they are involved in apoptosis ( BAX:   [83] ;  P2X7 :  [84] ) 
or xenobiotic metabolization ( GST:   [85, 86] ;  N  - acetyltransferase 1 ( NAT1 ) and 
2 ( NAT2 ):  [86, 87] ). Whereas Wiley  et al .  [84]  initially identifi ed an association 
between the  P2X7  receptor gene and risk of CLL, no association was found in 
follow - up studies  [88] . Also for neither of the other genes mentioned above, an 
association with CLL was established  [88] . 

 Seedhouse  et al .  [89]  demonstrated combined effects of specifi c genetic polymor-
phisms to the development of AML. Variants of the genes  RAD51  and  XRCC3  (see 
also Chapters  10  and  30  on lung tumors and molecular targeted therapy) coding 
for enzymes, which are involved in the DNA double - strand repair by homologous 
recombination, increase the risk for  de novo  and, more signifi cantly for therapy -
 induced AML. If, in addition, a  GSTM1  deletion is present, causing the failure of 
an effect of this carcinogen detoxifying enzyme, the risk for AML is more increased. 
These data demonstrate that DNA double - strand breaks and their repair have an 
impact to pathogenesis of  de novo  as well as of therapy - induced AML. Also, poly-
morphisms of genes of mismatch repair, base excision repair, as well as of 
the homeobox gene  HLX1 , can infl uence the risk for the development of AML 
 [90, 91] . 

 The positive association between polymorphisms of genes involved in the pro-
tection of cells against double - strand breakage or toxic effects, and an elevated risk 
to develop AML, suggests the need to intensify the analysis of combined effects 
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  Familial melanoma represents approximately 10% of all melanomas. In patients 
with hereditary melanoma, the onset of the disease is at a young age (below 40), 
and the incidence of multiple melanomas is relatively high (30%). The most com-
monly mutated gene in familial melanoma is the  cdkn2a  gene (germline mutations 
in 30 – 50%), which encodes for two different proteins, P16 INK4a  and P14 ARF , and is 
a key regulator of the cell cycle. Another high penetrance gene identifi ed in mela-
noma is  cdk4 , which is involved in cell cycle progression. However,  cdk4  germline 
mutations are rare and play a minor role in hereditary melanoma. 

 Some low penetrance genes have been described in melanoma, including DNA 
repair genes such as  ercc1  or  xrcc3 , and pigmentation genes such as  mc1r.  While 
specifi c variants of the  mc1r  gene have been associated with an increased risk for 
melanoma, confl icting data exist on other potential low penetrance genes regard-
ing their role in the susceptibility to melanoma. Genetic testing of familial mela-
noma patients is generally not recommended.      

  24.1 
 Introduction 

  24.1.1 
 Epidemiology 

 Cutaneous melanoma arises from the malignant transformation of melanocytes, 
the pigment - producing cells in the skin. The incidence and mortality rates have 
increased dramatically during the past decades among Caucasian populations. The 
current incidence rates of melanoma vary substantially throughout the world, 
ranging from 0.4 per 100   000 in Japan and 40 per 100   000 in Australia  [1] . In the 

Summary

 A list of abbreviations is provided at the end of this chapter. 
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United States, the incidence is between 9 (for females) and 13 (for males) per 
100   000, with a current estimated life - time risk of approximately 1 in 68. Mortality 
rates are more than fi ve - fold lower than incidence rates, but they also have 
increased. 

 The proportion of genetically conditioned familial melanoma is approximately 6 
to 14%. Familial melanoma is usually defi ned as a cluster of two (some defi ne three) 
or more fi rst - degree relatives with melanoma. In these patients, the onset of mela-
noma is at a young age (median 36 vs. 57 years in males and 29 vs. 59 years in 
females), with 10% diagnosed before the age of 20 (sporadic: 2%). The rate of 
multiple primary melanomas is high with 30% versus 4% in sporadic melanoma, 
and the majority of patients have dysplastic nevi. Several studies aimed at determin-
ing the  “ melanoma susceptibility gene ”  affected in these patients, associated with 
the hope to fi nd general mechanisms of sporadic melanoma development. 

 During the past years, linkage analysis, segregation analysis, and  comparative 
genomic hybridization  ( CGH ) were used to map the changes associated with 
hereditary melanoma (Figure  24.1 ). Here, we summarize the state - of - the - art 
knowledge on genomic regions and genes involved in hereditary melanoma with 
high penetrance or low penetrance  [2] .   

  24.1.1.1   High Penetrance Genes 

    cdkn 2 a   (9 p 21)  “ Familial Atypical Multiple Mole Melanoma ”  ( FAMMM ) Syndrome    
 Among all known tumor suppressor genes involved in melanoma development, 
the  cdkn2a  (cyclin - dependent kinase inhibitor 2A) gene is probably the most 

    Figure 24.1     Genetic mapping of melanoma susceptibility genes.  
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important.  Cdkn2a , also known under the names  mts1, cmm2, cdk4i, ink4a/arf, 
tp16 , and  p16  gene, is unique among human genes, because it encodes two dif-
ferent proteins, P16 INK4a  and P14 ARF   [3, 4] . They are translated in different reading 
frames from two alternatively spliced transcripts ( ARF  stands for  alternative 
reading frame ).  Cdkn2a  is located on the short arm of chromosome 9 (9p21 
region), and is composed of four exons: 1  α , 1  β , 2, and 3. The P16 transcript 
contains exon 1 α , exon 2, and exon 3, while the P14 transcript consists of exon 
1 β , exon 2, and exon 3 (Figure  24.2 ).   

 Approximately half of all melanoma families show a linkage to chromosome 
9p21 - 22. It is assumed that 30 to 50% of hereditary melanomas develop due to 
germline mutations in the  cdkn2a  gene. It has been shown that the number of 
affected individuals within a melanoma family correlates with the probability of 
germ line  cdkn2a  mutations within the family  [5] . Carriers of these mutations also 
exhibit an increased risk for pancreatic carcinoma. The  cdkn2a  gene is an impor-
tant negative regulator of the cell cycle. The transcript P16 binds and inhibits 
cyclin - dependent kinases CDK4 and CDK6, which in turn prevents complex for-
mation of CDK4 with cyclin D1 (Figure  24.2 ). This complex normally phosphory-
lates and inactivates the  retinoblastoma  ( RB ) protein resulting in the transition 

    Figure 24.2     Composition and transcripts of 
the  cdkn2a  gene. Depending on alternative 
splicing, transcript P16 INK4A  (Exon 1 α , 2, and 
3) binds and inhibits CDK4. If P16 INK4A  is 
inactivated, CDK4 can form a complex with 
cyclin D, this leading to phosphorylation 
of the RB protein. This results in a release 
of transcription factors required for the 
transition from G1 to S phase, that is, cell 

cycle progression and growth (A). The 
alternative transcript P14 ARF  (Exon 1 β , 2, 
and 3) stabilizes P53 by preventing MDM2 -
 induced P53 degradation. If P14 ARF  is 
inactivated, MDM2 binds to P53 and promotes 
P53 ubiquitination. This prevents cells from 
undergoing apoptosis and facilitates cell cycle 
progression (B).  
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from the G1 to S phase, that is, activation of cell division. Thus, P16 inhibits cell 
division at the G1/S restriction point in the cell cycle by inhibiting the kinase 
activity of CDK4, by inhibiting the  CDK - activating kinase  ( CAK ) - dependent phos-
phorylation of CDK4, and by inhibiting the assembly of the cyclin D/CDK4 
complex. A more recently discovered additional function of P16 is the delay at the 
G2/M cell cycle checkpoint by accumulation of P16 in melanocytic cells exposed 
to  ultraviolet radiation  ( UVR ), probably in order to enable the repair of UVR -
 induced DNA damage  [6] . Thus, if P16 is not present in a functional form or only 
available in very small concentrations, an essential control mechanism of cell divi-
sion and cell cycle delay is missing, whereby a cell can acquire UVR - induced 
genetic defects, and transform into a tumor cell. 

 The transcript P14 ARF  (P19 ARF  in the mouse) can affect the P53/MDM2 pathway, 
although its exact function is not clear and may differ between mouse and man. 
It has been shown that, upon activation by hyperproliferative stimuli (e.g. RAS, 
MYC), P14 ARF  can interact with MDM2 leading to stabilization of P53 by prevent-
ing MDM2 to inhibit P53  [7] . Thus, P14 ARF  can induce cell cycle arrest in G1/S 
and G2/M phases. In this way, P14 ARF  may support apoptosis or growth arrest of 
cancer cells. In addition, P14 ARF  can inhibit cell growth independent of P53 and 
can interact with RB as well as possibly further unknown proteins. Ries  et al . 
showed that hyper - proliferation and malignant transformation mediated by RAS 
only occur in cells lacking P19 ARF   [8] . Therefore, P19 ARF  seems to play a role as a 
tumor suppressor, hindering the effect of RAS - mediated growth factor signaling. 
Genetic analyses of two families, in which coincidence of cutaneous melanoma 
and glial tumors was observed, showed linkage to 9p21; however, without germ-
line mutations in  p16 . These results suggest a role for P19 ARF  in melanoma patho-
genesis, which is also supported by the discovery of mutations in exon 1 β   [9] . 

 Although these data indicate a tumor suppressive function of P14 ARF , several 
other studies could not yet demonstrate a decisive role of this protein in melanoma 
predisposition, as well as in sporadic melanoma development and progression.  

    cdk 4  (12 q 13)      Cyclin - dependent kinase 4  ( cdk4 ) is the second highly penetrant 
susceptibility gene identifi ed in melanoma. It is involved in cell cycle progression 
and inhibited by P16 protein. It has been shown that a point mutation in the 
 cdk4  gene with an arginine - to - cysteine substitution at codon 24 (R24C) encodes 
a mutated CDK4 protein, which corresponds to a tumor - specifi c antigen recog-
nized by cytolytic T lymphocytes. The  R24C  mutation functionally disrupts the 
binding of P16 to CDK4, thereby disabling CDK4 - inhibitory activities of P16. 

 Germline R24C mutations in the  cdk4  gene have been described in few mela-
noma families. This mutation is rarely found and seems to be relevant only for a 
very small subgroup of hereditary melanoma  [10] .  

    cmm 1  (1 p 36)  “ Dysplastic Nevus Syndrome ”      Locus  cmm1  on chromosome 1p36 
was the fi rst melanoma susceptibility gene to be discovered  [11] . Since then, no 
candidate gene has been identifi ed from this chromosomal region. In addition, 
other groups could not confi rm the locus  [12, 13] . This discrepancy in the fi ndings 
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may be explained by the selection of subgroups analyzed. The fi rst cohort con-
sisted of patients with multiple dysplastic nevi, whereas in the other groups 
patients were included with melanoma only, or with dysplastic nevi without the 
history of melanoma. It can be speculated that different loci are affected in these 
kindred. 

 As more than 50% of melanoma - prone families do not show mutations in the 
three high penetrance genes, additional mutations, for example, in intronic, pro-
moter, or enhancer regions, are expected. Furthermore, additional loci for high 
penetrance genes could be determined in the future such as the potential gene on 
1p36.   

  24.1.1.2   Low Penetrance Genes 

  Xeroderma Pigmentosum ( XP )      Xeroderma pigmentosum  ( XP ) is a rare, autosomal 
recessive and chronically progressive skin disease. In the literature, XP is sum-
marized under the generic term of secondary photodermatosis. Photodermatoses 
are characterized by pathological changes of the skin due to the infl uence of visible 
light or UVR. The pathogenesis of XP is based upon defects in the repair of DNA 
damage. Genes of DNA repair enzymes are affected by mutations, for example, 
in  ercc1 , an enzyme participating in the so - called nucleotide excision repair. The 
damage of UVR - induced chromosomal DNA cannot be compensated in XP 
patients, leading to an increased photosensitivity with substantial skin damage, as 
well as the development of skin cancer including melanoma. Kraemer  et al . 
reported that malignant skin neoplasms were present in 70% of XP patients at a 
median age of 8 years, which is approximately 50 years earlier than in the average 
white population in the United States  [14] . Melanoma arises in 22% of the XP 
patients, who are at a 1000 - fold increased risk to develop melanoma at an age 
younger than 20 years. Lynch  et al . suggested that complementation group C XP 
patients may be particularly prone to melanoma  [15] .  

    xrcc 3  (14 q 32)     Winsey  et al . revealed an association between polymorphisms in 
DNA repair genes and the development of melanoma  [16] . The presence of a T 
allele at position 18067 in exon 7 of the  xrcc3  gene was signifi cantly associated 
with melanoma development. However, follow - up studies excluded  xrcc3  from 
being associated with melanoma  [17, 18] .  

    mc1r   (16 q 24)     The melanocortin 1 receptor gene  mc1r  codes for a seven - pass 
transmembrane receptor implicated in pigmentation. It is activated by ligands 
such as  melanocyte - stimulating hormone  ( MSH ; melanotropin),  adrenocortico-
tropic hormone  ( ACTH ), and by signals via heterotrimeric guanine nucleotide -
 binding proteins (G proteins) to activate adenylate cyclase.  Mc1r  belongs to the 
group of low penetrance genes. Valverde  et al . reported that certain variants of 
the  mc1r  gene were more common in individuals with melanoma than in control 
subjects and that this association was greater than the association between mela-
noma and the skin type  [19] .  Mc1r  variants in the second and seventh trans-
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membrane domains were more common in melanoma cases than controls with 
a relative risk of 3.91 for carriers of variant alleles compared to normal homo-
zygotes. In addition, it was noted that a particular allele, asp84 to glu (D84E), 
was present in 23% of the melanoma subjects, while it was absent in controls. 
The D84E allele accounted for most of the association with melanoma. The 
aspartate at codon 84 is highly conserved throughout the melanocortin receptor 
family, as well as in other G protein - coupled receptors. However, the functional 
signifi cance of this mutation in the development of melanoma remains 
unclear. 

 Palmer  et al . studied the relationship between melanoma risk and  mc1r  poly-
morphisms  [20] . They reported the occurrence of 5 common  mc1r  variants in an 
Australian population - based sample of 460 individuals with familial and sporadic 
 cutaneous malignant melanoma  ( CMM ), and of 399 control individuals.  Mc1r  
variants were found in 72% of patients with CMM, whereas only 56% of the control 
individuals carried at least one variant (P    <    0.01). This fi nding was independent 
of the strength of family history of melanoma. Three  “ active ”  alleles previously 
associated with red hair (R151C, R160W, and D294H) doubled CMM risk for each 
additional allele carried. No such independent association could be demonstrated 
with the V60L and D84E variants. They concluded that the effect of  mc1r  variant 
alleles on CMM is partly mediated by the determination of the pigmentation 
phenotype. Comparison of melanoma patients without concomitant chronically 
sun - damaged skin with 171 healthy controls showed that the overall melanoma 
risk was higher by a factor of 3.3 in individuals with any  mc1r  variant allele as 
compared to individuals with no variant alleles, and that the risk increased with 
the number of variant  mc1r  alleles. 

 Interestingly, variation of the  mc1r  modulates the risk based on other melanoma 
susceptibility genes. A  cdkn2a  mutation in the presence of a homozygous consen-
sus  mc1r  genotype had a raw penetrance of 50% with a mean age at onset of 58.1 
years. Box  et al . could show that the presence of one  mc1r  variant allele increased 
the raw penetrance of  cdkn2a  mutation to 84% with a mean age at onset of 37.8 
years  [21] . 

 Van der Velden  et al . found that the  mc1r  variant R151C modifi ed melanoma 
risk in melanoma families with a  cdkn2a  mutation  [22] . They suggested that the 
R151C variant may be involved in melanoma pathogenesis in two ways: both as a 
determinant of fair skin; and as a component of another independent pathway, 
since the variant contributed to increased melanoma risk even after statistical cor-
rection for its effect on skin type. 

 In addition,  mc1r  variants are strongly associated with  braf  mutations in 
melanomas on non - chronically sun - damaged skin  [23] . It could be shown that 
 braf  mutations were more frequent in melanomas on non - chronically sun -
 damaged skin with germline  mc1r  variants than in those with 2 wildtype  mc1r  
alleles.     



  24.2 
 More Melanoma - Susceptibility Genes 

 The v - raf murine sarcoma viral oncogene homolog BIX1  braf  gene encodes a 
serine/threonine kinase, which is involved in the RAS - RAF -  mitogen - activated 
protein kinase  ( MAPK ) pathway  [24] . This pathway can be stimulated by extracel-
lular mitogenic signals such as diverse growth factors leading to cell proliferation. 
Somatic mutations in the  braf  gene have been demonstrated in 40 to 88% of 
melanoma and up to 74 to 82% of melanocytic nevi. In most cases, it is a V600E 
change leading to a constitutive activation of  braf.  Therefore, it has been specu-
lated that  braf  may be a low - risk melanoma susceptibility gene. Whether certain 
polymorphic variants of the  braf  gene are associated with an increased melanoma 
risk is not yet clear. While some studies could show a signifi cant risk of 
carriers of certain intronic  braf  variants or of germline  single nucleotide 
polymorphisms  ( SNP ) within the  braf  gene, others could not fi nd similar 
associations. 

 Polymorphisms in the genes for  epidermal growth factor receptor  ( EGFR ) and 
for isozymes of  glutathione - S - transferase  ( GST ),  gstm1  and  gstt1 , were shown to 
be associated with melanoma risk, but these observations could not be confi rmed 
by other groups  [2] . 

 Furthermore, an infl uence on melanoma susceptibility has been discussed for 
polymorphisms in the  vitamin D receptor   (  vdr  )  gene, in the  oculocutaneous albi-
nism 2  ( oca2 ) gene, the  endothelin receptor B   (  ednrb  )  gene, and the  p53  gene, 
but these mostly single reports need to be confi rmed in a larger series of patients 
by independent groups. 

 In addition, there were speculations on a linkage of malignant melanoma to 
chromosomes 6p, 2, 3, 10, and 11. However, no genes have been matched to these 
loci to date.  

  24.3 
 Sporadic Melanoma 

 In sporadic melanoma, innumerable cellular and molecular changes during mela-
nocytes transformation and melanoma progression have been described. The most 
frequently mutated gene is  braf  (V600E), which leads to constitutive activation of 
the RAS/RAF/MAPK pathway (see above). Less commonly, but instead of mutated 
 braf, nras  mutations occur in 15 to 20% of melanoma with constitutive activation 
of the oncogene  ras.  In certain subgroups of melanoma, where mutations of  braf  
or  nras  are infrequent, oncogenic mutations in  kit  were found by CGH: in 39% of 
melanomas on mucosal membranes, in 36% of melanomas on acral skin (soles, 
palms, nail bed), and in 28% of melanomas on chronically sun - damaged skin  [25] . 
 Kit  encodes for c - KIT, which is the receptor for the growth factor  SCF  ( stem cell 
factor ) and regulates proliferation and maturation of melanocytes essentially 
during embryonic development. 

 24.3 Sporadic Melanoma  417
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 Further genetic aberrations have been identifi ed predominantly in the three 
major tumor suppressor pathways: The P16/RB pathway, the P14 ARF /P53 pathway, 
and the PI3kinase/PTEN/AKT pathway. However, it is noteworthy that typical 
tumor suppressor genes, such as  p53  (1 – 10%), or oncogenes, such as  c - myc  or   ß  -
 catenin  (2%), are not, or only rarely, mutated in melanoma.  

  24.4 
 Conclusion 

 The vast majority of malignant melanomas occur sporadically. However, also in 
sporadic melanoma a familiar background with low penetrance has been specu-
lated. Genetically determined phenotypic variability, such as skin color and activity 
of DNA repair mechanisms, have a major impact on melanoma development. 

 The identifi cation of germline mutations in the  cdkn2a  gene in affected members 
of familial melanoma kindreds worldwide highlights the role of  cdkn2a  in mela-
noma predisposition. The potential benefi t of genetic testing of this region in 
at - risk individuals has been controversially discussed, but eventually is not recom-
mended. One reason is that the genotype does not necessarily predict the pheno-
type, another that the prevention and surveillance strategies would not be different 
compared to other patients with a history of sporadic or familial melanoma. There-
fore, rather programs of prevention and surveillance irrespective of DNA status 
are recommended instead. 

 There is some evidence that besides a hereditary susceptibility for melanoma, 
environmental factors are involved in the development of melanoma. Among gene 
carriers of  cdkn2a  ( cmm2 ) mutations, a history of sun exposure was more common 
in kindreds with melanoma than without melanoma. Likewise, the cumulative 
incidence of melanoma in families with 9p21 mutations was 21 times higher 
among members born after 1959, compared with those born before 1900. Due to 
changing habits regarding sun exposure over time, the increase in penetrance 
observed in these families was attributed to an environmental - genetic interaction 
between exposure to sun and mutations at the 9p21. This means that members 
of melanoma - prone families as well as individuals without familial but with con-
stitutional risk factors for melanoma (e.g. skin type I and II, freckling) both may 
profi t from strict sun protection measures. This is why the regular use of sun-
screens with a high enough sun protection factor, the use of long - sleeved and 
long - legged clothes, hat and sunglasses, and the avoidance of direct sun exposure 
between 11 a.m. and 3 p.m. on sunny days should be propagated.       
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  The  ultra - violet  ( UV ) portion of sunlight is the most important exogenic factor in 
skin cancer development. If UV - induced DNA damage cannot be properly repaired 
by cells, patients are prone to skin cancer, including squamous cell carcinoma, 
basal cell carcinoma, as well as cutaneous melanoma. These skin cancers comprise 
the most common cancers in humans. The median age of such skin cancer devel-
opment in the normal population is about 60 years. UV - induced DNA damage is 
repaired by the nucleotide excision repair ( NER ) system. The rare genetic diseases 
 Xeroderma pigmentosum  ( XP ),  Cockayne syndrome  ( CS ), and  trichothiodystro-
phy  ( TTD ) mirror the extreme clinical consequences of severely impaired NER. 
XP patients are very sun - sensitive, severely freckle in sun exposed skin areas, and 
also develop sun - induced skin cancers, at a median age of 8 years. CS and TTD 
patients are also sun - sensitive, but are not skin cancer prone. This demonstrates 
that functional NER can protect about 5 to 6 decades of life from UV - induced skin 
cancer development, and that some genetic defects in NER (CS and TTD) do not 
result in cancer proneness. In this chapter, the NER cascade, as well as the variet-
ies of NER defective syndromes, is reviewed.      

