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Foreword

■  F rom t h e e d i to r - i n - C h i e F

Radiation Medicine Rounds is a hard cover periodical published three times a year that is designed to provide 
an up-to-date review of a dedicated radiation medicine topics of interest to clinicians and scientists who are 
involved in the care of patients receiving radiotherapy. It is intended to serve as both a reference and instruc-
tional tool by students, housestaff, fellows, practicing clinicians, medical physicists, cancer biologists, radiobi-
ologists, and interdisciplinary colleagues throughout the oncology spectrum.

For the current issue, Thoracic Malignancies, Guest Editor, Dr. Steven Schild has assembled a dedicated 
group of investigators who have written a compilation of succinct and timely reviews on the most important 
aspects of radiotherapy for the most common solid tumors that originate in the thorax. On behalf of the edito-
rial board, I congratulate Dr. Schild for putting together a state-of-the-art product of superior quality that will 
serve as a valuable resource in the field of thoracic radiation medicine.

Charles R. Thomas, Jr.





Preface

This first issue of Radiation Medicine Rounds focuses on thoracic malignancies. It is most appropriate to start 
here because these tumors take more lives than any others. In addition, they are amongst the most preventable 
adding to the huge human tragedy associated with them. Smoking is a huge problem that has fortunately been 
decreasing in the United States. This is in large part due to education regarding the risks, increases in taxes, 
and prohibition of smoking in many public places.

This book includes the multidisciplinary nature of the care of these tumors. There is representation from 
radiation oncology, medical oncology, and surgery. This provides a well-rounded summarization of the current 
practices. This book also reflects the practice and insights of a group of caregivers who work primarily at Mayo 
Clinic. This institution has provided incredible opportunities for the authors, many of whom were trained and 
practice there. The clinic emphasizes the importance of putting the patient’s needs above all others.

Included are chapters on lung cancer, esophageal cancer, and thymomas. These include the bulk of tho-
racic tumors. Most of the authors are relatively young and, thus, potentially less biased and likely to be more 
aware of current findings. The basic organization for each chapter is

1. Pathology and Natural History
2. Clinical Behavior, Evaluation, and Staging
3. Therapy
4. Algorithm
5. Future Research and Future Therapy

The multidisciplinary nature of the authors provides an up-to-date summary giving readers a well-rounded 
education regarding these tumors and their care.

Steven E. Schild, MD
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E P I D EM I O LO GY ■

Lung cancer remains the most common cause of 
 cancer-related death in North America. A total of 
219,440 new cases with 159,390 deaths related to 

Radiotherapy  for Early-Stage Non–Small Cell 
Carcinoma of  the Lung

Jason A. Call and O. Kenneth Macdonald*

Mayo Clinic, Rochester, MN

A b s t r Ac t ■

Pathology: Lung cancer is the most common cause of death from cancer in the United States and is divided into 
small cell lung cancer and non–small cell lung cancer (NSCLC). NSCLC includes adenocarcinomas, squamous cell 
carcinomas, and large cell carcinomas. Smoking is the most likely cause of many cases of NSCLC.
Evaluation and Staging: For early-stage NSCLC, evaluation begins with a computed tomography (CT) scan of 
the chest and upper abdomen, history and physical, and basic laboratory work. Once the diagnosis has been con-
firmed, further evaluation with positron emission tomography (PET)/CT scan, pulmonary function tests (PFTs), 
and bronchoscopy may be in order. Some patients may require mediastinoscopy or brain magnetic resonance imag-
ing. Staging relates to the primary tumor (T), nodal status (N), and presence of distant disease (M).
Therapy: Standard therapy for early-stage NSCLC involves surgery with an anatomic resection. Long-term survival 
of up to 60% to 80% can be achieved in some patients after surgery. Radiotherapy with or without chemotherapy 
has been offered to patients who either cannot tolerate surgery or refuse surgery. Results of local control with con-
ventional radiotherapy in early-stage NSCLC are poor compared with the results of surgery. Some patients achieve 
high rates of local control (80%–95%) using high-dose-per-fraction stereotactic body radiotherapy (SBRT).
Algorithm: Patients should undergo surgical resection when no contraindications exist. For medically inoperable 
lung cancer, radiotherapy with or without chemotherapy should be offered to patients with adequate performance 
status and life expectancy. For conventional radiotherapy alone, a dose of up to 77.4 Gy in fractions of 2 to 2.15 Gy 
can be used. When used with chemotherapy, doses of up to 74 Gy in 2-Gy fractions are recommended. SBRT may 
be used in some patients with peripheral T1–2 or T3 (by chest wall invasion) tumors ≤5 cm without nodal or distant 
metastasis.

cancer of the lung or bronchus were predicted in 
the United States in 2009 (1). Although prostate 
cancer is more common in men and breast cancer 
more common in women, cancer of the lung and 
bronchus remains the leading cancer type in terms of 
mortality in either sex (1). Smoking is most likely the 
major cause of these statistics as it has been shown to 
increase the risk of all major histologic types of lung 
cancer (2).