  25.1 
 The Nucleotide Excision Repair ( NER )     –    Defective Syndromes 

 A total of seven different autosomal - recessive inherited genetic diseases includ-
ing  xeroderma pigmentosum  ( XP ),  Cockayne syndrome  ( CS ), and the photosensi-
tive form of  trichothiodystrophy  ( TTD ) demonstrate the clinical consequences of 
defects in the NER pathway. All entities share an increased sun - sensitivity and 
freckling in the sun - exposed skin as clinical symptoms. However, XP patients 
are highly skin cancer prone, but CS and TTD patients are not  [1 – 3] . 

Summary
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  25.1.1 
 Xeroderma Pigmentosum ( XP ) 

 The fi rst patient with  “ dry skin (xeroderma) and hyperpigmentations ”  was described 
by Moritz Kaposi in 1863. In 1882, this entity was fi nally named XP  [4] . Albert 
Neisser was the fi rst to report neurological abnormalities associated with XP in 
1883. In 1968, James Cleaver was the fi rst to bridge the gap between the clinical 
picture XP and its underlying defect in NER. 

 XP is a rare autosomal - recessive inherited genetic disease occurring worldwide. 
The incidence of XP in Europe and the United States is about 1   :   1 million  [1] . In 
northern Africa and Japan, the incidence is 10 times higher  [5] . Both sexes are 
affected equally  [6, 7] . In Europe and Northern America, mutations in the  XPD  
and  XPC  genes are most common. In Japan, mutations in the  XPA  gene are most 
common, and due to the isolated location of Japan, only a few founder mutations 
in the  XPA  gene were identifi ed that constitute most of the XP mutations  [8, 9] . 
In about 30% of all cases, consanguinity of the parents is present. As an autosomal 
recessive disorder, there usually is no positive family history. The heterozygous 
parents are regarded as clinically healthy to date. However, the hypothesis exists 
that those heterozygous carriers of an XP mutation might have an increased skin 
cancer risk at an older age  [10] . The frequency of such heterozygous carriers 
(1   :   500) is much higher than XP patients  [9] . 

 The median age of fi rst XP symptoms is 1 to 2 years  [6] . Three key cutaneous 
features exist: sun - sensitivity, freckling in sun - exposed areas, and skin cancer 
proneness. While babies are normal at birth, in the fi rst years of life diffuse ery-
thema, scaling, and pronounced freckle - like pigmentation develop (Figure  25.1 a 
and b). In accordance with the increased sun sensitivity, changes are seen over 
sun - exposed skin areas, in particular the face, head, and neck, but will subse-
quently involve the lower legs and even the trunk in severe cases. Normally, the 
skin changes are sharply demarcated from sun - protected skin. One needs to 
become alert when babies present with severe solar dermatitis/sunburn, often 
associated with constant crying, for which no other explanation can be found. The 
sunburn will usually persist for extended periods of time, not uncommonly for 
several weeks, and may include blister formation upon minimal sun exposure, 
even behind window glass. Sometimes infants are misdiagnosed as being scalded, 
and investigations are initiated concerning child abuse.   

 Further on, pigmentary changes in sun - exposed skin develop in infancy. Telan-
giectasias and atrophic hyper -  as well as hypo - pigmentations become apparent, 
which are normally signs of chronic sun exposure over decades. As the skin suffers 
actinic damage, the surface becomes atrophic and dry, which has led to the term 
 “ xeroderma ”  (dry skin) for this condition (Figure  25.1 b and d). 

 Assessment of more than 830 XP patients revealed 8 years as the median age 
of fi rst skin cancer development. In the normal Caucasian population, the median 
age of fi rst skin cancer development is about 60 years  [1, 11] . This indicates that 
NER normally protects over 5 to 6 decades from skin cancer development. The 
distribution and types of skin cancers are identical in XP patients and the normal 
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population, and include all classical UV - induced skin cancers such as basal cell 
carcinomas (Figure  25.1 f), squamous cell carcinomas (Figure  25.1 d), and melano-
mas (Figure  25.1 e)  [12] . The risk for the development of skin tumors is increased 
about 1000 - fold, as compared with the normal population  [12, 13] . 

 In addition to their DNA damage repair defi ciency, XP patients also show signs 
of immune defi ciency. Although typical symptoms of immune defi ciency, such as 
multiple infections, are not usually observed in XP patients, prominent depletion 
of Langerhans cells induced by UV radiation has been described  [14] . Various other 
defects in cell - mediated immunity such as impaired cutaneous responses to recall 
antigens, impaired lymphocyte proliferative responses to mitogens, and decreased 
production of interferon, as well as reduced natural killer cell activity, have been 
detected in XP patients. Recently, impaired UVB - induced cytokine induction in XP 
fi broblasts was reported  [15] . This, as well as the immunosuppressive effects of UV 
irradiation, is highly likely to contribute to skin tumor promotion in XP patients. 

 Besides the above - mentioned cancers, keratoakanthomas and sarcomas includ-
ing fi brosarcomas and angiosarcomas have been described  [16] . The incidence of 
tumors of the oral mucosa (inner lips, gingival, and tip of the tongue    –    presumably 

    Figure 25.1     Clinical symptoms of XP. Skin 
changes sharply demarcated to sun - exposed 
skin (a) typical poikilodermic aspect of XP 
skin changes including the lips (atrophic dry 
skin with hyper -  and hypo - pigmentations); 
(b) involvement of the anterior eyes 

(pterygium); (c) child with classical XP 
symptoms and large squamous cell 
carcinoma on the left cheek; (d) melanoma 
on XP skin ((e), arrow); basal cell carcinoma 
on XP skin ((f), arrow).  
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sun exposed), the anterior eye (usually nonmelanoma cancers of the conjunctiva 
or cornea), and other organs (brain cancer, lung cancer, and leukemia) is also 
increased. The frequency of internal tumors is elevated about 10 - fold compared to 
normal individuals  [12] . Tobacco smoke may be regarded as  “ internal sun ”  for XP 
patients, since benz - a - pyrene derivates induce DNA damage that is repaired by 
nucleotide excision  [1] . Particularly, the occurrence of leukemias has been reported 
in XP  [17] . The incidence of central nervous system tumors is about 10 - fold higher 
than in normal individuals. The neurological tumors include astrocytoma, medul-
loblastoma, glioblastoma, and malignant schwannoma  [18] . 

 As the repair defect is present in all cells of the body, the sun - exposed portions 
of the eyes are also affected. Photophobia, conjunctivitis, keratitis, and neoplasias 
of the eye lids and conjunctivae may develop. Corneal abnormalities include 
corneal clouding, vascularization, and corneal ulcers, causing impaired vision in 
about 15%. These symptoms may progress to infl ammatory lesions such as pin-
gueculae (conjunctival growths limited to the bulbar conjunctiva) and pterygia 
(conjunctival growths that extend onto the corneal surface) (Figure  25.1 c). In the 
general population, these lesions are rarely seen in children  [19] . Blepharitis, 
ectropion, symblepharon, loss of eyelashes, atrophy, and scarring represent some 
less common ophthalmological features of XP  [6, 7] . Interestingly, the posterior 
portions of the eye such as the retina are rarely affected, because UV - light is 
absorbed by anterior eye portions, and only visible light (400 – 800   nm) reaches the 
retina. The risk of ocular neoplasias is increased about 1000 - fold, comparable to 
the XP skin cancer risk. These cancers occur in up to 15% of patients and are most 
often localized in the cornea and conjunctiva, while melanomas occur in about 
5%  [6, 20] . In addition, fi brovascular pannus of the cornea, pterygium, and epithe-
liomas of the lids and conjunctivae may occur. 

 Unfortunately, a causative therapy such as gene therapy is currently not avail-
able. Thus, the overall goal is to prevent the patient from sunlight to minimize 
the formation of DNA damage. This includes shifting the daily activities into the 
night as much as possible, which has led to the term  “ moon babies ”  or  “ children 
of the moon ”  for XP patients. In addition, protective clothing, hats, and appropri-
ate eye care serve to minimize UV - induced damage. Special clothing suits are 
available with high UV protective but yet light fabrics. Sometimes, cooling systems 
are incorporated into the suit. Sunscreens should be regularly applied to all exposed 
surfaces, including the hands and the lower lids. Preferably, physical and chemical 
sunscreens are to be used simultaneously and around the entire year, even in 
winter months, and during evening as well as early morning hours. UV detectors 
may be helpful to measure the UV exposure outdoors as well as indoors. 

 This and the availability of dermatologists for establishing early clinical diagno-
sis and regular skin examination at 3 to 6 months intervals led to the situation 
that in general the skin problems of XP patients are manageable. Today, progres-
sive neurological symptoms seem to be the most critical issue in XP patient care 
 [21] . In addition, family support groups exist that offer assistance in XP patient 
management. Information as well as contact addresses can be found on their 
websites. For example, XP support groups in the United States ( http://www.xps.



 25.1 The Nucleotide Excision Repair (NER) – Defective Syndromes  425

org/ ), the United Kingdom ( http://xpsupportgroup.org.uk ), France ( http://asso.
orpha.net/AXP/index.html ), and in Germany ( http://www.xerodermapigmento-
sum.de ) also assist clinical and basic research efforts by raising funds, participat-
ing in patient registries, and donating samples for molecular research. 

 Some therapeutic approaches are under way. Prevention of skin cancer in XP 
patients has also been achieved to some degree with the use of oral isotretinoin 
 [22] . In the last years, a delivery system has been developed consisting of packaging 
repair enzymes into liposomes that can be applied to the skin as a hydrogel lotion 
on a regular basis. This technique could deliver any repair enzyme at a defi ned 
concentration and frequency to epidermal skin cells. In 2001, the  Lancet  published 
a fi rst successful and prospective pilot study that investigated the effi cacy of T4 
endonuclease liposomal therapy in 30 XP patients  [23] . Twenty patients applied 
the repair enzyme - containing lotion to their skin and 10 patients a placebo contain-
ing lotion. After 1 year of treatment, a 68% reduction in the development of actinic 
keratoses, and a 30% reduction in basal cell cancer development could be detected 
compared to the placebo group. Stege  et al .  [24]  investigated the effi cacy of a second 
liposomal encapsulated repair enzyme, photolyase. Nineteen healthy volunteers 
were treated with a photolyase containing liposomal lotion. This treatment reduced 
the content of cyclobutane - pyrimidine dimers in UVB - irradiated skin of the pro-
bands up to 45%. 

 Until today, early diagnosis and consequent avoidance of sunlight, as well as 
regular dermatological screening have helped to increase life expectancy. The pro-
gnosis is signifi cantly impaired, since fewer than 40% of patients survive beyond 20 
years of age  [6] . However, some individuals with milder disease may survive to 
about 40 years. The probability of a 40 - year life expectancy is estimated at 70%. 
Overall, the life expectancy for XP patients is reduced by 30 years. Patients are likely 
to die from cancer (33%), infections (11%), and various other diseases  [6] . 

 Overall the life expectancy correlates with the severity of the disease. In a recent 
workshop, where researchers and clinicians interested in human diseases of DNA 
repair defi ciency and premature aging met in September 2006  [21] , suggestive 
trends emerged providing rational explanations for the relative severity of the 
disease in patients. The severity of the clinical phenotype may often correlate with 
the severity of the molecular defect. Molecular - genetic markers were identifi ed 
that appear to retrospectively explain the patient ’ s phenotype. In general,  “ null ”  
mutations lead to severe phenotypes and the retention of some functional activity 
in at least one allele may result in milder phenotypes with better prognosis  [25] . 
This implies that genetic testing may be benefi cial in XP patients, even for prog-
nostic purposes. The establishment of centers of excellence for that purpose may 
be very helpful in this regard.  

  25.1.2 
  XP  Plus Neurologic Abnormalities 

 About 30% of all XP patients develop neurological abnormalities in addition to 
their XP skin problems  [19, 26] . Usually, patients with defects in the  XPA, XPB, 
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XPD , or  XPG  gene may present with additional neurological symptoms (Figure 
 25.2 ). The onset and severity of the neurological symptoms can be very variable, 
but all share a progressive character (Table  25.1 ). Commonly, around the fi fth to 
tenth year of life, neurological symptoms may become evident. The earliest clinical 
signs of the presence of XP plus neurological symptoms are diminished or absent 
deep tendon refl exes, followed by progressive high - frequency hearing loss. This 
may necessitate the use of a hearing aid. Mental deterioration with disabilities in 
speaking, walking, and balance may follow (spasticity, ataxia). This may include 
abnormal gait and diffi culty to walk, eventually leading to the use of a wheelchair. 
Swallowing diffi culties may become problematic, leading to the aspiration of food, 
and necessitate the implantation of a gastric feeding tube  [27 – 30] . For example, in 
32 Japanese patients with XPA, mental retardation, microcephaly, nystagmus, 
dysarthria, ataxia, and short stature were described as the most prominent neuro-
logical symptoms  [6, 31] . Often, these progressive neurological manifestations are 
more disabling than the cutaneous symptoms.     

 The corresponding histopathology of these symptoms is a primary neuronal 
degeneration with loss of neurons, without infl ammation or abnormal deposi-
tions. The MRI shows diffuse atrophy of the cerebrum and cerebellum with 
sparing of the white matter. Enlarged ventricles may be seen in early childhood. 
The progressive nature of the neurological degeneration suggests that there 
might be ongoing damage that is not repaired. As neurons do not divide, this 
may occur due to an accumulation of endogenous, for example, oxidative, DNA 
damage. There are indications that some oxidative DNA damage is repaired via 
the NER system. In para llel, it was found that XP genes are also involved in base 
excision repair following oxidative DNA damage  [19, 32] . However, there are 
many unanswered questions regarding the genesis of the neurological symp-
toms, for example, as to why only 30% of the XP patients develop neurological 
degeneration.  

    Figure 25.2     Seven clinical entities based on 11 defective genes 
( modifi ed from Kraemer  et al .  [19]  ).  
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  25.1.3 
 Cockayne Syndrome ( CS ) 

 In 1936 a syndrome with the clinical hallmarks of cachectic dwarfi sm, hearing 
disability, and retinal atrophy was fi rst described by Cockayne  [1] . Patients suffer-
ing from the autosomal - recessive inherited genetic disease CS are sun - sensitive 
but, in contrast to XP patients, not prone to skin cancer  [2] . A characteristic facies 
including a thin face, fl at cheeks, and a prominent tapering nose (bird - like face), 
skin sensitivity to sunlight (with or without xerosis), neurologic and psychomotoric 
impairment with mental retardation, growth retardation (dwarfi sm), dental caries, 

 Table 25.1     Summary of the clinical features of  NER  - defective syndromes. 

      Clinical features    Phenotype  

  XP    XP plus 
neurologic 
abnormalities  

  CS ( ± XP)    TTD ( ± XP)    COFS   a     

  sun - sensitivity    yes    yes, severe    yes    yes/no      
  freckling    yes    yes              
  skin cancer (NM   b    and M   c   )    yes    yes              
  photophobia    yes    yes    yes    yes/no      
  conjunctival growths    yes    yes              
  cancer (anterior eye portion)    yes    yes              
  congenital cataracts            yes    yes      
  pigmentary retinal degeneration            yes          
  sensorineural deafness        yes    yes          
  ataxia        yes, in some    yes          
  progressive cognitive impairment        yes    yes    yes    yes  
  developmental delay        yes    yes    yes      
  primary neuronal degeneration        yes              
  loss of subcutaneous tissue            yes          
  dwarfi sm        yes, in some    yes    yes    yes  
  brain calcifi cation            yes    yes, in some      
  demyelinating neuropathy            yes    yes, in some      
  ichthyosis                yes      
  brittle hair                yes      
  brittle nails                yes      
  tiger - tail hair                yes      
  sulfur - defi cient hair                yes      
  hypertrichosis                    yes  
  skeletal abnormalities                    yes  
  microcephaly/craniofacial 

abnormalities  
                  yes  

    a  COFS: Cerebro - Oculo - Facio - Skeletal Syndrome.  
   b  Non - melanoma skin cancer (basal and squamous cell carcinoma).  
   c  Melanoma skin cancer.   
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deafness, and progressive ophthalmologic disorders including cataracts or retinitis 
pigmentosa, account for typical clinical symptoms (Table  25.1 ). Commonly, micro-
cephaly and calcifi cations of the basal ganglia or other areas in the central nervous 
system occur. Cachectic dwarfi sm and neurologic disabilities are early diagnostic 
symptoms  [1, 33] . Nance and Berry  [33]  suggested three clinical CS categories: i) 
CSI, a classic form including most of the CS patients; ii) CSII, a severe form with 
early onset and rapid progression; and iii) CSIII, a mild form with late onset and 
slow progression of symptoms. Pathologically, neurologic impairment correlates 
to a primary demyelinization of neurons. This contrasts the primary neuronal 
degeneration found in XP patients. 

 Defects in two genes,  CSA  and  CSB , involved in the transcription - coupled repair 
sub - pathway of NER (Figures  25.2  and  25.3 ), are known to result in CS  [34, 35] . 
However, the exact underlying functional and molecular mechanisms leading to 
CS symptoms, especially the absence of skin cancer proneness, are still to be 
investigated  [36] . As the  CS  genes are involved in transcription - coupled repair of 
active genes, there may be a defect in transcription beyond bulky DNA damage. 
Other studies also indicate defective repair of endogenous oxidative DNA damage 
in actively transcribed genes in CS cells  [2, 37] .    

  25.1.4 
  XP / CS  Complex 

 Thorough clinical studies in the 1970s revealed that there are patients showing 
symptoms of both XP and CS. Robbins  et al .  [28, 38]  recognized these patients as 
an independent clinical entity, XP/CS complex. Sun - sensitivity, freckling, and skin 
cancer proneness (XP symptoms) as well as bird - like face, severe neurologic 
and psychomotoric disabilities, dwarfi sm, and defects in mental and physical 
development (CS symptoms) characterize XP/CS complex patients (Table  25.1 ) 
 [25, 39, 40] . 

 It was found that certain mutations in XP genes can lead to CS symptoms. A 
survey in 2002 revealed that 3 out of 12 XP/CS complex patients had a defect in 
the  XPB  gene, 2 patients had a defect in the  XPD  gene, and 7 XP/CS complex 
patients had  XPG  gene defects (Figure  25.2 )  [25] . Mutations in the  CSA  or  CSB  
genes do not seem to result in XP symptoms. At least two different  XP  gene func-
tions seem to be affected in XP/CS complex patients: One defect disturbs NER, 
the other affects repair of oxidative DNA damage in the global genome, or tran-
scription - coupled repair of oxidative DNA damage  [25, 41 – 46] .  

  25.1.5 
 Trichothiodystrophy ( TTD ) 

 TTD is the third major NER - associated autosomal recessive inherited entity. Price 
introduced the term TTD in 1979  [47] . Sun - sensitivity is a clinical sign in about 
50% of all TTD patients, which refl ects the cellular repair defect of UV - induced 
photoproducts. Interestingly, as in CS patients this is not accompanied by skin 
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cancer proneness  [48] . Other prominent clinical symptoms include ichthyotic 
skin changes, nail changes, and erythemas (Table  25.1 ). Dystrophic, short, brittle 
hair, with reduced sulfur content, is a hallmark of TTD patients  [2, 48] . Polarized 
microscopy reveals a typical tiger tail pattern of the hair due to a lack of sulfur -
 rich hair matrix proteins that results in changes of the amino acid content of the 
hair. The amount of cysteine is greatly reduced, as the amino acids proline, 
threonine, and serine. As a consequence, a relative increase in methionine, 
phenylalanine, alanine, leucine, lysine, and aspartic acid can be found  [48, 49] . 
Sulfur - rich hair matrix proteins normally confer hair shaft stability  [50] . 

    Figure 25.3     The NER pathway. In the global 
genome  XPC  and  XPE  recognize the DNA 
damage and initiate the NER cascade. In 
actively transcribed genes, the stalled 
polymerase II in concert with  CSA  and  CSB  
are thought to initiate the NER cascade.  XPB  
and  XPD  are components of the 10 units 
containing multiprotein complex TFIIH 

(transcription factor II H), and demarcate the 
damage due to their helicase activity. TTD - A 
is also part of the TFIIH complex.  XPF  and 
 XPG  are endonucleases that cut the damage 
containing DNA strand. The resulting gap is 
fi lled using polymerases and ligases and the 
complementary DNA strand as a template. 
RPA: replication protein A.  
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Retrospectively, several syndromes are sub - summarized under TTD, including 
Pollitt syndrome, Tay syndrome, Sabinas syndrome, Marinesco – Sj ö gren syn-
drome, and  ONMR  (  o nychotrichodysplasia,  n eutropenia,  m ental  r etardation ) as 
well as PIBIDS. The symptoms of  PIBIDS  include   p hotosensitivity,  i chthyosis, 
 b rittle hair and nails,  i ntellectual impairment,  d ecreased fertility, and short 
 s tature   [2, 48] . PIBIDS patients have initially been studied to investigate the 
genetic basis of TTD  [51] . 

 Most of all photosensitive TTD cases (95%) are caused by mutations in the 
 XPD  gene  [52] .  XPB  gene defects were identifi ed in two TTD patients  [53, 54] . 
Since a functional test is lacking for the non - photosensitive TTD patients, genetic 
testing was preferentially performed in photosensitive, NER defective TTD 
patient cells. Using such functional tests, one TTD patient was identifi ed who 
obviously had a defect in  transcription factor IIH  ( TFIIH ) function, but no muta-
tion in the  XPD  or  XPB  genes that are subunits of TFIIH  [48, 55] . Complemen-
tation testing suggested a further putative TTD causing gene that was named 
 TTD - A . This gene was identifi ed in 2004 as a further tenth subunit of the TFIIH 
complex, and comprises the human TFBIX5 ortholog of yeast  [56]  (Figures  25.2  
and  25.3 ).  

  25.1.6 
  XP / TTD  Complex 

 A detailed characterization of  XPD  mutations revealed that they either lead to XP 
or TTD symptoms or are null mutations dependent on their location in the  XPD  
gene  [57, 58] . It was suggested that TTD results as a consequence of an  XPD  - trig-
gered defi ciency in basal transcription and that XP results from a defect in NER 
 [59 – 61] . Therefore, individuals that carry compound heterozygous  XPD  mutations 
(one mutation leading to XP, the other to TTD) should present an XP/TTD 
complex phenotype comparable to the already identifi ed XP/CS complex pheno-
type. Indeed, this hypothesis driven by genetics could be confi rmed by the identi-
fi cation of two patients, XP189MA and XP38BR, who carry compound heterozygous 
 XPD  gene mutations, and exhibit a XP/TTD complex phenotype (Table  25.1  and 
Figure  25.2 )  [62] .  

  25.1.7 
  COFS  (Cerebro - Oculo - Facio - Skeletal Syndrome) 

 COFS syndrome was fi rst reported by Lowry  et al ., and delineated by Pena and 
Shokeir as an autosomal recessive brain and eye disorder in 1974, occurring in 
French - Indian families within the genetically isolated Manitoba Aboriginal popu-
lation  [63] . Typical clinical signs include microcephaly with cerebral atrophy, 
hypoplasia of the corpus callosum, hypotonia, severe mental retardation, cata-
racts, microcornea, optic atrophy, progressive joint contractures, and postnatal 
growth defi ciency  [64]  (Table  25.1 ). Some symptoms, such as progressive demy-
elination with brain calcifi cation or cataracts, are similar to CS. However, COFS 



syndrome eye defects (e.g. microcornea) appear to be more severe than those 
associated with CS, and in contrast to CS, cutaneous photosensitivity is not 
always noted in COFS patients  [64]  (Table  25.1 ). Recently, causative mutations 
in the  CSB, XPG,  and  XPD  genes have been identifi ed in COFS patients  [64, 
65]  (Figure  25.2 ).   

  25.2 
 The Nucleotide Excision Repair ( NER ) Pathway 

 All patients with the above - mentioned syndromes share defects in genes that are 
involved in the NER pathway ( XP, CS , and  TTD  genes). However, there is one 
exception. Some patients suffering from XP have a normal NER. In 1999, these 
patients were identifi ed as having a defect in polymerase eta, for example, they are 
defective in translesional synthesis (Figure  25.2 ). Polymerase eta can bypass 
cyclobutane pyrimidene dimers. XP patients belonging to this group of  XP variant  
patients ( XPV ) do not accumulate DNA mutations due to the defective repair of 
UV - induced DNA damage but due to the alternative use of more error - prone 
polymerases for translesional bypassing  [66 – 70] . 

 All  XP  ( XPA - XPG ),  CS  ( CSA  and  CSB ), and  TTD  ( TTD - A ) genes participate in 
the multi - step process of NER (Figure  25.3 ) in a defi ned order  [2, 71] : i) the DNA 
damage is recognized; ii) then demarcated; iii) followed by strand incision at both 
sides of the DNA lesion; iv) then the lesion containing oligonucleotide is removed; 
and v) the gap is fi lled with a newly synthesized oligonucleotide using the comple-
mentary strand as a template (Figure  25.3 ). 

  25.2.1 
 Damage Recognition ( I ) 

 There are two ways as to how cellular DNA damage can be sensed and located 
(Figure  25.3 ). The slower sub - pathway which, however, operates in a genome - wide 
manner, is called  global genome repair  ( GGR ). Here, the XPC protein binds to 
the damage and initiates the further repair steps. The XPC protein is part of a 
heterotrimeric complex with HHR23B and centrin, and acts as the damage sensor 
 [2, 72 – 74] . Another damage sensor in GGR is the  UV - damaged DNA - binding  
protein ( UV - DDB ) consisting of the DDBIX1 and DDBIX2 subunits. DDBIX2 
corresponds to the  XPE  gene product  [75] . DDB has a higher binding affi nity and 
specifi city for certain types of DNA damage than  XPC  and seems to assist  XPC  in 
detection of specifi c DNA damage such as cyclobutane pyrimidine dimers  [72, 
76 – 79] . Patients with  XPC  gene mutations usually develop a classical XP pheno-
type with skin cancer proneness but no neurological abnormalities. This may be 
due to the retained  transcription coupled repair  ( TCR ) activity in XPC patients (see 
below). 

 In actively transcribed genes, the damage recognition is mediated via the stalled 
RNA polymerase II  [80 – 82] . This NER sub - pathway is called the TCR, and acts 
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much faster than GGR (Figure  25.3 ). Here,  XPC  and  DDB  are dispensable  [83] . 
XPC and XPE patients, therefore, have normal TCR capabilities. In contrast, CS 
patients ( CSA  or  CSB  defective) have normal GGR, but are defi cient in TCR  [84] . 
The CS proteins may support the polymerase II complex to allow its temporary 
removal, and may play a general role in the processing of stalled polymerases 
during transcription  [41] . This may be one reason for the severe neurologic abnor-
malities in some CS patients and usually no neurological abnormalities in XPC 
or XPE patients.  

  25.2.2 
 Damage Demarcation ( II ) 

 To allow for excision repair, the DNA double helix has to be unraveled around the 
damage. This is accomplished by the multifunctional basal transcription factor 
IIH (TFIIH) complex, consisting of 10 subunits including the XPB, XPD, and 
TTD - A proteins  [56] . The XPB protein possesses 3 ′  - 5 ′  helicase activity, and the 
XPD protein 5 ′  - 3 ′  helicase activity. TTD - A plays a role in regulating the level of 
the transcription factor IIH and leads to TTD, if mutated. This indicates that TTD 
results as a consequence of defective basal transcription, because TTD - A is not 
involved in NER. TFIIH is also needed by RNA polymerase II to initiate transcrip-
tion at promoter sites  [85] . Thus, TFIIH has at least two different functions, which 
are basal transcription and NER. This can explain the great phenotypic heterogene-
ity of defects in the  XPD  and  XPB  genes (Figure  25.2 ). Depending on the type and 
location of the mutation within the gene, either NER, basal transcription, or both 
may be disabled, leading to combinations of XP, TTD, or even CS symptoms 
(disabled TCR). The  replication protein A  ( RPA ) supports the activity of TFIIH 
and stabilizes the  “ DNA - bubble ”  around the damage (Figure  25.3 ). The XPA 
protein is recruited to the site of DNA damage later than TFIIH and complexes 
with RPA  [86] . Although the exact role of the XPA - RPA complex is not well under-
stood, XPA in conjunction with RPA may monitor DNA bending and unwinding, 
and verify the damage - specifi c localization of repair complexes rather than recog-
nize DNA damage  [87] . XPA patients usually are defective in GGR as well as in 
TCR, which can explain the preponderance of XP with neurological symptoms, if 
XPA is mutated (Figure  25.2 ).  

  25.2.3 
 Incision of the Damage Containing  DNA  Strand ( III ) 

 Two endonucleases, XPG and XPF (complexed with ERCC1), are recruited to 
incise the damage containing strand. ERCC1 - XPF cleaves the DNA strand at the 
5 ′  boundary, and XPG at the 3 ′  boundary of the bubble structure (Figure  25.3 )  [88] . 
XPG interacts with RPA and TFIIH, which may allow exact positioning of the fi rst 
cut  [25, 89] . XPG is also required non - enzymatically for subsequent 5 ′  incision by 
the XPF - ERCC1 heterodimer, which may defi ne the strand excision 24 to 32 
nucleotides upstream. XPG is another multifunctional protein, for example, also 
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involved in base excision of oxidative DNA damage. This may indicate why XPG 
patients often show neurological abnormalities, because oxidative DNA damage 
may persist in non - dividing neurons.  

  25.2.4 
 Removal of the Damage Containing Oligonucleotide ( IV ) 

 The actions described above always result in an excised oligonucleotide between 
24 and 32 nucleotides in length  [90] . It may be that the excised oligonucleotide is 
not just degraded after transport into the cytoplasm, but may induce UV - protective 
cell functions. It has been shown that small oligonucleotides with specifi c 
sequences were capable of inducing DNA repair, as well as melanogenesis without 
UV - exposure of the cells  [91] .  

  25.2.5 
 Gap Filling ( V ) 

 The resulting single - strand gap is fi lled by a newly synthesized oligonucleotide 
using the complementary strand as a template (DNA repair synthesis). This 
involves DNA polymerase  δ  and/or polymerase  ε  activity, and depends on  prolif-
erating - cell nuclear antigen  ( PCNA ) and  replication factor C  ( RFC ). Reconstitution 
of  in vitro  repair synthesis was successfully accomplished using purifi ed PCNA, 
RFC, and either polymerase  δ  or polymerase  ε   [92, 93] . The very last step of NER 
consists of 3 ′  strand rejoining by DNA ligase I  [26] .   
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  Cancer predisposition syndromes during infancy are rare and only 1 – 10% of child-
hood malignancies are caused by hereditary factors. A variety of familial and 
genetic syndromes is associated with an increased risk of cancer during childhood. 
Known hereditary syndromes account for almost all the excess risk of cancer 
among fi rst - degree relatives of children with cancer. The genetic basis of cancer 
predisposition provides many opportunities for the management of patients and 
their families.      

  26.1 
 Introduction 

 Cancer is a very rare disease among children throughout the world  [1, 2] . Child-
hood malignancies comprise histologically very diverse entities, while the majority 
of adult cancers are carcinomas. Therefore, pediatric tumors are usually classifi ed 
according to histology rather than primary site. The standard scheme is the Inter-
national Classifi cation of Childhood Cancer  [3] . There, diagnostic groups are 
defi ned according to codes for morphology as well as topography in the second 
edition of the  International Classifi cation of Diseases for Oncology  ( ICD - O ). The 
major groups are leukemias and lymphomas, brain and spinal tumors, sympa-
thetic nervous system tumors, retinoblastoma, kidney tumors, liver tumors, bone 
tumors, soft - tissue sarcomas, gonadal and germ - cell tumors, epithelial tumors, 
and other and unspecifi ed malignant neoplasms. This review provides an overview 
of hereditary cancers in childhood.  

Summary



 442  26 Hereditary Tumors in Children

  26.2 
 Familial Neoplastic Syndromes Associated with Childhood Cancer 

 Among other factors, genetic alterations contribute to carcinogenesis. As far as 
many childhood cancers are concerned, the age - incidence patterns and cell types 
of origin point to an origin at latest in utero. For example, studies of monozygotic 
twins concordant for leukemia and studies performed on neonatal blood spots that 
analyzed chromosome translocations involved in many childhood leukaemias 
argue an origin during fetal hematopoiesis  [4, 5] . To this end, studies on familial 
aggregations have provided important insights into the genetic etiology of cancers 
in children. Pairs of siblings with cancer certainly occur more often than would 
be expected by chance  [6] . Also, the risk of childhood cancer in a sibling of an 
affected child in the absence of a known family history is approximately twice as 
high  [6] . When cancer does occur in a second sibling, however, this will often be 
the defi ning event for the existence of a known syndrome in the respective family. 
Vice versa, large population - based studies in the Nordic countries revealed that 
there is virtually no excess risk of cancer in the siblings, parents, or offspring of 
children with cancer that cannot be accounted for by known hereditary syndromes 
 [7 – 9] . Therefore, the likelihood of the contribution of any as yet undefi ned familial 
syndromes can be considered as very small. 

 Table  26.1  gives an overview on the most common familial neoplastic syn-
dromes that give rise to an increased risk of childhood cancer. Among these, 
 retinoblastoma  is the classic example of a malignancy arising in childhood that 
results from an inherited genetic abnormality. Retinoblastoma is a malignant 
tumor of the eye that originates from the developing cells of the retina  [10] . There 
are numerous families with more than one generation affected and with more 
than one member in one generation. In the majority of familial cases, both eyes 
are affected. By defi nition, heritable retinoblastoma is any case with bilateral 
tumors or a family history. Retinoblastoma is the typical example of the two - hit 
hypothesis of human cancers, as it results from two mutations in the  RBIX1  tumor 
suppressor gene  [11] . In heritable cases, the fi rst of these two mutations is prezy-
gotic and is either inherited or alternatively, a rare germ - cell mutation. By com-
parison, both mutations are postzygotic in nonheritable cases. The retinoblastoma 
gene ( RBIX1 ) located on chromosome 13 (13q14) was cloned as the fi rst tumor 
suppressor gene in 1986  [12] . The pattern of inheritance of familial retinoblastoma 
is autosomal dominant. The penetrance is very high with about 90% where an 
affected parent has bilateral tumors. Somewhat lower is the penetrance in the rare 
cases of unilateral heritable retinoblastoma. Since the survival rate from retino-
blastoma has been very high for many decades in sharp contrast to other pediatric 
malignancies, several families affected with retinoblastoma in multiple genera-
tions had already been reported half a century ago. It is interesting to note that 
survivors have a remarkably high risk of developing further primary tumors, many 
of which cannot be directly linked to treatment received for retinoblastoma. For 
example, the incidence of osteosarcoma is markedly elevated compared to the 
general population and occurs mainly in the fi rst three decades  [13, 14] . The 
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increased risk of developing subsequent unrelated malignancies continues also 
later in life, although the specifi c types of cancer change with advancing age. In 
adulthood, the excess risk is especially high for malignant melanoma and for lung 
and bladder carcinoma  [15, 16] .   

 Compared to retinoblastoma, familial aggregations of other characteristic 
embryonal tumors of childhood are relatively rare. To give an example, only 1.5% 
of 6209 children with  Wilms ’  tumor , a malignant tumor of the kidney, in the 
 National Wilms ’  Tumor Study  ( NWTS ) in the US had a family history of the 

 Table 26.1     Familial neoplastic syndromes associated with childhood cancer. 

  Syndrome    Inheritance    Locus    Gene    Childhood cancers  

  Familial retinoblastoma    AD    13q14     RB1     Retinoblastoma, 
osteosarcoma  

  Familial Wilms ’  tumor    AD    17q1221     FWT1     Wilms ’  tumor  

  Familial Wilms ’  tumor 2    AD    19q13     FWT2     Wilms ’  tumor  

  Li – Fraumeni syndrome    AD    17p13     TP53     Adrenocortical carcinoma,  

  AD    22q12     CHK2     Soft - tissue sarcoma,  

  AD    22q11     SNF5     Osteosarcoma, CNS 
tumors  

  Multiple endocrine 
neoplasia type 2B  

  AD    10q11     RET 1     Medullary thyroid 
carcinoma  

  Neurofi bromatosis type 1    AD    17q11     NF     Astrocytoma, JMML, ALL, 
rhabdomyosarcoma, 
MPNST  

  Neurofi bromatosis type 2    AD    22q12     NF2     Meningioma  

  AD    3p21     MLH1       

  AD    7p22     PMS2       

  Hereditary nonpolyposis 
colon cancer  

  AD    2p22 - 21     MSH2     Glioma  

  Familial adenomatous 
polyposis  

  AD    5q21     APC     Medulloblastoma, 
hepatoblastoma  

  Gorlin syndrome    AD    9q31     PTCH     Medulloblastoma, basal 
cell carcinoma  
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disease  [17] . In Wilms ’  tumors, bilateral disease represents a much smaller propor-
tion of total cases than in retinoblastoma  [17] . In addition, family history of the 
same tumor is also much rarer in Wilms ’  tumors compared to retinoblastoma  [17] . 
Although the proportion of familial cases is anticipated to rise because of increased 
survival, it will always be small compared to familial retinoblastoma  [18] . There 
are at least three familial Wilms ’  tumor susceptibility genes, the best known being 
 WT1   [19] . 

 Familial aggregations of  neuroblastoma  are even less frequent than in retinoblas-
toma or Wilms ’  tumor. Neuroblastoma is the most common extracranial solid 
cancer in infancy arising from the sympathetic nervous system  [20] . While several 
chromosomal regions have been investigated, no candidate region or gene has yet 
been linked to familial neuroblastoma  [21] . 

 The   Li – Fraumeni  cancer family syndrome  ( LFS ) was fi rst identifi ed in children 
with the diagnosis of rhabdomyosarcoma. By defi nition, LFS is a patient with 
sarcoma diagnosed before the age of 45 years, a fi rst - degree relative with any 
cancer also before the age of 45 years, and another fi rst or second - degree relative 
with sarcoma at any age or any cancer before the age of 45 years  [22] . Malignancies 
that are characteristic of LFS comprise soft - tissue sarcomas, adrenocortical carci-
noma, central nervous system tumors, premenopausal breast carcinoma, and 
osteosarcoma. The relative risk of childhood cancer is about 20. By comparison, 
 Li – Fraumeni - like  syndrome ( LFL ) is defi ned as a patient with any tumor before 
the age of 45 years, or a sarcoma, brain tumor or adrenocortical tumor before the 
age of 45 years, together with a fi rst - or second - degree relative with a typical LFS 
tumor at any age, and another fi rst - or second - degree relative with any cancer 
before the age of 60 years  [23] . Germline mutations of the tumor suppressor gene 
 p53  have been detected in 77% of LFS and 40% of LFL families in the largest single 
study  [24] . In cases of LFS in which no  p53  mutation were found, it has been 
argued that this could be due to failure of detection. However, some LFS or LFL 
families have been found to have germline mutations of other genes, including 
 CHK2  and  SNF5   [25, 26] . Interestingly, mutations of  SNF5  have been particularly 
associated with choroid plexus tumors and atypical teratoid rhabdoid tumors of 
the brain  [27, 28] . 

 Medullary thyroid carcinoma is another malignancy that may arise during child-
hood in families with  multiple endocrine neoplasia type 2  (  MEN2  )  [29] . This par-
ticular type of thyroid carcinoma has been linked to a mutation in the proto - oncogene 
 RET   [30] . 

 Children with   neurofi bromatosis type 1   ( NF1 ) have an increased risk of several 
types of childhood cancer. CNS tumors, especially astrocytoma, are the most fre-
quent among them. For example, the risk of optic nerve glioma (astrocytoma) by 
age 15 years among children with NF1 is markedly increased up to 4 – 5%  [31] . 
Besides CNS tumors, there is a similar relative risk for soft - tissue sarcomas, with 
the excess accounted for by malignant peripheral nerve sheath tumors and rhab-
domyosarcoma  [29] .   Neurofi bromatosis type 2   ( NF2 ) accounts for a much lower 
proportion of childhood cancer than NF1. The most commonly associated CNS 
tumors are meningiomas. 



  Turcot ’ s syndrome  includes two distinct groups of patients with brain tumors 
and colorectal polyposis or cancer  [32] . The fi rst encompasses children with 
gliomas, usually high - grade astrocytomas, and colorectal adenomas without pol-
yposis, and their siblings with glioma and/or colorectal adenoma. The risk of a 
brain tumor in members of families with hereditary nonpolyposis colorectal 
cancer is about fi ve times that in the general population  [33] . The second group 
encompasses children with brain tumors that are usually medulloblastomas and 
occur in members of  familial adenomatous polyposis  ( FAP ) families. Hepatoblas-
toma is about 100 times commoner in FAP families than in the general population 
 [34] . 

 The proportion of childhood medulloblastoma due to  Gorlin syndrome  is 2 – 3% 
 [35] . A characteristic feature of these medulloblastoma is their desmoplastic 
subtype  [35, 36] .  

  26.3 
 Non - Neoplastic Genetic Syndromes Associated with Childhood Cancer 

 Besides these familial neoplastic syndromes that are associated with childhood 
cancers, there are also some non - neoplastic genetic syndromes that harbor an 
increased risk of cancer occurrence during childhood (Table  26.2 ).   

 Among these, two syndromes that involve the Wilms ’  tumor suppressor gene 
 WT1  are probably the best known ones. Over one third of children with  Wilms ’  
tumor, Aniridia, Genitourinary Anomalies and Mental Retardation (WAGR) 
syndrome  develop Wilms ’  tumor  [37] . Patients with WAGR syndrome develop 
Wilms ’  tumor in addition to aniridia, genitourinary abnormalities, and mental 
retardation. A much higher risk of Wilms ’  tumor is also found in patients with 
 Denys – Drash syndrome   [37] . Both syndromes usually occur sporadically. Also 
associated with Wilms ’  tumor are the  Simpson – Golabi – Behmel syndrome  and the 
 Perlman syndrome   [38, 39] . 

  Beckwith – Wiedemann syndrome  is the most common overgrowth syndrome 
that is linked to childhood cancer  [40] . The most frequent type of cancer for 
children with Beckwith – Wiedemann syndrome is Wilms ’  tumor  [40, 41] . In 
addition, the risk of developing hepatoblastoma, neuroblastoma, and pancreato-
blastoma is increased in these patients  [40, 41] . The cumulative cancer risk for 
one of these cancers is elevated up to 10% by age 4 years  [40] . Moreover, 
hemihypertrophy, as part of the Beckwith – Wiedemann syndrome or alone, is 
associated with Wilms ’  tumor, adrenocortical carcinoma, and hepatoblastoma 
 [42] . Rhabdomyosarcoma and bladder carcinoma are the typical types of cancers 
that may arise in children with  Costello syndrome   [43] . Patients with  tuberous 
sclerosis  typically develop brain tumors in childhood  [44, 45] . Hepatocellular 
carcinoma is characteristically seen in children with  tyrosinaemia   [46] . For  Sotos 
syndrome , no uniform pattern of malignancies can be listed, since a wide variety 
of childhood cancers has been associated with this syndrome  [47, 48] .  
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  26.4 
 Numerical Chromosome Abnormalities Associated with Childhood Cancer 

 There are several numerical chromosome abnormalities that harbor an increased 
risk of childhood cancer (Table  26.3 ).  Down syndrome  is not only the best known 
of these, but also accounts for the largest number of cases. To this end, markedly 
elevated relative risks of leukemia have been reported with an up to 50 - fold rise 

 Table 26.3     Numerical chromosome abnormalities associated with childhood cancers. 

  Syndrome    Childhood cancers  

  Down syndrome (Trisomy 21)    Leukaemia, germ - cell tumors  
  Trisomy 18    Wilms ’  tumor  
  Turner syndrome (45,X)    Neuroblastoma, Wilms ’  tumor  
  Klinefelter syndrome (47,XXY)    Germ - cell tumors  

 Table 26.2     Non - neoplastic genetic syndromes associated with childhood cancers. 