*Corresponding author, Department of Radiation 
Oncology, 200 1st St. SW, Rochester, MN 55905

E-mail address: macdonald.orlan@mayo.edu

Radiation Medicine Rounds 1 (2010) 1–20.
© 2010 Demos Medical Publishing LLC. All rights reserved. 
DOI: 10.5003/2151–4208.1.1.1 demosmedpub.com/rmr

mailto:macdonald.orlan@mayo.edu


2  Thoracic Malignancies 

PAt H O LO GY ■

Cancers of the lung and bronchus are divided into 
two main pathologic entities: small cell lung cancer 
(SCLC) and non-small cell lung cancer (NSCLC). 
NSCLC includes several histologic types as clas-
sified by the World Health Organization (WHO) 
(3). A summary of this classification is given here. 
Common subtypes of NSCLC under the WHO clas-
sification are adenocarcinomas, squamous cell carci-
nomas (SCCs), and large cell carcinomas.

Adenocarcinomas are a heterogeneous group of 
malignancies that characteristically are found at the 
periphery of the lungs. These cancers are the most 
common type of NSCLC diagnosed in the United 
States and among nonsmokers, although most cases 
are seen in smokers. Adenocarcinomas are epithelial 
tumors that typically have glandular differentiation 
or produce mucin. They can spread distantly through 
the lymphatics or hematogenously.

Adenocarcinomas exist in several histopathologic 
forms. As classified by the WHO, the major histologic 
patterns include acinar, papillary, bronchioloalveolar, 
and solid adenocarcinoma with mucin production. 
The most common presentation is adenocarcinoma, 
mixed subtype. Less commonly a pure subtype alone 
is seen. When a papillary pattern is seen it is thought 
to carry a worse prognosis. Pulmonary adenocar-
cinomas are classified as well (grade 1), moderately 
(grade 2), or poorly differentiated (grade 3) tumors.

Bronchioloalveolar carcinoma (BAC) deserves 
special attention as these tumors typically have a rela-
tively good prognosis. BAC tumors grow in a lepidic 
pattern along alveolar structures. There are nonmu-
cinous and mucinous variants of BAC. Tumors can 
present as a solid lesion or can spread aerogenously in 
a multifocal or consolidative pattern. A mixed muci-
nous and nonmucinous type is less common. The 
diagnosis of true BAC requires that there be no evi-
dence of invasion into stroma or vascular or alveolar 
structures. When invasion is present, these tumors 
are commonly classified as adenocarcinoma with pre-
dominant BAC pattern.

SCC is yet another commonly seen epithelial 
tumor that is considered to have a somewhat better 
prognosis than adenocarcinomas of the same stage. 
These cancers can show keratinization, pearl forma-
tion, or intercellular bridges and present with different 
degrees of differentiation. Compared with adenocar-
cinomas, SCCs typically are central in location. SCCs 
tend to be locally aggressive cancers that can become 

large with central cavitation. Subtypes of SCC, such 
as papillary, clear cell, small cell, and basaloid vari-
ants, can occur. Necrosis may represent a risk factor 
for poor prognosis in these tumors. Under the current 
system, tumors with at least 10% squamous cell dif-
ferentiation and 10% adenocarcinoma differentiation 
are designated as adenosquamous differentiation.

Large cell carcinomas represent undifferenti-
ated NSCLCs and are observed in less than 10% of 
lung cancers. Large cell carcinomas lack the features 
to qualify as an SCC, adenocarcinoma, or small cell 
carcinoma. One unique type is lymphoepithelioma-
like carcinoma, which can present as a more advanced 
tumor yet may have a better prognosis. The large cell 
neuroendocrine type is thought to have a poor prog-
nosis, as does the basaloid carcinoma type (4). Other 
distinct subtypes include clear cell carcinoma and 
large cell carcinoma with rhabdoid features.

s tAG I N G ■

Guidelines for the staging of early lung cancers are 
summarized in Figure 1. In addition to a history and 
physical exam, initial workup should include computed 
tomography (CT) of the chest and upper abdomen as 
well as a complete blood count and chemistry panel. 
For those found to harbor T1–2 N0–1 tumors on 
imaging, workup should include pulmonary function 
tests (PFTs), a positron emission tomography (PET)/
CT scan, mediastinoscopy (in selected individuals), 
and bronchoscopy. Patients with stage II or higher dis-
ease are also recommended to undergo a brain MRI. 
Preoperative pathologic evaluation can be obtained by 
one of the following methods: bronchial brushings or 
washings, fine needle aspiration, core needle biopsy, 
endobronchial biopsy, or transbronchial biopsy. 
Smoking cessation should also be advised in patients 
with a smoking history. The current American Joint 
Committee on Cancer staging for NSCLC is shown in 
Table 1A and 1B in the next chapter (Radiotherapy for 
the Locally Advanced Non–Small Cell Lung Cancer; 
pages 22 and 23) (5).

t H E r A P Y ■

Primary therapy in early-stage NSCLC involves 
surgery, with expected 5-year overall survival (OS) 
as high as 60% to 80%. For patients with medical 
contraindications to surgery or who refuse surgery, 



Radiotherapy for Early-Stage Non–Small Cell Carcinoma of the Lung  3

radiotherapy with or without chemotherapy can be 
offered. More recently, excellent local control with 
acceptable side effects has been observed when treat-
ing medically inoperable patients with stereotactic 
body radiotherapy (SBRT).

Surgery for Early-Stage NSCLC

Currently, the standard treatment for patients without 
contraindications to surgery or anesthesia is removal 
of the cancer with an anatomic lobectomy along with 
mediastinal lymph node staging. Selected published 
results for surgery are summarized in Table 1 (6–9). 
Surgery alone can produce local control and long-
term survival in as many as 60% to 80% of patients 
with stage I disease. More limited surgery was found 
to be inferior in a randomized clinical trial com-
pleted by the Lung Cancer Study Group (LCSG) (7). 
This trial was designed to compare sublobar resection 
with lobectomy in patients with peripheral, clinically 
staged T1 N0 tumors. The authors observed a 75% 
increase in recurrence (P = .02), a tripling of local 
recurrence (P = .008), a 30% increase in death rate 
(P = .08), and a 50% increase in death with cancer 
rate (P = .09) for limited resection compared with 
lobectomy.

Modern experience has brought into question 
the results of the LCSG trial (with patients enrolled 
from 1982 to 1988). Smaller tumors seem to have a 
better prognosis (8,9), and more limited surgery for 
these patients may be adequate with currently avail-
able staging methods and technologies (10,11).

Unlike at the time the LCSG trial was performed, 
spiral CT scanners are now readily available, allow-
ing even smaller pulmonary lesions to be identified. 
Even among T1 tumors, size has been shown to cor-
respond with prognosis. Gajra et al. (8) reviewed 246 
patients treated with either lobectomy, bilobectomy, 
or pneumonectomy for stage IA NSCLC. Patients 
with tumors ≤1.5 cm had a 5-year disease-free sur-
vival of 81.5%, compared with 70.9% for those with 
tumors 1.6 to 3.0 cm in size (P = .03). The 5-year 
OS was 85.5% versus 78.6% in favor of the smaller 
lesions (P = .05). A multivariate analysis that also 
accounted for gender, age, histology, and differentia-
tion showed that patients with smaller tumors had 
a better prognosis. Other institutions have noted 
similar results by size when comparing outcomes for 
completely resected stage IA NSCLC (9).

Furthermore, some authors have raised concerns 
that lobectomy may result in worse pulmonary func-
tion postoperatively than more limited resection (12). 
This is in contrast to the results of the LCSG trial, 
which did not find a substantial advantage for limited 
resection in preserving PFTs at 12 to 18 months (7). 
Keenan et al. (12) retrospectively analyzed the results 
for 201 patients treated with surgery for NSCLC. 
Of these, 159 patients were alive without disease at 
1 year. The 115 who underwent lobectomy had sig-
nificant declines in all areas of pulmonary function. 
In contrast, segmental resection seemed to preserve 
pulmonary function in the 44 patients undergoing 
this procedure. A decline in diffusing capacity of the 
lung for carbon monoxide (Dlco) was the only signifi-
cant change in this subgroup.