  Syndrome    Inheritance    Locus    Gene    Childhood cancers  

  WAGR syndrome    Sporadic    11p13     WT1     Wilms ’  tumor  

  Denys – Drash syndrome    Sporadic    11p13     WT1     Wilms ’  tumor  

  Simpson – Golabi – Behmel 
syndrome  

  X - linked    Xq26     GPC3     Wilms ’  tumor  

  Perlman syndrome    ?    11p    ?    Wilms ’  tumor  

  Beckwith – Wiedemann 
syndrome  

  Sporadic/AD    11p15    Complex    Wilms ’  tumor, 
hepatoblastoma, 
neuroblastoma, 
pancreatoblastoma  

  Costello syndrome    AD    11p15?a    ?    Rhabdomyosarcoma, 
bladder carcinoma  

  Tuberous sclerosis    AD    9q34     TSC1     Subependymal giant 
cell astrocytoma  

      16p13     TSC2       

  Tyrosinaemia    AR    15q23 - 25     FAH     Hepatocellular 
carcinoma  

  Sotos syndrome    Sporadic    5q35     NSD1     Various  



in the fi rst 5 years of life and a 10 - fold increase in the next 10 years  [49, 50] . The 
most common form of leukemia in children with Down syndrome is ALL followed 
by AML. What is less well known is that there is also an increased risk of germ - 
cell tumors in these patients  [49, 51, 52] .  Trisomy 18  is characterized by a higher 
risk of Wilms ’  tumor than expected  [53] . Neuroblastoma and Wilms ’  tumor may 
arise more frequently in patients with  Turner syndrome   [54, 55] , however, the 
evidence for this association needs to be confi rmed by large studies. Germ - cell 
tumors, especially those localized in the mediastinum, may point to  Klinefelter 
syndrome   [56] .    

  26.5 
 Inherited Immune Defi ciency Syndromes Associated with Childhood Cancer 

 It is also known that the risk of childhood cancer is elevated in several inherited 
immune defi ciency syndromes (Table  26.4 ). In particular, such patients carry an 
increased risk of developing lymphomas and leukemias. However, since inherited 
immune defi ciency syndromes are rare, these malignancies account only for a very 
small proportion of all childhood cancers. The most frequent type of inherited 
immune defi ciency syndrome that is associated with childhood cancer is  Ataxia 

 Table 26.4     Inherited immunodefi ciency syndromes associated with childhood cancer. 

  Syndrome    Inheritance    Locus    Gene    Childhood cancers  

  Ataxia telangiectasia    AR    11q22     ATM     Lymphoma, leukaemia  

  Wiskott – Aldrich syndrome    X - linked    Xp11     WAS     NHL  

  Bloom syndrome    AR    15q26     BLM     NHL, Wilms ’  tumor, 
osteosarcoma  

  Common variable 
immunodefi ciency  

  Various    Various    Various    Lymphoma  

  X - linked 
agammaglobulinaemia  

  X - linked    Xq21 - 22     BTK     Lymphoma  

  IgA defi ciency    AD    6p21     IGAD1     Lymphoma  

  Severe combined 
immunodefi ciency  

  X - linked    Xq13     IL2RG     Lymphoma  

  Duncan disease    X - linked    Xq25    Various    Lymphoma  

  Nijmegen breakage 
syndrome  

  AR    8q21     NBS1     NHL  
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telangiectasia . In this disease, more than 10% of affected children develop leukemia 
or lymphoma before 15 years  [57] .  Wiskott – Aldrich syndrome  is known for a higher 
risk of Non-Hodgkin Lymphoma (NHL)  [58] . The relative risk of leukemia and 
NHL is also increased in a number of rare syndromes, including  Bloom syndrome, 
common variable immunodefi ciency syndrome, X - linked agammaglobulinaemia, IgA 
defi ciency ,   severe combined immunodefi ciency   ( SCID ),  Duncan ’ s disease , and  Nijmegen 
breakage syndrome   [59 – 61] . In patients with Bloom syndrome, Wilms ’  tumor and 
osteosarcoma are unusual tumors that may occasionally occur  [60] . In a gene 
therapy trial for children with SCID, 20% developed T - cell ALL, possibly due to 
insertional oncogenesis  [62] .    

  26.6 
 Inherited Bone Marrow Failure Syndromes Associated with Childhood Cancer 

 There are also several inherited bone marrow failure syndromes that have been 
linked to an increased risk of childhood cancer (Table  26.5 ), for example,  Fanconi 
anemia, Diamond – Blackfan anemia  and  Shwachman – Diamond syndrome . Patients 
with Fanconi anemia harbor an increased risk of AML or myelodysplasia  [63, 64] . 
There are some indications that children with Diamond – Blackfan anemia have an 
elevated risk of AML and osteosarcoma  [65] . Shwachman - Diamond syndrome has 
been reported to show an increased risk of AML  [66] .    

 Table 26.5     Inherited bone marrow failure syndromes associated with childhood cancer. 

  Syndrome    Inheritance    Locus    Gene    Childhood cancers  

  Fanconi anemia    AR    16q24     FANCA     AML  
  Diamond – Blackfan anemia    Various    Various    Various    AML  
  Shwachman – Diamond syndrome    AR    7q11     SBDS     Myelodysplasia  

  26.7 
 Conclusions 

 Overall, childhood cancer is rare everywhere in the world and even less frequent 
are cases that can be accounted for by known hereditary syndromes. Over recent 
decades, there have been rapid advances in our understanding of the molecular 
basis of inherited cancer susceptibility syndromes in childhood. Genetic testing is 
available for many conditions and is an important aspect in the care of patients 
and their families. In many cases, this will improve the management of relatives 
that are at risk or provide information about the possible course of the disease. 
These advancements are likely to provide long - term benefi ts for families affected 
by hereditary cancer syndromes.  
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  As for sporadic tumors, recent studies have improved our understanding of the 
genetic background of hereditary tumors of soft tissue and bone. A large number 
of syndromes associated with neoplasms is well - known and is becoming more 
precisely characterized. The knowledge of the Mendelian inheritance of different 
diseases is the prerequisite for counseling of patients and relatives to prevent life -
 threatening stages of disease by early recognition and appropriate treatment. Fur-
thermore, the knowledge of which pathways might be involved in the development 
of specifi c soft tissue and bone tumors will probably help to also better understand 
sporadic tumors. 

 The minority of bone and soft tissue tumors is due to inherited susceptibility, 
often associated with syndromes. In the following chapter, several syndromes with 
known or highly suspected underlying genetic causes are described, whereas rare 
groups with a very low incidence are not. As such, the list is not complete and 
preferentially comprises the most common syndromes. The overlap with other 
chapters concerning familial syndromes is not avoidable, but this chapter focuses 
on the tumor manifestations in soft tissue and bone.      

  27.1 
 Epidemiology 

  27.1.1 
 Incidence of Soft Tissue and Bone Sarcomas in General 

 Soft tissue tumors amount to less than 1% of all malignant tumors, with an annual 
incidence of up to 30 per million. The frequency of bone tumors, with 0.2% of all 
neoplasms, is even lower  [1]  ( http://seer.cancer.gov/csr/1975_2004/ , based on 
the November 2006 SEER data submission, posted to the SEER web site, 2007). 
Comparing the subgroup of  bone sarcomas  ( BS ) with  soft tissue sarcomas  ( STS ), 

Summary
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the fi rst may occur at a rate of approximately one - tenth of the latter. In both groups, 
benign tumors of soft tissue and bone by far outnumber malignant lesions.  

  27.1.2 
 Mortality 

 The mortality in STS and BS highly depends on the histomorphological subtype 
and, as in other malignancies, on the stage at primary diagnosis. More details are 
given with the different tumor entities.  

  27.1.3 
 Proportion of Hereditary Tumors 

 The number of cases with STS or BS, occurring on a familial or inherited basis, 
is low. However, the intensive study of underlying genetic predispositions may 
highlight the pathogenesis of sporadic tumors also, which seems worthwhile, 
especially considering there is little knowledge about the nature of both tumor 
groups. Furthermore, bone tumors occurring in a syndromal or familial setting 
during childhood may be precursors of BS in adults, the risk depending on the 
underlying syndrome. For example, whereas enchondromatosis and the familial 
retinoblastoma syndrome are associated with a high risk, other lesions such 
as polyostotic Paget disease or multiple osteochondromas are thought to be 
correlated with a moderate, and fi brous dysplasia with a low risk of malignant 
transformation.   

  27.2 
 Syndromes 

   Familial adenomatous polyposis   ( FAP , Gardner ’ s syndrome) is described in 
detail elsewhere in this book (see also Chapter  16  on gastrintestinal polyposis 
syndromes  ). Its estimated frequency is between 1   :   7000 and 1   :   30   000. Besides the 
occurrence of multiple colorectal polyps with an increasing risk to progress to 
colorectal cancer, polyps may also develop in the upper gastrointestinal tract and 
malignancies may occur at other sites such as brain or thyroid. Furthermore, more 
than 50% of patients develop abnormalities in the facial bones (such as dental 
abnormalities and osteomas) and, in a much lower percentage, fi bromatoses from 
the desmoid type (Figure  27.1 ). Furthermore, since the fi rst description of Gard-
ner ’ s syndrome in the 1950s, there have been numerous descriptions of other 
associated soft tissue or bone tumors such as lipomas  [2] , fi brous dysplastic lesions 
 [3] , familial infi ltrative fi bromatosis  [4] , fi bromatous mesenteric plaques similar 
to Gardner ’ s fi broma  [5, 6] , juvenile nasopharyngeal angiofi broma  [7] , and rhab-
domyosarcoma  [8] .   

 The frequency of  desmoid fi bromatosis  associated with FAP is estimated to be 
around 10%. Numerous studies have recognized this association  [9 – 12] . Distinct 
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mutational subtypes in the APC gene are associated with a higher frequency of 
desmoids whereas mutations in the  β  - Catenin gene are frequently found in spo-
radic forms of fi bromatosis  [13] . The nuclear expression of  β  - Catenin as detectable 
by immunohistochemistry is one major diagnostic parameter to divide fi bromato-
sis from other spindle cell tumors (Figures  27.2  and  27.3 ). Gardner ’ s fi broma is 
now recognized as an initial event often preceding the development of adenoma-
tous polyps and sometimes coincides with fi bromatosis. A subgroup of patients 
presenting with familial infi ltrative fi bromatosis also carry germline mutations in 
the APC gene but lack colonic polyps. For lesions such as nasopharyngeal angio-
fi broma and rhabdomyosarcoma  [14] , it is still not clear whether these tumors 
occur as part of the syndrome or if they are sporadic.   

 Bone tumors occurring in association with FAP are benign and thought to be 
dysplasias rather than true neoplasms, since they never evolve into other bone 
tumors such as osteoblastomas or BS. Osteomas consist of mature lamellar bone 
developing in the fl at bones of the head, and again are often associated with 

    Figure 27.1     Macroscopic aspect of a desmoid tumor: whorled 
fi brous cut surface at cut margins and poorly defi ned margins 
to the surrounding skeletal muscle.  

    Figure 27.2     Microscopic fi ndings in an abdominal 
fi bromatosis: spindled or stellated cells with bland nuclei 
(HE, 20    ×    obj.).  
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particular APC mutational subtypes  [15] . APC gene mutations in FAP are inherited 
autosomally dominant with an almost complete penetrance. About 20% of patients 
are thought to carry  de novo  mutations because of no family history  [16] . More 
details about function and mutations of the  APC  gene can be found in Chapter 
 16    of this book. 

 The   Beckwith – Wiedemann syndrome   ( BWS ) is also termed  EMG  ( exomphalus - 
macroglossa - gigantism  syndrome) syndrome. Elliot and DeBaun  [17, 18]  have 
proposed clinical criteria for the BWS diagnosis, with Elliot being more strict than 
DeBaun. For the fi rst, major features are abdominal wall defects, macroglossia, 
increased pre -  and/or postnatal growth, and minor features are ear creases or pits, 
naevus fl ammeus, hypoglycaemia, nephromegaly, and hemihypertrophy. Patients 
with three major features or two major and at least three minor features are 
thought to be BWS patients. For the latter, two of the most common fi ve parame-
ters are enough. Patients with BWS have an increased risk to mostly develop 
intra - abdominal tumors such as Wilms tumor (see also Chapter  14  on Wilms and 
rhabdoid tumors of the kidney), adrenocortical carcinoma, rhabdomyosarcoma, 
and hepatoblastoma. Furthermore, myxomas, fi bromas, and hamartomas have 
been described. The majority of tumors develop during childhood. 

 BWS is characterized by a number of involved genes that are subject to genomic 
imprinting  [19] . A maternal transmission is predominant and the genetic changes 
map to chromosome 11q15. In this region, translocations, LOI, and gene muta-
tions may occur, leading to imprinting of the encoded genes. As three different 
regions within 11p13.5pter could be identifi ed, BWS can be subgrouped into 
BWSCR1, 2, and 3, depending on the involved genomic region. Phenotypic differ-
ences between the different types have been already identifi ed. One gene known 
to be involved at least indirectly is  KCNQ1 , which encodes a potassium channel. 
The closely related  KCNQ1OT1 , which is transcribed from this region in an anti-
sense orientation shows a high degree of methylation in a high percentage of BWS 
cases. In other cases, heterozygous mutations of the  CDKN1C  gene, encoding an 
inhibitor of cyclin - dependent kinases, have been found which may be associated 

    Figure 27.3     Strong nuclear immunohistochemical expression 
of  β  - Catenin in fi bromatosis (Transduction Laboratories, 
Lexington, KY, USA; 20    ×    obj.).  
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with specifi c phenotypes. Finally, there are reports about an involvement of  insulin 
growth factor 2  ( IGF2 ) and its downstream interactor H19, since mouse models 
overexpressing IGF2 show a phenotype overlapping with BWS. It is important to 
know that BWS exists also in a mosaic form in the case of uniparental disomy, 
leading to aberrant methylation of  KCNQ1OT1  with or without aberrant methyla-
tion of H19/IGF2. H19 methylation defects seem to be associated with an increased 
risk of tumor development. Regional differences concerning epigenetic and genetic 
alterations are described  [20] . For BWS, see also other chapters of this book, espe-
cially Chapter  14  on Wilms and rhabdoid tumors of the kidney). 

  Enchondromatosis  can occur with two different phenotypes.  Ollier ’ s disease  is 
characterized by the development of multiple cartilaginous lesions, preferentially 
involving the short and long tubular bones of the limbs. If these bone lesions are 
found in combination with haemangiomas in the cutis, soft tissue, or viscera, it 
is called  Mafucci syndrome . The majority of cases occur sporadically, but families 
with multiple affected members have also been described, suggesting an autoso-
mal dominant inheritance with variable penetrance  [21] . Both subtypes of enchon-
dromatosis usually present in childhood and stop growing at puberty. However, 
for patients with Malfucci syndrome, the risk to develop a chondrosarcoma during 
adulthood is higher than for those with Ollier ’ s disease. Renewed enlargement of 
the tumors in adults is highly suspect for malignant transformation. Altogether, 
the estimated risk to develop a chondrosarcoma is 15 to 30%. Some patients 
may develop angiosarcomas, brain tumors, and tumors of the hepatobiliary 
system  [22] . 

 Molecular genetic analysis in patients with Ollier ’ s disease revealed mutations 
of the  PTHR1  gene encoding a receptor for parathyroid hormone and parathyroid 
hormone - related protein. The result may be an increased cAMP signaling and a 
constitutively activated hedgehog signaling leading to a decreased differentiation 
of proliferating chondrocytes. Models with transgenic mice substantiate this 
hypothesis  [23] . 

 Another group of genes involved in the development of normal cartilage are the 
 EXT  genes. The syndrome of  multiple osteochondromas  ( MO ) is genetically het-
erogeneous, with different mutations in the  EXT  genes. The incidence is about 
1   :   50   000 persons. More than half of the patients with multiple osteochondromas 
report a positive family history. The diagnosis can be made with at least two lesions 
in the long bones in the juxta - epiphyseal region. Osteochondromas develop during 
the fi rst decade of life, and grow until puberty. The long bones of the extremities 
are predisposed, especially around the knees. Furthermore, patients may develop 
complex deformities and abnormalities in other long bones, often leading to short 
stature  [24 – 26] . In 0.5 to 3% of patients, osteochondromas may transform to sec-
ondary chondrosarcoma, which has to be suspected in cases with growing lesions 
after puberty, pain, or increasing thickness of cartilaginous caps in adults. If an 
osteochondroma transforms, it results in chondrosarcoma in the vast majority of 
cases, while secondary osteosarcoma and spindle cell sarcomas are very rare. The 
latter develop in the stalk of the osteochondroma, while chondrosarcomas develop 
in the cap. A dedifferentiation of these chondrosarcomas into high grade lesions 
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such as fi brosarcoma, malignant fi brous histiocytoma/pleomorphic high grade 
sarcoma, or osteosarcoma, occurs very rarely. 

 The gene products of EXT 1 and 2, exostosin 1 and 2, are type II transmembrane 
glycoproteins, which form an oligomeric complex involved in heparan sulfate 
polymerization. Heparan sulfate proteoglycans are required for fi broblastic growth 
factor interaction with its receptor. Furthermore, it is suspected that exostosin - 1 
and 2 infl uence the Indian hedgehog pathway, which is important for segment 
polarity in the growth plate. Germline mutations in one of both genes are most 
often located in the fi rst 5 to 6 exons of the genes, without mutational hotspots. 
The genes are located on chromosome 8q24 (EXT 1) and chromosome 11p11 – 12 
(EXT 2). All known mutational subtypes such as missense, splice - site, non - sense, 
or frameshift mutations may be found, leading to defects of the EXT function 
 [27] . Other studies found evidence of a tumor suppressor gene function, since 
losses of the remaining wildtype allele have been identifi ed in a subgroup of 
patients  [28] . 

   Paget ’ s disease of bone   ( PDB ) is a disorder with a predilection for older individu-
als. Over the age of 50 years, 2 to 3%, and over the age of 80 years, 10% of the 
population are affected by PDB, respectively. The symptoms are variable, varying 
from asymptomatic cases to signifi cant morbidity. The most severe complication 
is the sarcomatous transformation of affected bone. Familial clustering has been 
observed in a subgroup of cases. Several reports in the literature describe pagetoid 
osteosarcomas with an autosomal dominant trait. The identifi cation of the exact 
gene locus is still missing; however, several regions are highly suspected to be 
involved as indicated by linkage analyses and the detection of losses of heterozy-
gosity: these are chromosome 18q21, involving a gene named  TNFRSF11A , encod-
ing the  receptor activator of factor NF kappa  B ( RANK ), and the chromosomal 
regions 5q31 and 5q35  [29] . Several mutations affecting different RANK - NF - kappa 
B signaling components have been identifi ed, probably involving aberrant RANK -
 mediated osteoclast signaling. Other potential contributors, such as viruses and 
environmental factors, still have to be identifi ed  [30] . The region 18q21 has fi rst 
been identifi ed as involved in the pathogenesis  of  familial expansile osteolysis, 
which is a very rare disease with similiarities to PDB, in which osteosarcomas may 
develop. Further studies are needed to identify further candidate genes potentially 
functioning as tumor suppressor genes. 

 The  Retinoblastoma syndrome  (see also Chapter  7  on retinoblastoma), besides 
the most common intraocular tumor of children, is associated with the frequent 
occurrence of secondary site primary tumors including osteosarcomas, fi brosar-
comas, chondrosarcomas, Ewing sarcomas, and several non - sarcomatous neo-
plasms. Osteogenic sarcomas are the most frequent second site neoplasms. More 
recent studies found that the occurrence of such secondary neoplasms is similar 
in groups receiving radiation, and those without previous radiation  [31, 32] . 

 The   Carney triad   ( CT ) consists of  gastrointestinal stromal tumors  ( GISTs ), 
multiple pulmonary chondromas, and functionally active extra - adrenal paragan-
gliomas. CT is an extremely rare syndrome, with fewer than 30 cases reported with 
all three tumors present, and fewer than 100 incomplete cases presenting with 
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two of the three tumor types (usually GISTs and chondromas). The syndrome 
predominately affects females ( > 80% of cases), with the fi rst tumor often appear-
ing between 10 and 20 years of age in the stomach. Paragangliomas are rare 
tumors arising from neural - crest - derived chromaffi n cells. These cells are located 
in certain areas of the head, neck, and torso. Paragangliomas may raise blood 
pressure by producing adrenalin. Pulmonary chondromas are benign cartilagi-
nous lung tumors, also known as chondromatous hamartomas. The GISTs in CT 
are usually located in the stomach  [33, 34] . Because GISTs often precede the occur-
rence of other tumors types of this syndrome, all pediatric GIST cases should be 
considered as potential CT cases. These GISTs are typically multifocal (displaying 
more than one tumor nodule, Figure  27.4 ), and show an epithelioid phenotype. 
The prognosis is better than in adult GIST, with a slow course of progression even 
after metastasis has occurred. However, repeated surgeries may be required due 
to recurring tumors.   

 Recently Carney  [33]  described two other conditions (adrenocortical adenoma 
and esophageal leiomyoma) as additional components occurring in some triad 
patients. Furthermore, in 2002 he described another hereditary syndrome with 
paragangliomas and multifocal GIST, but without pulmonary chondromas in 5 
distinct families with an average onset age of 23. He concluded that this syndrome 
is different from the classical CT  [35] . This dyad of paraganglioma and GIST was 
later called  Carney – Stratakis syndrome  (see also Chapter  18  on gastrointestinal 
stromal tumors (GISTs)). GIST samples from two Carney triad patients have been 
tested for mutations in the  KIT  and  PDGFR  α  gene, which are known to be respon-
sible for the vast majority of sporadic GISTs  [36 – 38] , but none were found. Glivec 
(Novartis, Basel, Switzerland) had no apparent effect on liver metastases in the 
patient described by Diment  et al .  [36] . However, Delemarre  et al .  [39]  did report 
a case for whom Imatinib (Glivec) was effective. Very recently, it could be shown 
that germline mutations of the genes encoding the succinate dehydrogenase 

    Figure 27.4     Multinodular growth pattern of a gastrointestinal 
stromal tumor in Carney triad (HE, 1    ×    obj).  (Courtesy of 
H. U. Schildhaus, Department of Pathology, University of 
Bonn, Medical School, Germany ).  
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subunits B, C, and D (SDHB, SDHC, and SDHD) were found in fi ve different 
kindreds with this dyad, obviously implicating an autosomal dominant inheritance 
 [40] . These mutations had been already described by Bayley  et al . in familial para-
ganglioma and/or pheochromocytoma  [41]  and seem to play a pathogenetic role 
in these diseases, needing further clarifi cation. 