Staging Algorithm for Early Stage NSCLC

NSCLC

Initial Evaluation
• Pathology review
• History and physical
• CT chest and upper
 abdomen, including
 adrenals
• CBC, platelets
• Chemistry profile
• Smoking cessation
 counseling

• PFTs
• Bronchoscopy
• Mediastinoscopy
 (in selected cases)
• PET/CT scan

• PFTs
• Bronchoscopy
• Mediastinoscopy
• PET/CT scan
• Brain MRI
 (stage II only)

Clinical stage I, 
peripheral* T1 N0**

Clinical stage I,
peripheral T2 N0,

central T1-2 N0 and 
clinical stage II, T1-2 N1

*Peripheral tumors are located in the outer half of the lung on CT, central tumors are located in the inner half.
**Mediastinal CT negative (lymph nodes <1 cm).

Figure 1 General guidelines for the identification and staging of early-stage non–small cell lung cancer. 
(Adapted from NCCN guidelines, 2009, www.nccn.org).
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Current preoperative staging techniques may be 
able to identify a subgroup of patients with favorable 
tumors for whom more limited surgery may be suita-
ble. This issue is being addressed in an ongoing phase 
3 randomized trial being conducted by the Cancer 
and Leukemia Group B (CALGB).

Observation

For some patients with early-stage NSCLC surgery 
may not be feasible because of poor pulmonary 
reserve or other comorbidities. When a patient has 
medical contraindications to surgery, radiation is 
often given, and some patients are observed. At the 
Richard L. Roudebush VA Medical Center, 128 
patients were found with stage I to IIA NSCLC 
from 1994 to 1999 (13). These patients were treated 
with surgery or radiotherapy or underwent observa-
tion only. The median OS was 14.2, 16.0, 20.8, and 
46.2 months for observation, radiotherapy with pal-
liative intent, radiotherapy with curative intent, and 
surgery, respectively. The advantage of surgery over 
the other approaches was statistically significant. 
Although these retrospective data do not provide a 
definitive answer as to whether there is any poten-
tial benefit of radiotherapy in medically inoper-
able early-stage NSCLC, only 4 of the 49 patients 
who were observed were alive at the time of review. 
Cancer was recorded as the cause of death in 26 of 
41 observed patients for whom a cause of death was 
recorded. Currently, observation is not a standard 
option for patients who have no contraindications 
to treatment.

Definitive Conventional Radiotherapy

Several authors have reported results for patients 
treated with radiation alone for early-stage NSCLC. 
Selected results are summarized in Table 2 (14–22). 
Overall, results with conventional radiotherapy 
are not comparable to results from surgical series. 
Although techniques and doses have varied consid-
erably between institutions, a proportion of patients 
have long-term disease control with standard frac-
tionated radiotherapy. However, local control and 
distant metastases remain significant problems in 
these patients.

Sibley et al. (14) reported the Duke experience 
in treating early-stage NSCLC with radiotherapy 
alone. These authors reviewed 141 patients with 
stage I tumors that were medically inoperable but 
treated with radiotherapy without surgery or initial 
chemotherapy. The rates of 2-year and 5-year cause-
specific survival (CSS) were 60% and 32%, with 
corresponding OS of 39% and 13%, respectively. 
On further analysis, increasing the radiotherapy 
dose seemed to predict for improved CSS, although 
this was not statistically significant. On analyzing 
the patterns of first failure for the 55 patients with 
failure, 42% failed locally only, 38% had a dis-
tant failure only, and regional-nodal failure alone 
accounted for 7%.

A meta-analysis published by Rowell and 
Williams (23) focused on the effectiveness of radi-
cal radiotherapy for stage I or II NSCLC. In the 
studies reviewed, rates of 5-year OS ranged from 
0% to 42%, and rates of CSS (when reported) were 
13% to 39%. Results varied by stage, with T1 
tumors demonstrating 5-year OS rates of between 

Table 1 Published results of resection for early-stage non–small cell lung cancer

 
Study

 
Stage

 
n

 
Surgery

 
Size

Locoregional 
Failure (%)

5-Year  
Survival (%)

5-Year Cancer-
Specific Survival (%)

Okada  
et al. (6)

Stage I 778 Various <20 mm
21 to <30 mm
≥31 mm

92.4, 96.7, 85.7a

87.4, 84.6, 39.4a

81.3, 62.9, 0a

Ginsberg and 
Rubinstein (7)