 The   Rothmund – Thomson syndrome   ( RTS ), at least in a subset of cases, is 
associated with inherited mutations in the  RECQL4  helicase gene, and has an 
autosomal recessive trait. More than 250 cases have been described until now. The 
central feature is a sunset - dependent rash occurring during the fi rst 6 months 
after birth. It is located on the face, the buttocks, and extremities. With time, 
patients develop hyper -  and hypo - pigmentations, skin atrophy, and teleangiekta-
sias. Besides abnormalities of the skin, hair, eyes, nails, and skeleton, up to 
one - third of patients develop osteosarcomas, the majority during childhood. Fur-
thermore, cutaneous malignancies are observed (see also Chapter  4  on genetic 
dysmorphic syndromes leading to tumorigenesis). 

 Genetically, a subgroup of RTS patients carry different types of mutations in 
the  RECQL4  helicase gene on chromosome 8q24.3. Its gene product is highly 
expressed in the thymus and testis and, to a lower level, in multiple other tissues. 
There is an overlap with Bloom and Werner syndromes due to homology of the 
genes. 

 The   Werner syndrome   ( WS ) is a rare autosomal recessive genetic instability 
syndrome, which is caused by mutations in the  WRN  gene  [42] . Its frequency is 
estimated to be between 1   :   22   000 and 1   :   1   000   000 per population, varying with the 
founder mutations and consanguinity. It is characterized by a progeria in the 
second and third decade of life, associated with an increased risk to develop neo-
plastic and non - neoplastic diseases. Patients develop STSs and thyroid cancer 
of different histological subtypes, melanomas, meningiomas, haematological dis-
eases, and osteosarcomas. It is estimated that the risk to develop such neoplasms 
is elevated 30 - fold as compared to the normal population. To identify patients 
with WS, a scoring system has been developed that can be found on the Interna-
tional Registry of Werner Syndrome Web site: ( www.pathology.washington.edu/
research/werner/registry/diagnostic.html ). 

 As previously mentioned, there is an overlap with Bloom syndrome and Roth-
mund – Thomson syndrome, since all syndromes are associated with a loss of 
function of a human RecQ helicase protein. This protein encodes for both DNA 
helicase and exonuclease activities  [43] , and is likely to play an important 
physiological role in homologous recombinational repair in human somatic cells 
 [44, 45] . 

 The   Li – Fraumeni syndrome   ( LFS ) is characterized by an increased risk for many 
cancers, including sarcomas, leukemia, breast cancer, ovarian cancer, and others 
(see also Chapter  5  on hereditary brain tumors). The patients develop multiple 
primary neoplasms, already in childhood and as young adults. There is a predomi-
nance of STS, osteosarcomas, breast cancer, brain tumors, leukemia, and adreno-
cortical carcinomas  [46] . In 2007, more than 380 families with proven LFS were 
registered in the IARC database ( http://www_p53.iarc.fr/Germline.html ). 
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 The diagnostic criteria for LFS are the occurrence of sarcomas before the age of 
45, at least one fi rst - degree relative with any tumor before the age of 45, and a 
second -  or fi rst - degree relative with cancer before age 45 or a sarcoma at any age 
 [47] . Patients with LFS often develop breast cancer at an earlier age than the 
normal population, probably with a worse prognosis. The next most frequent 
cancers are brain tumors and sarcoma of soft tissue or bone. 

 The majority of LFS cases are caused by a  TP53  germline mutation located on 
chromosome 17p13.1. Its gene product p53 belongs to the family of tumor sup-
pressors. The gene is composed of 11 exons. Its gene product is expressed in most 
cell types, but does not accumulate due to rapid turnover. Under stress, p53 is 
released from negative control of MDM2, which regulates its degradation by 
post - translational modifi cations. It may then accumulate in the nucleus where 
it may act as a transcription factor for several gene types: these are cell - cycle regula-
tory, pro - apoptotic, and DNA - repairing genes. As a consequence, two different 
mechanisms of cellular responses may be modulated. First, cell - cycle arrest leads 
to DNA repair after different forms of cellular stress. Second, apoptosis is induced 
in damaged cells which cannot be repaired effi ciently. If the mutation leads to an 
inactivation of these mechanisms, the number of damaged cells increases continu-
ously. Mutations of the  TP53  gene are also frequently found in sporadic cancers, 
the majority clustering between exons 5 and 8 encoding the DNA binding domain. 
There are several mutational hotspots (codons 175, 245, 248, 273, and 282), which 
carry missense or non - sense mutations due to single base substitutions. In 
families with germline mutations, a subgroup fulfi ls the strict criteria of LFS, 
but others do not fall into the strict criteria and thus are called Li – Fraumeni - like 
syndrome. The mutational hotspots are identical to the sporadic cases.  [48] . 

 Another gene which might be involved in the pathogenesis of LFS is  CHEK2  
located on chromosome 22q12.1. It has 14 exons, with exon 10 to 14 also often 
found in other regions of the whole genome due to duplication. To avoid errors 
when looking for germline mutations, it is important to run long - range PCRs, 
with primers located outside of this duplicated region. As  p53, CHEK2  is involved 
in the control of cell/DNA damage by causing cell - cycle arrest, DNA repair, or 
apoptosis. There are several downstream substrates such as  p53, BRCA1, Cdc25A , 
and  Cdc25C . Further studies are needed to rule out the possibility of polymor-
phisms or mutations in this gene. Until now, no germline mutations have been 
found in other possible candidates in patients without  p53  mutations such as 
 PTEN  or  p16 . 

   Neurofi bromatosis   ( NF ) (see also Chapter  6  on neurofi bromatosis) results in 
developmental changes in the nervous system, causing nerve sheath tumors. 
Other abnormalities associated with neurofi bromatosis include skin changes, 
bone deformities, GISTs, and somatostatin - producing tumors in the gastrointes-
tinal tract. The latter tumors may be associated with phaeochromocytomas, 
involving one or both of the adrenal glands  [49] .  Neurofi bromatosis type 1  ( NF1 ) 
is an autosomal dominant disease characterized by multiple neurofi bromas, 
 malignant peripheral nerve sheath tumors  ( MPNST ), optic nerve gliomas and 
other astrocytomas, multiple caf é  - au - lait spots, freckling in the axilla and groin, 
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iris hamartomas, and different lesions of the bone. With two or more of these 
symptoms, an NF1 patient can be diagnosed. The prevalence is estimated at about 
1   :   4000, with 50% of cases resulting from new germline mutations. 

 Neurofi bromas may occur in the dermis as well circumscript tumors, but may 
also be plexiform, growing over years and deforming the body. About 5% of plexi-
form tumors transform to MPNST, whereas this transformation is very rare in 
other types of neurofi bromas. Besides MPNST, tumors may include heterologous 
differentiations, then being called Triton tumors, which are highly characteristic 
for NF1  [50] . The risk for the development of rhabdomyosarcoma is increased. 
Furthermore, patients with NF1 may develop multiple GISTs and may present 
with up to 100 nodules in the gastrointestinal wall, preferentially in the small 
bowel (Figure  27.5 ). The prevalence of GISTs is about 5 to 25% in the NF1 popula-
tion  [51, 52] . GISTs in NF1 usually do not show mutations in the  c - KIT  gene or 
the  PDGFR a   gene, and have normal or wildtype  KIT  and  PDGFRA   [53] . One 
exception involving a patient with an exon 11 mutation in  c - KIT  was described by 
Yantiss  et al .  [54] . Cheng  [55]  also reported one mutant case. Takazawa  et al .  [56]  
reported mutations in at least one tumor from 3 of 9 NF1 patients investigated. 
Both  KIT  and  PDGFRA  mutations were identifi ed. Different tumors from a single 
patient showed different mutations, and it was observed that the same patient 
could have both, GISTs with mutations and other tumors that were wildtype. 
When  KIT  or  PDGFRA  mutations are found, they apparently are a late, but not 
necessary pathogenetic event. Andersson  et al .  [57]  discussed the possibility that 
NF1 inactivation could lead to constitutive activation of RAS and increased MAP 
kinase signaling. Maertens  et al .  [58]  also demonstrated that inactivation of neu-
rofi bromin was suffi cient to hyperactivate the MAPK pathway, which is more 
important in NF1 GISTs than in sporadic GISTs. A subgroup of patients with 
multiple GISTs in the small bowel, lacking neurofi bromas in other locations or 
other typical NF1, signs are thought to carry mutations in the  NF1  gene in a mosaic 
pattern, because of morphologic similarities with typical NF1 cases. However, this 
has not been proven until now. More details regarding other tumor manifestations 
and the genomic fi ndings are found in the Chapter  6  on neurofi bromatosis.   

    Figure 27.5     Multiple synchronous GIST of the small bowel. 
( Courtesy of R. Stiens, Institute of Pathology, Gummersbach, 
Germany ).  
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  Neurofi bromatosis type 2  ( NF2 ) is not further mentioned, since besides benign 
neural tumors, soft tissue or bone sarcoma are not typical for this syndrome. 

  27.2.1 
 Prevention/Prediction 

 To date, one of the most important prerequisites to lower the mortality of heredi-
tary sarcoma is early detection. Especially for the group of sarcomas which are 
rare, the recognition of an inherited trait is of central relevance. The physician has 
to know the syndromes of concern, and has to be aware of the possibility that an 
aggregation of sarcomas in one family is highly suggestive for inheritance. As a 
result, referral to a hereditary cancer consultation center with genetic counseling 
and DNA testing might be helpful to identify family members at risk  [59] . These 
will need a special survey depending on the results of the genetic testing and 
on the underlying syndrome to achieve the diagnosis of a tumor as early as 
possible.   
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  The goal of cancer genetic counseling is to educate counselees about their risk of 
developing cancer, help them to derive the personal signifi cance from cancer 
genetic information, to empower them to make educated, informed decisions 
( “ informed consent ” ) about genetic testing, cancer screening, and cancer preven-
tion, and to support them in coping with the situation. Thus, genetic counseling 
is an integral part of the cancer risk assessment process and should be offered 
before and after genetic testing. In this chapter, different aspects of cancer genetic 
counseling, for example, documentation of the pedigree and the medical history 
of the family, tailored information giving, shared decision - making regarding 
genetic testing, risk assessment tools, interaction with other specialists, and trans-
mission of the information within the family, are discussed.      

  28.1 
 Introduction 

 Cancer is a genetic disease caused by mutations in genes that are involved in 
the regulation of cell growth, differentiation, and survival. Mutations in so - called 
tumor suppressor genes and oncogenes are implicated in carcinogenesis. In 
most cases the disease - causing mutations are induced by age - related factors, as 
the result of life - long environmental exposures, or acquired by chance because 
of DNA replication errors during continuous cell division. Mutations acquired 
in somatic cells (somatic mutations) lead to  sporadic  cancer. On the other hand, 
there are families with an accumulation of specifi c types of malignancies in the 
absence of an identifi able carcinogenic exposure. These cancers are classifi ed 
as  familial  cancers and are caused by germline mutations in so - called cancer 
genes. Familial cancer may be due to a combination of genetic variants and 
transmitted according to a polygenic trait. In this case, close relatives of an 
affected individual are at a moderately increased cancer risk, for example, fi rst -

Summary
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 degree relatives of an affected person usually have double the risk of the general 
population. 

 In contrast, about 5% of cancers are monogenic disorders caused by alterations 
of a single gene. These diseases are classifi ed as  hereditary cancer syndromes . In 
these cancer families, in which the predisposition to a specifi c group of cancers 
is the result of an inherited germline mutation in a cancer - related gene, at - risk 
individuals tend to develop the tumors at an earlier age than individuals with 
sporadic or familial cancer, and they are prone to develop more than one primary 
tumor. Usually, the disease is transmitted from one generation to the other, 
according to the autosomal - dominant pattern of inheritance. That means that 
siblings and offspring of an affected person have a 50% risk of inheriting the 
cancer - predisposing mutation    –    or vice versa a 50% chance to inherit the normal 
allele. Those that have inherited the mutation are at a highly increased risk 
to develop cancer that can approach 90% over a lifetime. Recently, hereditary 
cancer syndromes transmitted according to the autosomal - recessive pattern of 
inheritance have been identifi ed, for example,  MYH  - associated colon cancer (see 
Chapter  17  on Lynch syndrome (HNPCC)). 

 If the responsible cancer - related gene is known, genetic testing can be offered. 
Identifi cation of the at - risk individuals opens up the chance to improve clinical 
management, that is, to implement screening programs for the early detection of 
cancer prior to the time at which general population screening would be initiated. 
Moreover, preventive measures, like removal of organs such as the bowels in the 
case of FAP, can be discussed. 

 Genetic counseling is an integral part of the cancer risk assessment process 
 [1 – 3] . According to the recommendations of the National Society of Genetic Coun-
selors  [4] , a referral for genetic counseling should be considered for individuals 
with personal or family history features suggestive of familial or hereditary cancer 
and should not be limited to just those individuals who are potential candidates 
for genetic testing. Usage of the pedigree analysis combined with available risk 
assessment models enables the identifi cation of at - risk individuals and facilitates 
the familial cancer syndrome classifi cation. The purpose of cancer genetic counsel-
ing is to educate clients about their risk of developing cancer, help them derive 
the personal signifi cance from cancer genetic information, and empower them to 
make educated, informed decisions ( “ informed consent ” ) about genetic testing, 
cancer screening, and cancer prevention. 

 The over 30 years old and still valid defi nition of genetic counseling published 
by the (American and Canadian) Ad Hoc Committee on Genetic Counseling, 
describes it as  “ a communication process which deals with the human problems 
associated with the occurrence, or risk of occurrence, of a genetic disorder in a 
family. ”  This process involves  “ an attempt to help the individual or family (1) 
comprehend the medical fact and the available management; (2) appreciate the 
way heredity contributes to the disorder; (3) understand the options for dealing 
with the risk of recurrence; (4) choose the course of action which seems appropri-
ate; and (5) make the best possible adjustment to the disorder ”   [5] . This defi nition 
also applies to cancer genetic counseling. 



 Because individuals presenting for tumor genetic counseling can be healthy and 
not affected by cancer, they should not be called patients, but be more appropri-
ately called counselees. 

 The aim of cancer genetic counseling is to support the counselee in assessing 
her/his personal risk of developing cancer and to educate her/him about medical 
and potential behavioral options to decrease their risk. It also includes obtaining 
an informed consent about genetic testing, to provide psychological support, guid-
ance about medical options, and referral to clinical specialists as a means of early 
detection or prevention of cancer. 

 Initially, genetic counseling has been developed as a nondirective approach. The 
reason of this approach is, especially in a situation when no useful medical options 
are available, to avoid the counselee being manipulated by the counselors ’  personal 
preferences. However, in the context of cancer genetic counseling, bearing in 
mind the medical options to improve survival because of the possibility of early 
detection and treatment or even prevention of cancer, a more direct approach may 
be appropriate. Kenneth Offi t, a leading expert in the fi eld of clinical cancer genet-
ics, states  “ For a number of reasons, including the strong presumption of benefi t 
of some cancer screening and early detection options, cancer genetic counseling 
may be more directive than reproductive counseling ”   [6] . 

 In general, counseling should be offered to individuals from families that fulfi ll 
the following criteria: 

   •      Clustering of the same cancer within the family,  
   •      Clustering of cancer typically associated with cancer syndromes,  
   •      Occurrence of cancer in several generations,  
   •      Early age of onset of cancer,  
   •      Multiple primary cancer in one individual,  
   •      Bilateral cancer.    

 Not only the occurrence of the identical cancer, but also the occurrence of cancer 
typically associated with defi ned hereditary cancer syndromes, for example, pan-
creas cancer and melanoma, colon and endometrial cancer, or breast and ovarian 
cancer should be considered. This is a major task of cancer genetic expertise, 
because investigating the family history for cancer occurring in  “ other ”  fi elds is 
often not daily practice for clinical specialists. Cancer developing at least 10 years 
earlier than the average age, and multiple or bilateral cancer in the same individ-
ual, are also indicators of possible hereditary origin. 

 Because different issues and aspects play a role in comprehensive cancer genetic 
counseling, a multidisciplinary approach is recommended. In addition to the 
medical geneticist, a clinical specialist from the respective fi eld should be inte-
grated into the counseling process  [7] . Since a severely elevated cancer risk can 
be associated with psychosocial problems, support from a psychologist familiar 
with oncology should be available (for further details see Chapter  29  on psycho - 
oncologic and aspects of hereditary tumors and predictive testing). 
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 Up to now there have been no data available as to whether a simultaneous 
(a counseling session with both the geneticist and the clinician) or sequential 
counseling approach, that is, meeting the geneticist and the clinician in separate 
sessions, is more appropriate for the counselee. A simultaneous counseling 
session enables questions from the counselee concerning different fi elds to be 
answered at the same time, and prevents different messages from different experts, 
but harbors the risk of overloading the counselee with too much new information 
and makes it more diffi cult to build up a personal relationship. On the other hand, 
the sequential counseling session allows a more personal and confi dential atmo-
sphere to be created, but harbors the risk of non - uniform and therefore confusing 
information.  

  28.2 
 Counseling Process 

 The structure of the cancer genetic counseling process is shown in the fl ow 
diagram (Figure  28.1 ).   

    Figure 28.1     Structure of cancer genetic counseling.  
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  28.2.1 
 First Contact and Counseling Session 

 To initiate the counseling process, the counselee arranges an appointment for the 
fi rst counseling session, usually by telephone. It may be helpful to explain the 
counseling process to the counselees in advance. In particular, they should be 
prepared at an early stage for the fact that uncertainties will often remain. More-
over, in the fi rst counseling session, the motivation for seeking cancer genetic 
counseling should be determined  [8] . Reasons for undergoing genetic counseling 
could be to assess the personal risk or the risk for the children. It should be clari-
fi ed what the counselees ’  goals for the consultation are and what information 
she/he hopes to obtain. These questions are essential to guarantee a  tailored 
information strategy . The aim of tailored counseling is to give all the information 
that best fi ts the relevant needs and characteristics of the individual without over-
loading her/him  [9] . 

 The counselor ’ s role is to educate and inform about genetic and clinical options, 
answer questions about what is known, and suggest appropriate referrals to help 
reach diffi cult decisions. The counselee should be in a situation after the counsel-
ing to undertake shared decision - making (informed consent), that is, for genetic 
testing. 

 The content of a cancer genetic counseling session is (modifi ed according to 
 [10] ): 

   •      Documentation of the family history/drawing a pedigree,  
   •      Taking the medical history of the counselee,  
   •      Classifi cation of medical records,  
   •      If necessary, physical examination of the counselee, or arranging further medical 

examinations,  
   •      Determining an as precise as possible genetic diagnosis,  
   •      Transmission of information to the counselee about:  

   –      Clinical presentation of the disease,  
   –      Clinical outcome, if possible,  
   –      Inheritance,  
   –      Genetic risk for relatives,  
   –      Possible impact of molecular genetic fi ndings for life and family planning,  
   –      Risk - reducing strategies and advice about preventive medical check - ups,    

   •      Support in decision - making  “ informed consent ” ,  
   •      Offer of further assistance (self - help groups, psychologists, clinical specialists),  
   •      Offer of molecular genetic diagnostics, if available,  
   •      Writing a summarizing report of the counseling session.    

 After clarifying the motives for genetic counseling, the collection of the individu-
als ’  personal and the family medical history is the essential fi rst step for cancer 
risk assessment counseling.  
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  28.2.2 
 Documentation of the Pedigree and the Medical History 

 Pedigree documentation is a critical adjunct to taking the family history. The full 
family structure, including all relatives over at least three generations from the 
maternal as well as the paternal line, should be recorded. Absolutely essential 
information for pedigree documentation are: 

   •      At least three generations,  
   •      Gender and age of all relatives (current age or age of death),  
   •      Paternal and maternal line,  
   •      Cancer history of all affected relatives (type(s) of cancer, age at diagnosis, names 

of affected relatives),  
   •      Hospital/pathology records for all relevant cancers,  
   •      Other medical conditions.    

 In practice, it may be advantageous to send the counselee a family history ques-
tionnaire, which can be assembled into a pedigree working draft to be checked 
and updated during the interview. To ensure the greatest extent possible, the data 
collection should include the hospital records of the affected individuals, pathology 
records and, in special circumstances, histological sections or paraffi n blocks to 
confi rm diagnoses. If the counselee is not able to acquire these documents, the 
counselor should help to obtain them after receiving the signed release forms from 
the relatives. 

 It should be stated during the counseling session that the interpretation of a 
pedigree may change dramatically after the change in health status of even one 
family member.  

  28.2.3 
 Risk Calculation 

 Family history as evidenced in the pedigree provides the most important infor-
mation to assess the individual cancer risk. For some cancer syndromes, criteria 
defi ned by international expert committees, for example, the Amsterdam and 
Bethesda criteria in the case of hereditary non - polyposis colorectal cancer (see 
Chapter  17  on Lynch syndrome (HNPCC)), or the LFS criteria originated from 
Li and Fraumeni ’ s published work in the case of Li – Fraumeni syndrome  [11] , 
are available to facilitate the diagnosis of a hereditary cancer syndrome. These 
criteria are based on the occurrence of defi ned malignancies in fi rst - degree 
relatives, and on age of onset. Families that fulfi ll these criteria are generally 
accepted to have hereditary cancer. However, the opposite is not true, thus 
making it very diffi cult in some family constellations to decide whether a 
repeated occurrence of cancer in a family is due to a random accumulation of 
sporadic cancer, due to a polygenic background leading to a moderately increased 
risk, or whether cancer has indeed developed due to a monogenic hereditary 
cancer syndrome. 
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 In the case of hereditary breast and ovarian cancer, different risk calculation 
models have been developed to improve individual cancer risk assessment, for 
example, the individual ’ s risk of being a mutation carrier, or the risk of developing 
breast cancer within the next 10 years or during her lifetime, and/or to better 
assess the risk of an individual to carry a pathogenic   BRCA1/2   mutation. The risk 
calculation models are helpful tools to evaluate which women will most likely 
benefi t from genetic testing, but usually defi ned family constellations are taken as 
a basis for the decision as to which women qualify for mutation analysis  [3, 12] . 
Currently, no international guidelines recommend usage of a certain risk calcula-
tion model, since all available models have considerable weaknesses. Instead, a 
careful qualifi ed genetic analysis of the family history is essential to determine the 
real individual risk  [3, 13] . 

 There are empirical, genetic, and mixed models  [13, 14] , see Table  28.1  for more 
details  [15 – 22] . Empirical models consider the family history, for example, the 
degree of relationship of the counselee to affected women in the family and the 
age of diagnosis, or additional risk factors, for example, reproductive history, and 
include them in a logistic regression model. Genetic models are based on the 
assumption that one autosomal dominant gene (1 - gene model) or two autosomal 
dominant genes (2 - gene models) with age - dependent penetrance are responsible 
for hereditary breast cancer. Newer mixed models include a polygenetic com-
ponent or empirical risk factors, for example, reproductive history, histopathology 
or body - mass index, in addition to the 2 - gene models.   

 Only a few studies have compared the accuracy of the different models. Accord-
ing to Euhus  et al .  [23] , genetic counselors and the risk calculation model BRCAPRO 
had a comparable sensitivity, but BRCAPRO had a signifi cantly higher specifi city. 
Evaluating 272 pedigrees, genetic counselors determined a heterozygous risk of 
less than 10%, in which no mutation analysis is offered usually, in 8 to 29% and 
BRCAPRO in 16%. The  positive predictive value  ( PPV ) for BRCAPRO was 74%, 
given a probability to carry a mutation of over 95%, whilst the genetic counselors 
achieved a PPV of 65 to 100% (median 75%). However, in 2 out of 5 families with 
a  BRCA1/2  mutation, for whom BRCAPRO had determined a heterozygous risk 
of less than 10%, 7 out of 8 genetic counselors correctly determined a heterozygous 
risk of more than 10%. This may be explained by the fact that BRCAPRO signifi -
cantly underestimates the risk of families with ovarian cancer. In three recent 
studies, only a few of the available models were compared. In an Italian study, 
BRCAPRO, and in a study in the United States, BOADICEA turned out to be the 
best model to predict the real mutation frequency  [24, 25] . In a British study con-
sidering 3150 women, the calculation models were compared in a prospective 
manner. The newly introduced IBIS model turned out to be the best model, prob-
ably because further risk factors are taken into account in addition to the genetic 
components  [26] . All the other prediction models clearly tend to underestimate 
the risk for developing breast cancer. An alternative, fast and easy - to - use approach 
to select families most suitable for genetic testing was suggested by Evans  et al . 
 [27] . The Manchester scoring system includes a cut - off at 10 points for each gene. 
This scoring system is shown to be far superior to BRCAPRO regarding the 
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 Table 28.1     Risk prediction models for hereditary breast and ovarian 
cancer (no guarantee of completeness, modifi ed according to  [13] ). 

  Risk prediction model    Model type    Information included    Reference  

  Gail model (prediction 
of cancer risk)  

  Empirical    Number and age of fi rst - degree relatives 
with breast cancer, age at menarche, 
reproduction history, biopsies, atypical 
hyperplasia  

  Gail, M.H.  et al . (1989) 
 Journal of the National 
Cancer Institute 81 , 
1879 – 86  [15]   

  Couch model 
(prediction of  BRCA1/2  
carrier probability)  

  Empirical    Ashkenazi Jewish origin, personal and 
familial history of breast and ovarian 
cancer, average age at diagnosis of 
breast cancer in the family  

  Couch, F.J.  et al . 
(1997)  New England 
Journal of Medicine 
336 , 1409 – 17  [16]   

  Myriad tables 
(prediction of  BRCA1/2  
carrier probability)  

  Empirical    Ashkenazi Jewish origin, personal and 
familial history of breast and ovarian 
cancer, age at diagnosis, number of 
breast cancers diagnosed before 50 years  

  Frank, T.S.  et al . 
(2002)  Journal of 
Clinical Oncology. 20 , 
1480 – 90  [17]   

  Claus model 
(prediction of  BRCA1/2  
carrier probability) 
(incorporated in 
Cyrillic)  

  Genetic    Family history, age at diagnosis of 
breast cancer, age at last follow - up  

  Claus, E.B.  et al . 
(1994)  Cancer 73 , 
643 – 51  [18]  
adapted for the 
German population:  

              Chang - Claude, J.  et al . 
(1995)  Zentralblatt f ü r 
Gyn ä kologie 117 , 
423 – 34  [19]   

  BRCAPRO (prediction 
of  BRCA1/2  carrier 
probability)  

  Genetic    Family history, age at diagnosis of 
breast cancer and ovarian cancer, 
bilateral breast cancer, age at last follow -
 up, bilateral breast cancer, male breast 
cancer  

  Parmigiani, G.  et al . 
(1998)  American 
Journal of Human 
Genetics. 62 , 145 – 58 
 [20]   

  IBIS (prediction of 
 BRCA1/2  carrier 
probability)  

  Genetic    Family history, age at diagnosis of 
breast and ovarian cancer, bilateral 
breast cancer, age at last follow - up, age 
at menarche, reproduction history, 
biopsies, atypical hyperplasia, height, 
body mass index  

  Tyrer, J.  et al . (2004) 
 Statistics in Medicine 
23 , 1111 – 30  [21]   

  BOADICEA (prediction 
of  BRCA1/2  carrier 
probability)  

  Genetic    Family history, age at diagnosis of 
breast cancer and ovarian cancer, 
bilateral breast cancer, age at last 
follow - up, bilateral breast cancer, male 
breast cancer  

  Antoniou, A.C.  et al . 
(2004)  British Journal 
of Cancer 91 , 
1580 – 90  [22]   
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sensitivity and specifi city at 10% prediction for the presence of mutations. Details 
regarding all prediction models can be found in the excellent review of Antoniou 
and Easton about the Gail model, BOADICEA, BRCAPRO, Couch model, IBIS, 
Claus tables, and Myriad tables  [13] . After reviewing and comparing these risk 
prediction models, Antoniou and Easton stated that  “ some risk models are highly 
predictive, (but) they cannot determine the mutation status of an individual nor 
their future disease outcome, with certainty. Thus, they can aid management but 
cannot substitute for genetic testing. Furthermore, any risk assessment can only 
be as accurate as the available data, and the accuracy of medical and family history 
data will continue to be paramount ” .  

  28.2.4 
 Risk Communication Strategies 

 The goal of cancer genetic counseling is to assess as precisely as possible the 
individual ’ s risk to develop a primary or secondary cancer. It is not an easy task 
communicating the determined risk to the counselee. There are different strate-
gies to communicate risks. Risks can be presented in a probability - based fashion, 
focusing on numerical information, or in a contextualized approach informing a 
person about the antecedents and consequences of a health problem. These two 
approaches should be considered as complementary  [9] . Because many people 
have diffi culties in understanding quantitative information such as numerical 
probabilities, communication strategies based on broader information using 
several presentation formats should be preferred. For a better understanding, the 
individual risk should be compared with that of the general population. Further-
more, the risk should be given as a percentage, that is, 20%, rather than as a life-
time risk, for example, 0.2. In addition, the percentage should be explained in 
words, for example, 20% means that 20 out of 100 women in the same situation 
will develop cancer. To give a better idea, the inverted information should also be 
provided, for example, 80 of these 100 women will  not  develop cancer. It can be 
helpful to illustrate the risk estimation as pie charts or bar graphs. Moreover, the 
risk should be presented for different time lines, for example, for the next 5 or 10 
years and for lifetime.  

  28.2.5 
 Pre - Test Counseling 

 If the family could be classifi ed as having a known hereditary cancer syndrome 
and the responsible gene is known, a genetic test for the cancer - causing gene can 
be offered. To obtain the best information, a DNA sample from an affected person 
from the family, a so - called index patient, should be analyzed fi rst. If she/he is 
carrying a disease - related mutation, further healthy relatives can undergo genetic 
testing to fi nd out whether they are also mutation carriers and have an increased 
risk for developing cancer or whether they did not inherit the mutation and thus 
have the average cancer risk of the general population. If the counselee decides to 
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undergo genetic testing, informed consent has to be obtained. Many counselees 
need more than one counseling session to fully understand the facts related to 
hereditary cancer and to  “ translate ”  this information for their individual situation. 
This is of the utmost importance to develop a mature decision for or against 
undergoing genetic testing. 

 Since the results from genetic testing are often relevant for the diseased index 
patient her/himself, for example, for determining the risk to develop a second 
cancer, she/he should have received all necessary information to be aware of pos-
sible consequences before initiating the genetic testing. Therefore, it should be 
ensured that genetic counseling has been offered. 

 It is very helpful to allow to the person undergoing genetic testing time to think 
over the consequences of genetic testing for her/his life  [7] . This has to be consid-
ered, particularly in the case of predictive genetic testing. 

 Before offering genetic testing, the counselee should be prepared to deal with 
all the medical, psychological, and social consequences of a positive, a negative, 
or an ambiguous result. Furthermore, she/he should be prepared for the dif-
ferent outcomes of the genetic test result. Besides clear disease - causing muta-
tions, polymorphisms without obvious clinical relevance and/or sequence variants 
with unknown clinical signifi cance (so - called unclassifi ed variants) may be 
found. 

 In addition, the limited sensitivity and specifi city of the genetic tests employed 
should be explained and documented. It should also be ensured that the counselee 
has understood that the recommended measures for cancer screening do not 
necessarily guarantee that cancers will not occur. 

 The education about the basic genetics, like the manner of inheritance, and also 
the medical information, for example, about the clinical presentation of the disease, 
should be transmitted in understandable terms. This educational presentation can 
vary according to the background and characteristics of the counselee. To be most 
effective, the counselor should come prepared with illustrative charts and tables. 

 A challenging aspect of cancer risk counseling is the discussion of the medical 
options to decrease the risk of cancer or to diagnose it at an early stage. It may be 
that within the counseling session counselees are confronted for the fi rst time 
with drastic surgical procedures, like the removal of healthy organs, an established 
management for some syndromes (FAP, MEN 2a). In this counseling situation, it 
is wise to integrate a clinician, for example a surgeon, into the counseling to clarify 
the clinical impact and to select the appropriate screening program. 

 Counselees should be advised from the beginning of the counseling process, 
before performing genetic testing, that a test result can reveal genetic information 
about family members not directly involved in the counseling process. The coun-
selee should be prepared for this situation and the possible ways of how to cope 
with this situation should be discussed. 

 The decision of the individual to proceed with genetic testing must follow a 
careful process of pre - test counseling regarding the medical, psychological risks, 
and benefi ts of testing. The relevance of genetic test results for insurance and 
employment issues should also be discussed.  
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  28.2.6 
 Physical Examination 

 In special situations, a targeted physical examination should be performed. Some 
rare hereditary cancer syndromes are associated with physical stigmata, for 
example, of the head, neck, and skin. Therefore, the observation of alterations 
(sebaceous cysts, epidermoid cysts, skin lesions like caf é  - au - lait spots or melanin 
spots) can be essential for the diagnosis and for risk assessment.  

  28.2.7 
 Written Report 

 After every counseling session, a personalized letter summarizing the consultation 
contents in easily understandable words is sent to the counselee. 

 To ensure confi dentiality it should also be discussed with the counselee before-
hand, to whom a copy of the written summary should be additionally sent. The 
report is addressed in fi rst priority to the counselee her/himself. It may also be 
useful for the preventive medical recommendation that the individual ’ s physician 
and/or another healthcare professional are informed.  

  28.2.8 
 Post - Test Counseling 

 When the result of the genetic testing is available, the counselee is informed 
of this fact. To obtain the test result at a suitable time, the counselee should 
contact the counseling team to arrange an appointment for test result transmission 
(see Figure  28.1 ). 

 The explanation of the potential impact of the test result requires profound 
knowledge about the technical details, potential, and limitations of the molecular 
methods and about the correct interpretation of the genetic test result. Therefore, 
test result interpretation should be transmitted by geneticists, because the test 
result is only of clinical value if the interpretation is correct  [28] . 

 Genetic test results have to be treated with the utmost confi dentiality to prevent 
misuse. Communicating this information to others is only allowed after the 
express consent of the counselee.  

  28.2.9 
 Psychosocial Aspects 

 Cancer genetic risk assessment can raise a number of psychosocial issues. Indi-
viduals with a familial risk continue to deal with considerable uncertainty, con-
cerning the risk of developing cancer and the associated possibility of death. They 
are confronted with potentially diffi cult decisions for managing their future health 
and worry about potential risks for their children and other family members. An 
accurate evaluation of the motives and concerns during the fi rst counseling session 
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is essential for a better understanding of how the genetic information will impact 
this individual ’ s life. Anticipating the psychological and social consequences of a 
positive, a negative, or an ambiguous result during genetic counseling prior to 
initiating genetic testing can help to avoid problems. Multiple studies referring to 
hereditary breast and ovarian cancer show that risk communication and predictive 
genetic testing can be undertaken without causing signifi cant psychological dis-
tress  [29] . Immediately after receiving the information of carrying a mutation, 
depression and anxiety are only minimally increased and adjust back to an almost 
normal level within a short time after test result disclosure  [30, 31] . A systematic 
review and a meta - analysis found no evidence for adverse psychological effects of 
informing women about an increased risk of cancer  [32, 33] .  

  28.2.10 
 Communication of Genetic Test Results within the Family 

 The communication process within the family about the genetic risk is necessary 
to alert those who may benefi t from identifi cation of a hereditary risk. Family 
communication is a complex and dynamic issue and only a limited number of 
surveys have been carried out so far about counselees ’  attitudes towards the dis-
closure of genetic risk information and the problems that might arise during the 
dissemination of the genetic test results within the family. Most studies focus on 
the disclosure of genetic test results in families with hereditary breast and ovarian 
cancer. 

 All the studies demonstrate that a relevant proportion of women undergoing 
genetic testing as the fi rst member of a family have severe problems communicat-
ing their genetic risk to relatives. Thus, subsequent diffusion of genetic risk 
information and interfamily communication may cause diffi culties for high - risk 
individuals  [29, 34] . There is research emphasis on the short - term psychological 
effects of predictive mutation testing with largely reassuring results, but very little 
is known about the long - term outcome. The fi rst long - term surveys revealed that 
diffi culties can occur, in particular from divulging the test result to family members, 
and that emotional response within the family differs according to the mutation 
status  [35, 36] . A recent study has shown that mutation carriers are more likely to 
experience diffi culties and distress during the communication of their test result 
and have less positive feedback from family members  [37] . 

 This indicates that there are potential diffi culties experienced by mutation car-
riers during the communication of genetic test results. Thus, it is a major chal-
lenge to develop strategies to facilitate dissemination of information within 
hereditary breast and ovarian cancer families without  “ overstraining the messen-
ger patient ” . 

 Informed counselees are the key players for disclosing genetic risk information 
to the family. One goal of an effective genetic counseling process is to motivate 
the counselee to share the risk information with other at - risk relatives. Therefore, 
the counselor should remind the counselee of the importance the information 
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obtained may have for other family members, at best both prior to genetic testing 
and on receipt of results. The American Society of Clinical Oncology states in its 
Policy Statement Update: Genetic Testing for Cancer Susceptibility  [38] :  “ ASCO 
believes that the cancer care provider ’ s obligations (if any) to at - risk relatives are 
best fulfi lled by communication of familial risk to the person undergoing testing, 
emphasizing the importance of sharing this information with family members so 
that they may also benefi t ” .  

  28.2.11 
 Problems Due to Failed Communication 

 Nevertheless, providers of genetic services are likely to deal with counselees who 
are not willing to disclose the genetic risk information to relatives who may benefi t 
from this knowledge, even though the counselor has stressed the importance of 
sharing such information  [39, 40] . Different international stances exist addressing 
the question of how to act in this situation. What should have priority? The privacy 
and confi dentiality of the counselee? Or the duty to warn at - risk relatives? In the 
United States, in exceptional circumstances, the patient ’ s desire for confi dentiality 
may be overridden. This situation is given if the harm is serious, imminent, and 
likely, and if prevention and treatment are available. According to the statement 
of the American Society of Human Genetics  [41] , the healthcare professional has 
the permission to warn the at - risk family members when attempts to encourage 
a patient to inform his or her family about the existence of a hereditary risk have 
failed, if the genetic information reveals that family members are at a substantially 
higher risk of suffering from a serious and otherwise undetected genetic disorder, 
and if prevention or treatment is available. In contrast, the national law in Denmark 
does not authorize physicians to directly transmit genetic information to relatives 
but accepts such a physician ’ s disclosure at the patient ’ s request  [42] . In Germany, 
in accordance with the Guidelines for Genetic Counseling published by the Berufs-
verband Medizinische Genetik e.V. in 1996  [43] , it is not permitted to actively 
contact family members not directly involved in the counseling process, without 
their consent. 

 The question of ethical responsibilities of healthcare professionals to warn at -
 risk relatives will remain a topic of future debate.  

  28.2.12 
 Testing Children for Cancer Susceptibility 

 All existing guidelines strongly oppose the performance of genetic testing for 
cancer susceptibility in children. Genetic testing should be delayed, even against 
a strong demand by the parents, until a child is old enough to make its own 
informed decision regarding genetic testing. Exceptions are hereditary cancer 
syndromes with a high probability of developing a malignancy during childhood, 
and the availability of risk - reducing strategies (e.g. FAP, MEN2)  [38, 43] .   
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  28.3 
 Outlook 

 Our knowledge about the molecular basis of hereditary cancer syndromes has 
dramatically increased during the last decade. With the identifi cation of the genes 
involved, genetic testing has become available and has been incorporated 
into modern medical practice. An important component of responsible medical 
care is the identifi cation of the at - risk individuals to enable the initiation of 
strate gies for prevention or early detection of cancer. Currently, targeted thera-
peutic drugs, that is, treatment with  PARP  ( poly(ADP - ribose)polymerase ) inhibi-
tors for  BRCA1/2  - associated breast cancer, are being developed. Thus, knowledge 
about the individual mutation status will be even more important in future, since 
this information will have direct consequences for the individual care, for example, 
the selection of adjuvant chemotherapy and surgical strategy  [44, 45] . However, 
this knowledge is of lifelong relevance, also for further family members, and may 
cause psychosocial problems. Therefore, a purely  “ clinically orientated ”  pragma-
tism has to be avoided. The individual ’ s right of  “ not to know ”  should be respected 
 [7] . According to all valid guidelines and recommendations, genetic testing should 
only be offered embedded in a counseling setting including pre -  and post - test 
counseling. Genetic counseling is a multi - step process with the aim of educating 
the counselee about her/his genetic risk, to enable the individual to make  “ informed 
consent ”  decisions, and to support her/him to cope with the situation. This will 
become more and more important in the future.  
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29

  Genetic counseling is a highly specialized service in medical care. The service is 
expensive and its task is comprehensive, including the family perspective. It often 
starts a communication process which deals with human problems associated 
with the risk of occurrence of a genetic disorder in a family. For a breast cancer 
service, which is the most explored cancer, this process is an attempt to assist 
the counselee in understanding the medical facts, the mode of inheritance, the 
risk of getting breast and/or ovarian cancer (again), and the implications and 
consequences for daily life, the family, and partnership. This includes decision -
 making regarding surgical options and notifi cation to offspring and family, along 
with a sense of isolation, which may lead to psychological and emotional 
distress. 

 Genetic analyzes in general and preventive options depend on the individual 
situation and can only be recommended in an interdisciplinary setting. Guidelines 
including standards for genetic analyzes and comprehensive counseling have been 
established aiming at the prevention of negative consequences for persons at risk. 
During the pretest - phase, counseling aims at supporting the process of decision -
 making, in individuals and their families. After disclosure of test results, psycho-
social support aims to enhance adjustment and communication within families. 
A small subgroup at risk for increased psychosocial distress needs additional 
support, for example, psychotherapy.      

  29.1 
 Introduction 

 Extensive progress has been made in scientifi c research in medicine over the past 
few decades, particularly in the fi eld of genetics. For example, the gynecologists 
made a radical discovery that breast cancer could well have a genetic disposition 
(see also Chapter  11  on hereditary breast cancer). The genes responsible,  BRCA1  

Summary
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and  BRCA2  (breast cancer genes), were observed and localized in the years 1994 
and 1995. A mutation in one of these genes presents one of the most signifi cant 
risk factors for the formation of such a carcinoma. After several years of uncertain 
prognoses, fi nally a plausible clarifi cation was ascertained for the increase of breast 
cancer in family members. It has been estimated that 5 to 10% of all breast and 
ovarian carcinomas has a genetic disposition. In cases of carcinoma of the breast 
commencing before the age of 35, around 25 to 40% are the cause of a genetic 
disposition  [1] . The hereditary tendency of this affl iction is most likely to be passed 
on to 50% of the offspring. The genes  BRCA1  and  BRCA2  have been shown in 
around 50% of the severe cases of mutation and could be identifi ed with molecular 
genetic methods  [2] . The remaining 50% of the severe cases revealed changes due 
to other breast cancer genes, yet to be identifi ed. Women presenting with a 
disease - associated mutation in the  BRCA1  or  BRCA2  genes suffer a life - long risk 
of being affl icted with carcinoma of the breast (up to 85%) and ovarian carcinoma 
(20 – 60%)  [3] . Compared to the state of health of the general population, the life -
 long risk of carcinoma of the breast is increased to around 10 - fold, and for ovarian 
cancer around 50 - fold. It is not a rare occurrence to experience these familiar 
forms of cancer before the age of 50, as well as a heightened risk of other forms 
of cancer, for example, cancer of the bowels, uterine cancer, and cancer of the 
pancreas  [4] . 

 Diagnostics for hereditary tumors may indicate the genetic disposition; however, 
the question still remains if the disease will occur at all, and if so, when. The 
determination of a genetic tendency results in long - range consequences for the 
affl icted patient. On the one hand, there is the possibility to detect the disease 
in the early stages by means of timely diagnosis, and such cases may well be 
effectively treated by curative measures. The predictive genetic diagnostics of 
cancer may indeed reduce the feelings of concern and anxiety initially; however, 
the underlying fear with regard to future health and well - being is awakened, and 
intensifi ed within the social environment of the affl icted patients. Furthermore, 
information on the genetic disposition does not only infl uence the private spheres, 
but also other areas of life, for example, profession and matters pertaining to 
insurance. 

 As is often the case in medicine, progress in scientifi c research introduces new 
but not necessarily positive results, particularly for the psychic state of the patients. 
For example, due to the discovery of the breast cancer genes it may be possible to 
assess the degree of risk involved for those affl icted with this genetic hereditary 
tendency. Furthermore, the discovery also enables those women without cancer 
of the breast to be made aware of their personal genetic disposition, and therefore 
their chances of being affected at some stage in life with this disease. The problems 
concerning the psychosomatic    –    more aptly,   somato - psychic fi eld    –    present a con-
siderable emotional strain both in the knowledge of a breast cancer tendency, or 
in the diffi culties connected with the progress of breast cancer. 

 With this in mind, the Federal Board of Physicians in 1998 (Bundes ä rztekammer 
1998) laid down in the  “ Guidelines for the diagnostics of genetic disposition for 
cancerous diseases ” . These guidelines were revised in 2003 (Bundes ä rztekammer 



2003) to include an introduction pertaining to human - genetic diagnostics, and the 
associated consultation with patients with genetic disposition. 

 Seen from the perspective of the patients, this prospect introduced hope to 
many, and the awareness of the risk of being affl icted with cancer. Besides, for 
those risk patients, a certain degree of hope was imparted that the affl iction would 
be discovered in its early stages, by means of special early detection methods, some 
of which are not presented in the routine services provided by the Health Services. 
It is common that the actual medical possibilities stand in contradiction to the 
high expectations of those seeking advice, and also their families. Often, the 
genetic testing of those seeking advice does not provide the assurance they antici-
pated. The uncertainty lies in both directions. Twenty to thirty percent of those 
with genetic disposition showed no tendency towards cancer during the course of 
their lives. The reasons for this remain, for the main part, unclear. On the other 
hand, even if the investigation revealed no evidence of a genetic disposition, this 
does not indicate any general exclusion of risk.  

  29.2 
 The Psychosomatics Concerning the Discrepancies Between Physician, Patient, 
and Diagnosis 

 The genetic investigation of healthy individuals from families with increased risk 
of cancer is known as predictive diagnostics. These diagnostics predict a genetic 
hereditary tendency towards cancer diagnosed previously in a member of the 
family already affl icted with cancer. This predictive genetic investigation may be 
performed, given that the family member suffering from cancer consents to such 
an examination. Specifi cally, the introduction of predicting the risk of cancer of 
the breast in healthy women brings about new medical - psychological problems 
that were not evident prior to the discovery of the breast cancer genes. This leads 
to the question as to whether or not healthy women or men wish to be informed 
about their disposition, and their risk of getting cancer, respectively. Would they 
prefer not to know? In the case that cancer of the breast is a hereditary factor in 
the female line of the family, particularly if more than one member has suffered, 
the question of a genetic investigation is considered essential, and not only should 
be discussed with those women seeking counseling, but also actively approached 
by the treating physician. However, some patients with a hereditary history of 
cancer will develop a certain adverse reaction to such an investigation, to avoid 
any confrontation with the disease. 

 To be informed about a genetic affl iction if cancer has already been diagnosed, 
appears to affect the patient to a lesser extent. In most cases, clinical treatment has 
already commenced using surgical and possibly chemotherapeutic and/or radio-
therapeutic, as well as antihormonal measures. The therapy offered is based on the 
primary diagnosis, and continued for the course of the illness. It may occur that 
the patient is so preoccupied with his illness that he does not wish to be burdened 
with the additional knowledge of a positive genetic investigation. It is of greater 
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importance that he is prepared to accept his prognosis of cancer, and to concentrate 
on the therapeutic responses, positively or negatively. For those women or men 
already affl icted with cancer, it is imperative that they seek counseling so that they 
are aware of the risk that cancer might be passed on to their children. According 
to the autosomal - dominant hereditary pattern, there is a 1   :   1 risk that the children 
of affl icted mothers will also inherit the mutation. It is not so much the knowledge 
of the risk involved, rather than the ability to learn how to accept this knowledge, 
both on the part of the mothers as well as of the daughters. Adolescents of families 
with a genetic tendency generally take their state of health most seriously, especially 
the risk of being affl icted with cancer. These anxieties and fears result in consider-
able psychic stress in three - quarters of all adolescents  [5] .  

  29.3 
 Expectations Concerning the Diagnostics 

 The above - mentioned aspects make clear that clarifi cation and consultation, 
regarding the genetic tendency, are of great personal signifi cance. It is highly 
important to inform the families during the fi rst consultation of all the possibili-
ties, already including the restrictions and consequences of molecular - genetic 
diagnostics. In this way, any false expectations may be avoided concerning the 
course of diagnostics and consultations. One must consider    –    as is the case with 
each physician - patient encounter    –    to not only impart professional knowledge to 
the patient, but to do this in a way that the highly complex medical and genetic 
jargon is made perfectly clear since, in general, most patients are not conversant 
with the technicalities of medical language. More often than not, the patients 
form their own ideas on the subjective theory of the illness, based on what they 
have seen and heard; notions which may be totally irrational and vague. In each 
case, inadequate expectations or ideas must be explained in detail and put into 
perspective. A number of patients seeking counseling may show a very vague or 
even a very insistent motivation    –    this is often the result of an ambivalent reaction 
towards the investigation. It may be necessary to conduct several consultations 
to decide for or against predictive diagnostics. The reason behind such an attitude 
may reveal a high degree of psychic stress, requiring, in some cases, therapy. 
This may include an addictive illness, severe psychic disorders, for instance, 
specifi c personality disorders, or even severe depression. Should these illnesses 
be diagnosed, an appropriate therapy is called for before the genetic diagnostics 
are undertaken. 

 The initial consultation may reveal that a clarifi cation of the actual position in 
life is of primary importance, for instance, existing deep - lying confl icts in a rela-
tionship, or separation from a partner. In several cases, the motivation leading to 
an investigation is often the outcome of an illness, or loss of a relative due to 
cancer. Should the loss of a family member be a recent event, the patient must be 
allowed fi rst to undertake a period of mourning. In such a situation, the decision 
on the part of the physician to postpone a gene test may be a wise move, since it 



would involve a number of consultations for the patient, a situation she or he may 
not be ready for.  

  29.4 
 Function of Psychosomatics in the Interdisciplinary Consultation Setting 

 The primary role of predictive diagnostics is to provide information also for healthy 
individuals who, until now, have suffered no adverse symptoms. By means of these 
diagnostics, they are taught how to cope with an increased risk of illness, that is, 
to accept the knowledge of a genetic tendency towards breast cancer. This knowl-
edge often has a profound effect on the private and professional lifestyle of the 
individual, and indeed affects the personal rights of those seeking counseling. In 
order to protect these rights, the Federal Board of Physicians set up certain guide-
lines in 1998, summarized in Table  29.1 .   

 The essential points concerning the guidelines for consultation are that the 
individual is of age, that suffi cient time is allowed between the consultation and 
the decision, that the decision is based on a specifi c concept pertaining to consulta-
tion, and that the decision lies exclusively with the individual seeking counseling. 
It is essential that during the fi rst consultation, all details referring to the possibili-
ties, restrictions, and the consequences of molecular - genetic diagnostics are clari-
fi ed. First, the affl icted member of the family, the so - called index patient, should 
be examined. Should the causative mutation be identifi ed, then the next step 
should involve investigation of all the healthy female members in the family 
(in case of hereditary breast/ovarian cancer) in order to assess whether the 
mutation, and thus the increased risk of illness, has been inherited or not. It is 

 Table 29.1     Counseling for those individuals with genetic 
cancer disposition corresponding to the publication of the 
Federal Board of Physicians, pertaining to the  “ Guidelines to 
the diagnostics of genetic disposition for cancer patients ”  
of 1998. 

  Intelligible documentation of each counseling session  

  Written substantiation of indication according to type of illness and/or family case history  

  Predictive genetic investigation, in general, for those individuals of age  

  Suffi cient time for decision for diagnostics  

  Decision concerning the course of events lies alone with the individual seeking counseling. 
Written consent is required.  

  Inclusion of predictive genetic diagnostics in a counseling concept: counseling/diagnostics/
counseling  

  Further specifi c synopses of genetic counseling by a qualifi ed physician for human genetics  
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an unavoidable fact that all members of the family are involved in the decision 
and diagnostic processes, and the specifi c family dynamics, that is,  “ who should 
speak with whom ” ,  “ who should receive certain information ” , and so on, may 
often result in tension among the family members. For those patients already 
affl icted with the mutation, the result of the molecular - diagnostic diagnosis is of 
direct relevance since this indicates a markedly increased risk for recurrence, as 
well as a secondary renewed illness  [6] . Signifi cant grounds for extensive diagnos-
tics in family members enable the affl icted women, as well as the healthy individu-
als, to gain some knowledge as to the risk involved for their own children. It must 
be considered that the Federal Board of Physicians pays special attention to the 
case of children since, according to the aforementioned guidelines; they should 
not be subjected to genetic investigation. 

 The patients seeking counseling are informed in detail during the consultation 
as to the appropriate early detection, follow - up care program, and additionally 
the possible prophylactic operative measures to combat any further risk of illness. 
The most important features of the consultation are summarized in a detailed 
and intelligible letter, which is then forwarded to the patient. Then, should the 
patient wish for molecular - genetic diagnostics, a second appointment is made 
for the index patient. This consultation is carried out within an interdisciplinary 
setting to include professionals in the fi elds of, for example, breast/ovarian 
cancer, human genetics, gynecology, and psychosomatics. Again, all the possi-
bilities are discussed concerning the consequences of the diagnostics, and the 
reasons for the decision. Only then, a blood sample is taken for further labora-
tory diagnostics. Once the results have been processed, the patient is then con-
tacted again with a written letter, and invited for a third consultation. This 
consultation is also carried out within an interdisciplinary setting, and all con-
sequences of the fi ndings discussed again in detail, including the further course 
of treatment. It goes without saying that the patient seeking advice has the right 
to discontinue the consultation and diagnostic sessions at any time    –    without 
stating reasons (Figure  29.1 ). Always, a psychological/psychotherapeutic atten-
dance is present within the interdisciplinary setting. This may be a psychologist 
with the knowledge of somatics, a physician of psychosomatic medicine and 
psychotherapy, or of a somatic fi eld such as gynecology with corresponding 
additional psychotherapeutic qualifi cations.   

 The presence of a qualifi ed psychotherapist or psychologist in the session 
enables the parallel undertaking of psycho - diagnostics. Several important aspects 
are usually revealed, such as the motivation of the patient regarding molecular -
 genetic diagnostics, the patient ’ s psycho - social position, present psychic state of 
health, and the resources and relevant strategies for coping with the illness. 
Should it be necessary that extensive psychotherapeutic - oriented counseling 
during the fi rst consultation is required, this should be introduced subtly to cover 
all the signifi cant aspects. It is of importance to fi nd out the source of the moti-
vation leading to consultation and diagnostics, and what expectations are awaited 
by whom, be it a member of the family, a relative, or acquaintance. It is of primary 
importance to discover how those individuals with a close relationship to the 



affl icted patient perceive this illness, also those distantly acquainted. Based on 
the biographical case history, vulnerability factors are to be perceived, such as 
stressful experiences and how these were overcome. This can be done by self -
 assessment of the patient seeking advice, as well as an assessment of the inter-
viewer with a view to both the individual resources and the resources, within the 
social environment. On clarifi cation of the actual state of health, it is essential to 
consider experiences of anxiety, and the methods used to cope with anxiety, be 
it fear of life in general, a specifi c fear of getting cancer, or of the progress of 
already detected cancer (Damocles syndrome). In conjunction with psychothera-
peutic competence, the fi rst consultation enables the early detection of any psychic 
risk factors, and ensues in the support and development of a motivation to include 
an extensive consultation and possibly psychotherapy, should this be necessary 
 [7] . Relevant aspects of psychotherapeutic primary consultation for tumor - genetic 
diagnostics include: 

   •      Motivation for diagnostics by individual seeking counseling, within the family 
and in personal environment;  

   •      Personal view, information status, expectation of discussion, subjective theory of 
illness, experience of counseling, course of counseling, and diagnostics;  

   •      Observation of family system and its members, specifi c clarifi cation of relations 
towards family members already suffering from cancer;  

   •      Biographical case history;  

   •      Present biopsychosocial state of health, individual and familial psychiatric and 
psychosomatic illnesses;  

    Figure 29.1     Psychological support during interdisciplinary counseling.  
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   •      Conclusive clarifi cation of further course of events, e.g., further counseling 
sessions, clarifi cation of indication and motivation for psychotherapeutic 
treatment.     

  29.5 
 Psychosomatic Aspects of the Patient 

 It is basically the decision of the patient whether or not to undergo genetic testing. 
More often than not, the patient will seek advice in order to help make the fi nal 
decision, be it from a close contact or a physician, even from a competent psycho-
therapist. The decision usually depends on how the patient copes with mental 
stress in general. Variables determining this aspect have much to do with the 
personality structure. It must be emphasized that it is usually the compulsive type 
who tends to demand detailed information on the whole situation, also the genetic 
disposition. It is often the more phobic individuals who wish to avoid any detailed 
knowledge. Those with a histrionic personality may play down the severity of the 
illness at fi rst; however, once the facts are put before them, then the actual situa-
tion is recognized as apparent and real. 

 A particular variable is how much risk the patient is prepare to take. Past history 
can serve to determine this factor, especially if the patient has previously found 
herself in an ambivalent stress situation requiring her to make a decision. It is 
usually the case that those patients who are willing to undertake a higher risk 
are more likely to agree to a genetic testing than those with a lower risk - taking 
capacity. The reasons leading to the motivation for genetic testing tend to vary 
among the women who have personally experienced breast cancer, or those who 
have a member of the family with evidence of  BRCA 1  or  BRCA2 . For persons 
who are already affl icted with cancer, the main motive for a genetic investigation 
is to gain more information with a view that their own children may also be one 
day affl icted. Another motive is the fear of a recurrent episode of cancer and fi nally, 
a number of patients wish to be of help for the purpose of scientifi c research. For 
example women stemming from a family with evidence of  BRCA1  or  BRCA2  state 
that this was their motive to go ahead with genetic testing. It has been shown that 
women with a lower degree of education are usually those who wish for genetic 
testing, so that they are aware of the risk involved for their own offspring, and also 
to support scientifi c research. Also, they have a higher interest in a prophylactic 
mastectomy. While younger women are more inclined to be motivated by their 
own personal risk of getting cancer, combined with the interest to gain more 
information on prophylactic mastectomy, the older generation is more motivated 
by the wish to support scientifi c progress, and to be informed of the risk involved 
for their children  [8] . 



 Frequent motives for genetic testing for breast cancer are: 

  1.     For women with a medical history of breast cancer:  
   –      risk for their children,  
   –      worry about getting cancer again,  
   –      helping scientifi c research.    

  2.     With evidence of  BRCA1  and  BRCA2  in the family: 
    –      because a family member asked for appointment for genetic counseling,  
   –      risk for their children,  
   –      interest in prophylactic mastectomy.      

 An important factor is the familial situation of the patient with known genetic 
disposition, since an arrangement of further investigations and the course of 
events is a matter also concerning the family, in particular the partner. A sound 
and supportive relationship is of paramount importance for the mental ability of 
the patient to come to terms with the genetic disposition. The partner should, if 
possible, be included in the decision for genetic testing, since it is often the part-
ner ’ s wish to be informed in detail of the situation, thus so providing the necessary 
support for the partner, especially if evidence of a  BRCA1  or  BRCA2  gene is 
detected  [9] . Unrestrained communication between all family members reduces 
considerably the intensive mental strain on the part of the patient. It must be said 
that openness within a relationship may lead to an increased psychological stress, 
although this usually happens when information is withheld concerning the pos-
sible consequences  [10] . 

 The general early case history of the patient presents an idea of how the patient 
was able to cope with her previous somatic illnesses, and also the experiences she 
has made with other psychological and possibly psychiatric illness. In general, it 
may be expected that she will react in a similar way towards her actual genetic situ-
ation as she did towards her previous illnesses. Other areas in her past history will 
also indicate how she dealt with stress, for example, in the case of fl eeing from a 
situation, a person can experience of physical abuse, or even loss of a partner. All 
these factors reveal the possible reactions to expect when informing of a genetic 
disposition.  

  29.6 
 Variables on Notifi cation of Diagnosis 

 A decisive factor is the stability of the physician - patient relationship, in particular, 
concerning the following aspects: 

 One of the essential questions is whether the actual physician - patient relation-
ship was formed as a result of previous medical care, or if the relationship was 
formed when a genetic disposition had been diagnosed. The patient may already 
have gained confi dence in the physician, but should the patient have been intro-
duced to the physician only recently, it is important for the physician to realize 
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how the patient is coping with coming to terms with the diagnosis. Attention 
should be paid to the psychosomatic care administered, and previous variables 
offer an insight into the degree of support required. The perspectives in life of the 
patient, in view of the previous lifestyle, as well as in view of the basic perspectives 
in life for the future, should be taken into account. Such a situation depends on 
the acceptance and tolerance in the knowledge of the genetic affl iction. This experi-
ence can infl uence the refl ection and meaning of aims and values in one ’ s life. 
Even without the aid of psychotherapy, it is highly important for the physician to 
identify with the patient, and to recognize and treat the somato - psychic condition 
with utmost sensitivity and care. A corresponding stable and compatible physi-
cian - patient relationship may take some time to form. This is essential in the case 
of a psychotherapeutic intervention. 

 The theory of consultation as compiled by the Federal Board of Physicians may 
be of help as a guideline for the orientation and general direction for the physician. 
On the one hand, the motivation of the patient is a most important factor together 
with clear indications for a psychotherapeutic intervention. In some cases, the 
motivation must be fi rst developed, in order to assure an optimal outcome for 
coming to terms with the illness and planning for the future.  

  29.7 
 Psychosomatic – Psychotherapeutic Procedures 

 From a psychosomatic view, questions raised are indication of a genetic testing, 
the notifi cation and coming to terms with a possibly stressful outcome, how this 
will affect the actual lifestyle, the family and other contact persons, the basic 
attitude towards life, that is, the sense and values of ones ’  own future life, and, in 
particular, the self - perception of the patient. Crucial is the resource - mobilization, 
that is, refl exion on the particular spheres of life that would enable the stability of 
self - esteem, security in life, and fulfi lment of life. It must be heeded, however, 
that stress factors might be problems caused by the partner, illness, fi nancial 
matters, or the family. From a psychosomatic point of view, attention must be paid 
to the internal and external resources, the latter stemming from the social environ-
ment. All these factors may infl uence the patient coming to terms with her/his 
illness. 

 Within the consultation setting, special attention should be paid as to whether 
a family member has already suffered from cancer. This is of particular signifi -
cance when a sister of the patient seeking counseling is affl icted with cancer  [11] . 
Apart from routine consultation, a one - to - one discussion should take place, this if 
possible, in the company of another person. Intensive support and care should be 
made available to those patients who were closely involved with members of the 
family in need of care and have died of cancer. Taking care of those gravely ill 
leads to an enormous strain, and makes one acutely aware of the increased risk 
of oneself being affl icted with the same illness. Generally speaking, those women 
or men with a minimum of education and training require a higher degree of 



attention, since such individuals with socio - demographic attributes are more 
prone towards anxiety and depression. 

 Those individuals who refuse to undergo diagnostics should also receive special 
attention as they constitute the type of women with a high psychological morbidity 
rate, which is not recognized when a hasty decision is made. The decision for or 
against a gene test often presents with repercussions on the other family members, 
so that the refusal to undergo such a test may result in the family forming a 
stronger bond and expressing emotions more freely. Mutation patients already 
tested tend to be less emboldened, do not show emotions as openly, or exchange 
information as easily, with other persons  [12] . Also women or men who generally 
are less compliant in their perception of preventive measures often show signs of 
a higher psychological morbidity. These aspects emphasize not only the necessity 
of a number of successive consultations in the course of the diagnostic process, 
but also the necessity of psychological and psychotherapeutic competence in the 
form of an interdisciplinary consultation. Furthermore, there is always the possi-
bility that a crisis intervention will be called for, or an admission to outpatient 
psychotherapy. 

 Finally, it is of great importance to point out that many of those seeking advice 
are able to come to terms with the result of their diagnostics  [13] , that is, around 
80% of women with hereditary breast or ovarian cancer are able to overcome the 
process of making a decision, and the result of the diagnostics, using their own 
resources. Around half of those women seeking advice and diagnostics put priority 
on gynecological and genetic topics, not on psycho - oncological aspects. However, 
it is assumed that every fi fth woman seeking counseling had the need to undergo 
psycho - oncological care.  

  29.8 
 Conclusion 

 The molecular and gene - diagnostic progress over the past few years has served to 
increase the interest in predictive diagnostics, especially, for example, for heredi-
tary breast and ovarian cancer. Although women with a minimal risk may not 
profi t from such a test, studies have shown an increase in the interest of women 
in the general public  [14] . Information and communication strategies should be 
developed for the purpose of consultation, and these should focus on balancing 
unrealistic expectations concerning genetic testing, as well as reducing the known 
risk of cancer and the raised level of anxiety and fear. During a consultation, it 
should be taken into account that the genetic risk and the result of molecular -
 genetic diagnostics usually affect the family entirely. Interdisciplinary cooperation 
is the best prerequisite available for both the patient seeking counseling and the 
family, to correctly interpret an increased risk of cancer, the optimal measures for 
treatment and, in particular, to undergo extensive counseling and psychotherapy. 
Supportive group psychotherapy for patients suffering  BRCA1  and  BRCA2  muta-
tions showed that those participating in the session had a high level of knowledge 
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prior to the intervention, and that this showed no change during the course 
of intervention. Signifi cant improvements were achieved in the psychological 
condition of the patients as to their anxiety and depressive state. A large number 
of women considered company to be benefi cial for making the decision as to a 
prophylactic operation (ovarectomy or mastectomy)  [15] . However, it is too early 
to determine the long - term effects resulting from the knowledge of genetic cancer 
predispositions. There is the probability that a specifi c group of persons will react 
with increased feelings of anxiety or raised tendencies towards physical complaints 
and for these individuals, the knowledge on their personal risk of cancer will rather 
be a stress factor than a positive declaration  [16] . The ability to identify the risk 
persons early enough, and to develop the appropriate supportive measures, will 
prove to be a signifi cant task in the future.  
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  Progress in the elucidation of molecular targets in human cancers in the last 
decades has provided the basis for the development of novel therapeutics. A huge 
variety of potential target structures have been identifi ed, many of which are 
already exploited for therapeutic purposes. To conclude this book on hereditary 
tumors, with an outlook on general diagnostic and therapeutic challenges and 
chances, this review introduces the reader into the concept of molecular targeted 
therapies, and provides some prototypic examples.      

  30.1 
 Introduction 

 During recent years, there has been a rapid development of molecular markers as 
targets for innovative therapeutic concepts ( “ Targeted Therapy ” ). A high number 
of molecules have already become therapeutic targets, especially growth factors 
and growth factor receptors, molecules of signal transduction, tumor - associated 
antigens, molecules of intracellular protein metabolism (proteasome inhibitors), 
factors regulating cell survival, cell cycle and cell death, and molecules associated 
with invasion, metastasis, and angiogenesis. An overview on major examples for 
targets that already entered fi rst clinical trials is given in Figure  30.1 . Some of 
these molecular targeted compounds are not only effi cient as tumor therapeutics, 
but also improve quality of life by, for example, reducing pain associated with the 
reduction of bone metastasis  [1 – 6] .    

  30.2 
 Example for Success: Targeting Tyrosine Kinase Receptors, for Example,  EGF  -  R  

 There has been an especially impressive development of compounds targeted 
against tyrosine kinase receptors  [7] . Here, targeting concepts directed against 
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c - erb - B2 (HER2), such as Herceptin, especially in breast cancers, c - Kit - targeted 
therapy (Gleevec) in Bcr/Abl - positive leukemias and GIST - tumors, VEGF/VEGF -
 R - targeted compounds  [8, 9] , and a number of therapeutic concepts targeting 
EGF - receptors, are standing out as major examples that have led, or will almost 
certainly lead, to paradigm shifts in the treatment of major tumor diseases. With 
increasing numbers of clinical studies, a part of them accompanied by molecular 
translational studies, it becomes clear that the therapeutic response towards such-
like compounds to a considerable extent will be defi ned by the individual molecu-
lar conditions of the individual patient, the genetic -  or population - based background 
of a patient, and either acquired or inherited peculiar characteristics and changes 
within the gene encoding the target, such as amplifi cations, mutations, or 
polymorphisms. 

 This can be illustrated by fi rst experiences from clinical studies on compounds 
targeting, e.g. the EGF - receptor. The EGF - receptor is overexpressed in a number of 
solid carcinomas, such as colorectal or certain types of lung cancers  [10] , and its 
prognostic impact has already been shown for these tumor entities for certain 
patient subgroups  [10 – 12] . Binding of the ligand EGF leads to dimerization, either 
with another EGF - R - molecule or with a molecule from the Erb - B - receptor 
tyrosine - kinase family. This is followed by the phosphorylation of the intracellular 
domain, activating a number of, for example, Ras - associated signaling cascades 
that can initiate phenomena such as tumor cell proliferation, invasion, metastasis, 
or anti - apoptosis  [5, 6] . During recent years, diverse therapeutic strategies targeting 
EGF - R have been developed. Small molecular compounds targeting EGF - R are 

    Figure 30.1     Overview on major examples of molecules that 
have become therapeutic targets, for compounds that already 
have entered early clinical trials.  
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directed against the tyrosine kinase domain of EGF - R and inhibit its activation, 
thereby inhibiting EGF - R initiated signaling  [13 – 15] . Other EGF - R - targeted strate-
gies are based on antibodies  [16 – 24] . A number of studies have already been con-
ducted, especially concerning the tyrosine - kinase inhibitors in colorectal  [10]  and 
lung cancer  [25 – 28] . Large studies of non - small cell lung cancer, such as the ISEL -  
or BR21 - study on 1692 or 731 patients, have shown that the best response to therapy 
and best survival was observed in patient subgroups with an Asian population 
background, female gender, adenocarcinoma, and no history of smoking. 

 Furthermore, in various studies, the level of EGF - R protein expression or ampli-
fi cation of the EGF - R gene was associated with response to EGF - R - based tyrosine-
kinase inhibitor therapy  [29 – 35] . Certain studies show an association of certain 
mutations within the EGF - R gene with the clinical response towards small molecu-
lar EGF - R targeted compounds  [31] . Most of these mutations have been found 
within exons 18 to 21 within the  EGF - R  gene  [30] . In addition, it has been shown 
that certain mutations within the  EGF - R  gene can be associated with the develop-
ment of a secondary resistance to therapy  [30, 31] . On the other hand, initial results 
on antibody - based therapy suggest an independence of EGFR - antibody - based 
therapy of EGFR - expression or  - mutations, but rather on molecules such as 
E - cadherin (see Chapter  1 ), suggesting considerations of differential, or combined, 
strategies depending on the individual situation ( [16 – 24, 71]  and own unpublished 
observations). Patients harboring activating  k - ras  - mutations in non - small cell lung 
cancers most often show resistance towards EGF - R - based tyrosine kinase inhibi-
tors most likely also antibodies  [30] . In such cases, a combination with, for example, 
Ras - targeted compounds may be necessary for an individual patient. An excellent 
introduction to Ras - targeted therapy (e.g. farnesyltransferase inhibitors) is given 
for the particular example of neurofi bromatosis - related tumors (see Chapter  6  on 
neurofi bromatosis). Taken together, the initial results of the particular EGF - R - 
targeted therapy illustrate that especially molecular, and also potentially genetic, 
conditions can modify and affect the response to targeted therapy concepts. This 
emphasizes the notion that detailed molecular analysis of the individual tumor in 
the individual patient needs to accompany further studies on molecular targeted 
compounds, to precisely classify the subgroups of patients that best respond to 
novel targeted compounds (see below).  

  30.3 
 Example: Targeting Apoptosis Pathways for Cancer Therapy 

 Moreover, a number of strategies have been developed that target the apoptotic 
machinery in cancer cells, and therefore, this should serve as a second example. 
Apoptosis or programmed cell death is the cell ’ s intrinsic death program that plays 
an important role in various physiological and pathological situations and is highly 
conserved throughout evolution  [36] . Tissue homeostasis is maintained by a subtle 
balance between proliferation on one side and cell death on the other  [37] . As a 
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consequence, too little apoptosis can contribute to tumor formation, progression, 
and resistance to treatment  [38] . Moreover, one of the most important advances 
in cancer research in recent years is the recognition that killing of tumor cells by 
anticancer therapies commonly used in the treatment of human cancer, for 
example, chemotherapy,  γ  - irradiation, immunotherapy, or suicide gene therapy, is 
predominantly mediated by initiating programmed cell death, that is, apoptosis in 
cancer cells  [39, 40] . The elucidation of signaling pathways involved in the regula-
tion of apoptosis in cancer cells over the last decade has led to the identifi cation 
of key apoptosis regulatory molecules that may serve as molecular targets for 
cancer therapy. In principle, apoptosis - based cancer therapeutics may aim at 
directly activating apoptosis pathways in cancer cells, at restoring defects in the 
apoptotic machinery, or at disabling the antiapoptotic function of molecules 
involved in treatment resistance. Such strategies may open up new perspectives 
to overcome apoptosis resistance in a variety of human cancers. Some examples 
of how apoptosis pathways could be targeted for cancer therapy will be discussed 
in the following sections. 

  30.3.1 
 Apoptosis Signaling Pathways 

 There are two principle pathways of apoptosis, the receptor or extrinsic and the 
mitochondrial or intrinsic pathway (Figure  30.2 )  [40] . Stimulation of either pathway 
eventually activates caspases, a family of cysteine proteases that act as common 
effector molecules in various forms of cell death  [41] . Caspases are synthesized 
as inactive proenzymes. Once activated, they cleave various substrates in the 
cytoplasm or nucleus, causing characteristic morphological features of apoptotic 
cell death  [41] . In the extrinsic apoptosis pathway, stimulation of  death receptors  
( DR ) of the  tumor necrosis factor  ( TNF ) receptor superfamily, for example, CD95 
(APO - 1/Fas) or TRAIL receptors, results in activation of the initiator caspase - 8, 
which in turn can directly cleave downstream effector caspases, such as caspase - 3 
 [42] . Also, activation of caspase - 8 may link the receptor to the mitochondrial 
pathway by cleaving Bid, a Bcl - 2 family protein with a BH3 domain that only 
translocates to mitochondria upon cleavage to initiate a mitochondrial amplifi ca-
tion loop  [43] . In the mitochondrial pathway, the release of apoptogenic factors 
such as cytochrome c,  apoptosis - inducing factor  ( AIF ),  second mitochondria - 
derived activator of caspase  ( Smac )/ direct IAP Binding protein with Low  PI 
( DIABLO ) or Omi/ high temperature requirement protein A  ( HtrA2 ) from the 
mitochondrial intermembrane space into the cytosol initiates caspase - 3 activation 
 [44] . Cytochrome c promotes caspase - 3 activation through formation of the cyto-
chrome c/Apaf - 1/caspase - 9 - containing apoptosome complex, while Smac/DIABLO 
promotes caspase activation through neutralizing the inhibitory effects of IAPs 
 [44] . Because of the potential detrimental effects on cell survival in cases of inap-
propriate caspase activation, activation of caspases has to be tightly controlled. The 
anti - apoptotic mechanisms regulating cell death have also been implicated in 
conferring drug resistance to tumor cells.    
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  30.3.2 
 Exploiting the Apoptotic Machinery for Cancer Therapy 

 Based on the concept that resistance to apoptosis is a characteristic feature of 
human cancers that contributes to tumor formation and progression, strategies 
designed to restore defective apoptosis programs in cancer cells may overcome 
intrinsic or acquired resistance of tumor cells to current regimens  [45] . Also, 
apoptosis targeted therapies may enhance the responsiveness of human cancers 
towards conventional treatments that are currently used in clinics, for example, 
chemo -  or radiotherapy, since these therapies primarily exert their anti - tumor 
activity by triggering apoptosis in cancer cells  [40] . 

    Figure 30.2     Apoptosis pathways. Apoptosis 
pathways can be initiated by ligation of death 
receptors (DR) such as CD95 or TRAIL 
receptors (TRAIL - Rs) by their respective 
ligands, for example, CD95 ligand (CD95L) 
or TRAIL, followed by receptor trimerization, 
recruitment of adaptor molecules (FADD) 
and activation of caspase - 8 (receptor 
pathway). The mitochondrial pathway is 

initiated by the release of apoptogenic factors 
such as cytochrome c, Smac, or AIF from 
mito chondria in the cytosol. Apoptosis can 
be inhibited by Bcl - 2 or by  “ Inhibitor of 
Apoptosis Proteins ”  (IAPs). Smac promotes 
apoptosis by neutralizing IAP - mediated 
inhibition of caspase - 3 and  - 9. See text for 
more details.  
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  30.3.2.1   Targeting Death Receptors for Cancer Therapy 
 The idea to trigger death receptors in order to induce apoptosis in cancer cells is 
attractive for cancer therapy, since death receptors are directly linked to the cell ’ s 
intrinsic death machinery  [46] . Death receptors are members of the TNF receptor 
gene superfamily, which exhibit a broad range of biological functions besides trig-
gering cell death, including regulation of survival, differentiation, or immune 
responses  [42, 46, 47] . Death receptors share an intracellular domain called  “ death 
domain ” , which transmits the death signal from the cell ’ s surface to intracellular 
signaling pathways. The best - characterized death receptors include CD95 (APO - 1/
Fas),  TNF receptor 1  ( TNFRI ),   TNF - related apoptosis - inducing ligand  ( TRAIL ) 
receptor 1  ( TRAIL - R1 ), and TRAIL - R2. The corresponding ligands of the TNF 
superfamily comprise CD95 ligand, TNF α  or TRAIL. Death receptors are activated 
upon oligomerization in response to bind their cognate ligand or by agonistic 
antibodies. 

 Among the death receptor ligands, TRAIL is the most promising candidate for 
clinical development, since it predominantly kills cancer cells, while sparing 
normal cells  [48] . Recombinant soluble TRAIL or monoclonal antibodies targeting 
TRAIL receptors TRAIL - R1 or TRAIL - R2 were reported to induce apoptosis in a 
wide range of cancer cell lines and also  in vivo  in several xenograft models of 
human cancers  [48 – 50] . Interestingly, TRAIL - R2 antibody - based therapy was 
recently reported as an effi cient strategy not only to eliminate TRAIL - sensitive 
tumor cells, but also to induce tumor - specifi c T cell memory that afforded long -
 term protection from tumor recurrence  [51] . 

 Moreover, TRAIL - based combination therapies were developed, since a large 
proportion of human cancer turned out to be partially or completely resistant 
towards monotherapy with TRAIL, despite the expression of both agonistic TRAIL 
receptors. For example, synergistic interaction between TRAIL and chemotherapy 
or  γ  - irradiation was found in various cancers  [52, 53] .  

  30.3.2.2   Targeting the Mitochondrial Pathway for Cancer Therapy 
 Another approach to target apoptosis pathways for cancer therapy is to antagonize 
antiapoptotic Bcl - 2 family members. The Bcl - 2 family of proteins consists of both 
antiapoptotic members, for example, Bcl - 2, Bcl - X L , Mcl - 1, as well as proapoptotic 
molecules  [43] . The latter comprise, on the one hand, multidomain proteins such 
as Bax, Bak, and Bad and, on the other hand, BH3 - domain - only molecules, for 
example, Bim, Bid, Bmf, Noxa, or Puma  [43] . Bcl - 2 family proteins play an 
important role in the regulation of the mitochondrial pathway of apoptosis, since 
they are involved in the control of mitochondrial outer membrane permeabiliza-
tion  [43] . There are currently two models of how BH3 - only proteins activate Bax 
and Bak during the course of apoptosis. According to the direct activation model 
 [54] , putative activators such as Bim and cleaved Bid (tBid) bind directly to Bax 
and Bak to trigger their activation, while BH3 - only proteins that act as sensitiz-
ers, for example, Bad, bind to the pro - survival Bcl - 2 proteins. By comparison, 
the indirect activation model holds that BH3 - only proteins activate Bax and Bak 
by binding and thus inactivating the various antiapoptotic Bcl - 2 proteins that in 
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turn inhibit Bax and Bak  [55] . Imbalances in the ratio of anti -  versus pro - apoptotic 
Bcl - 2 proteins may tip the balance towards tumor cell survival and thus may 
contribute to tumor formation and progression. Since high expression of anti -
 apoptotic Bcl - 2 family proteins may confer resistance to chemo -  or radiotherapy 
by blocking the mitochondrial pathway of apoptosis, there has been much inter-
est in developing strategies to overcome the cytoprotective effect of Bcl - 2 and 
related molecules. A prominent example of these efforts is the development of 
the small molecule antagonist ABT - 737, which binds to the surface groove of 
Bcl - 2, Bcl - X L , and Bcl - w that normally interacts with the BH3 domain of Bax or 
Bak  [56] . By preventing the binding of antiapoptotic Bcl - 2 proteins to Bax or Bak, 
ABT - 737 frees Bax and Bak to oligomerize and form pores in the outer mito-
chondrial membrane, promoting the release of cytochrome c from mitochondria 
into the cytosol. Studies in cancer cell lines and preclinical models demonstrate 
that ABT - 737 as a single agent can trigger apoptosis in some susceptible cancer 
types, for example, those that critically depend on Bcl - 2 for survival  [56] . In addi-
tion, ABT - 737 sensitize cancer cells for apoptosis when combined with conven-
tional chemotherapeutics  [57] . Since ABT - 737 targets Bcl - 2/Bcl - xL but not Mcl - 1, 
high expression of Mcl - 1 may confer resistance to this novel agent. Indeed, 
several recent reports indicate that Mcl - 1 represents a key determinant of ABT -
 737 sensitivity and resistance in cancer cells  [58, 59] . Collectively, these fi ndings 
suggest that small molecule inhibitors of antiapoptotic Bcl - 2 family proteins may 
open new perspectives to reactivate the mitochondrial pathway of apoptosis in 
cancer cells.  

  30.3.2.3   Targeting  “ Inhibitor of Apoptosis Proteins ”  ( IAP  s ) for Cancer Therapy 
 Another promising therapeutic strategy directed at apoptosis regulators is the 
neutralization of  “  Inhibitor of Apoptosis Proteins  ”  ( IAPs ). The family of endoge-
nous caspase inhibitors, IAPs, comprise eight human analogues, XIAP, c - IAP1, 
c - IAP2, survivin, apollon, livin/ melanoma - IAP  ( ML - IAP ), NAIP, and ILP - 2  [60] . 
IAPs have been reported to directly inhibit active caspase - 3 and  - 7 and to block 
caspase - 9 activation  [60] . The role of survivin in the regulation of apoptosis and 
proliferation is more complex compared to other IAP family proteins, since in 
addition to regulation of apoptosis, survivin is involved in regulation of mitosis 
 [61] . There is mounting evidence that cancer cells have an intrinsic drive to apop-
tosis that is held in check by IAPs. To this end, high basal levels of caspase - 3 and 
caspase - 8 activities and active caspase - 3 fragments in the absence of apoptosis 
were detected in various tumor cell lines and cancer tissues, but not in normal 
cells  [62] . Tumor cells in contrast to normal cells also expressed high levels of 
IAPs, suggesting that upregulated IAP expression counteracts the high basal 
caspase activity selectively in tumor cells  [62] . 

 Since IAPs are expressed at high levels in the majority of human cancers, 
they present an attractive molecular target. Consequently, several strategies 
have been developed to target enhanced expression of IAPs in human malig-
nancies. For the design of therapeutic small molecules directed against XIAP, 
the binding groove of the BIR3 domain of XIAP, to which Smac binds after 
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its release from the mitochondria, has attracted most attention  [63] . Smac 
peptides that neutralize XIAP through binding to its BIR2 and BIR3 domains 
were able to promote caspase activation and enhanced TRAIL -  or chemo-
therapy - induced apoptosis. In addition, Smac peptides even substantially 
increased the antitumor activity of TRAIL  in vivo  in an intracranial malignant 
glioma xenograft model, resulting in complete eradication of established tumors 
 [64] . Also, XIAP antisense oligonucleotides exhibited potent antitumor activity 
as a single agent and in combination with clinically relevant chemotherapeutic 
drugs  [65, 66] . Currently, XIAP antisense oligonucleotides are evaluated in 
phase I/II clinical trials, either as single agents or in combination with che-
motherapy in advanced tumors. Thus, Smac agonists, low molecular weight 
XIAP antagonists, or XIAP antisense oligonucleotides are promising new 
approaches to either directly engage apoptosis or to lower the threshold for 
apoptosis induction in cancer cells.    

  30.4 
 The Challenge of Today: Defi ning the Right Patients for the Right Therapeutic 
Concept 

 The examples given above illustrate the promising potential of molecular targeted 
therapy. However, they also illustrate the increasing importance of including 
molecular diagnosis to achieve an appropriate patient selection for therapy. 
Increasing attention is being given to the fi eld of pharmacogenomics, which 
investigates the genetic conditions of patients defi ning a particular type of 
response to certain therapeutics  [67] . For example, there is increasing evidence 
that genetic polymorphisms which, under normal conditions, are not relevant for 
a disease or a phenotype, can signifi cantly modify the response to certain types 
of therapies, for example, cytochrome p450 - dependent substances  [67] . Such poly-
morphisms can also infl uence the response not only to novel molecular targeted 
therapies, but also classical chemo -  or radiation therapy. Prominent examples for 
this notion are certain enzymes involved in DNA - repair mechanisms. For 
example, certain polymorphisms within the  XRCC3  gene ( X - ray repair cross 
complementing group 3 ) have are associated with a signifi cantly longer survival 
following Cisplatinum/Gemcitabine - based therapy in non - small cell lung cancer, 
as compared to Cisplatinum/Docetaxel - based therapy. The survival benefi t 
resulting from these polymorphisms was observed especially in young patients 
with non - small cell lung cancer  [68] . The consequence of such a study would 
be that younger patients with non - small cell lung cancer harboring particular 
polymorphisms of the  XRCC3  gene would be treated with Cisplatinum/
Gemcitabine rather than Cisplatinum/Docetaxel. In another study  [69]  it was 
shown that a particular polymorphism of the   ERCC1   gene ( excision repair cross 
complementing group 1 ), ERCC1 - 8092A/A, defi nes particularly poor survival fol-
lowing treatment with Cisplatinum/Docetaxel. ERCC1 is an important enzyme 
conducting nucleotide - excision DNA repair that is known to remove DNA adducts 



following Cisplatinum - based therapy. Certain ERCC1 polymorphisms affect 
ERCC1 expression, and it has been shown that NSCLC patients with low ERCC1 
expression respond better to Cisplatinum - based therapy than patients with high 
ERCC1  [70] . For information on DNA - repair diagnostics in lung cancer, see also 
the Chapter  10  on lung tumors in this book. 

 These are only two of many recent examples illustrating that genetic polymor-
phisms within DNA repair relevant for metabolizing DNA changes following 
particular types of chemotherapy can signifi cantly modify the therapeutic response 
of tumor patients towards classical therapy concepts. They illustrate that pharma-
cogenomics will be of increasing importance for optimizing therapeutic com-
pounds towards the individual genetic and molecular conditions of an individual 
tumor patient in the future. Certainly, novel generations of targeted therapy strate-
gies will also increasingly have to consider particular molecular or genetic varia-
tions and changes within patients for further signifi cant improvement of therapy 
response and survival of cancer patients. Therefore, individual genetic or inherited 
conditions, which by themselves might not cause disease, will become increasingly 
important, even for sporadic types of cancers, and for the therapy of tumors with 
a non - familiar background.  

  30.5 
 Conclusion 

 Over the last two decades the elucidation of molecular conditions, among them 
signal transduction pathways involved in regulation of tumor growth, cell death 
in human cancers, or molecular markers of cancer progression, have provided the 
fundamental basis for the development of molecular targeted therapies. Since 
such strategies are specifi cally directed against key components that are crucial 
for the cancer cell ’ s survival and function, they may be more selective and effective 
in killing malignant rather than non - malignant cells. While several approaches 
have already been translated into medical application, many concepts have still to 
be evaluated in (pre)clinical trials. Another main goal with molecular targeted 
therapies will be considering appropriate patient selection to enrich for a more 
responsive population. This will certainly include sporadic as well as inherited 
molecular conditions that become increasingly elucidated. Eventually, these efforts 
are expected to yield more effective yet less toxic treatment options for patients 
suffering from cancer.  
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