T1 N0 247 Limited 
lobectomy

17
 6

~45
~65

Gajra et al. (8) T1 N0 246 Anatomic 
resection

≤ 1.5 cm
1.6–3.0 cm

85.5
78.6

Port et al. (9) T1 N0 244 Mostly 
lobectomy

≤ 2 cm
> 2 cm

77.2
60.3

81.4
63.4

aLobectomy, segmentectomy, and wedge resection, respectively.
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29% and 37%, compared with 4% to 24% for 
T2 lesions. Although the reported rates of local 
failure were quite broad (6%–70%), it remained 
a significant problem in most reports. This meta-
analysis also emphasizes the problem associated 
with the later development of distant metastasis: 
16% to 40% of patients with initial stage I dis-
ease failed distantly, with rates of distant disease 
of 25% to >50% among patients with stage IIA or 
IIB disease.

Overall, results for primary radiotherapy 
in early- stage NSCLC have been disappointing. 
Although a few patients enjoy durable long-term 
results, when radiotherapy is compared with sur-
gery local control remains a significant issue in most 
patients.

Radiation Dose and Fractionation
Given the relatively poor prognosis of patients treated 
with definitive radiotherapy for NSCLC, several 
efforts have been made to improve the results for 
early- stage patients who cannot have surgery. Results 
for patients treated with higher doses and altered 
fractionation schemes have been reported.

Traditionally, fractionated radiotherapy for 
NSCLC has generally consisted of doses of 1.8 to 2.0 
Gy per fraction given 5 days per week for a total dose 
of approximately 60 to 66 Gy. In the past, higher doses 
have been avoided due to concern for normal tissue 
toxicity. With the development of modern treatment 
planning systems and conformal radiotherapy, inter-
est has turned to treating with higher doses in hopes 
of being able to improve tumor control.

Table 2 Published results of conventional definitive radiotherapy for early-stage non–small cell lung cancer

 
Study

 
Therapy Details

 
n

Clinical  
Stage

 
Survival (Time)

Local 
Failure

Distant 
Metastasis

Sibley et al. (14) 50–80 Gy (median  
64 Gy); 1.2 Gy twice daily 
to 3 Gy daily

141 Stage I 39% (2 y)
13% (5 y)

22%a 23%a

Hayakawa et al. (15) 60–81 Gy; 2 Gy daily 36 Stage I 42% (3 y)
23% (5 y)

28%b 36%

Jeremic et al. (16) 69.6 Gy; 1.2 twice daily 49 Stage I T1: 76% (2 y), 
37% (5 y)
T2: 50% (2 y), 
24% (5 y)

T1: 29%b

T2: 62%b

25% (at 5 y)

Slotman et al. (17) 48 Gy; 4 Gy daily 31 Stage I 72% (2 y)
42% (3 y)
8% (5 y)

6% 16%

Morita et al. (18) 55–75 Gy; mostly  
2 Gy daily

149 Stage I 34% (3 y)
22% (5 y)

44%

Krol et al. (19) 60 Gy (3 Gy daily; 3-wk 
break at fraction 10) or  
65 Gy (2.5 Gy daily)

108 Peripheral 
Stage I

49% (2 y)
31% (3 y)
15% (5 y)

67% 33%

Kaskowitz et al. (20) 39–79.2 Gy 53 Stage I 43% (2 y)
19% (3 y)
6% (5 y)

51%  
(3-yr PFS)

32%

Kupelian et al. (21) Median 63 Gy 71 T1–4 N0 19% (3 y)
12% (5 y)

T1: 11%c

T2: 39%c

T3: 58%c

T4: 45%c

Rosenthal et al. (22) 18–65 Gy (median 60 Gy) 62 T1–2 N1 33% (2 y)
20% (3 y)
12% (5 y)

55% 31%a

PFS, progression-free survival.
aIncludes first failures only; b5-year local failure; c3-year rate.
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A phase 2 dose escalation study using three-
dimensional conformal radiation therapy (3DCRT) 
at the University of Michigan enrolled 104 patients 
with stage I to III NSCLC between 1992 and 1999 
(24). Twenty-five patients also received neoadjuvant 
chemotherapy. Patients were escalated in 5 groups 
depending on the volume of normal lung irradiated. 
At the time of the analysis, 63 patients had completed 
the protocol and were assessable. With doses rang-
ing from 63 to 102.9 Gy, there were 23 patients who 
failed in the planning target volume (PTV) at first 
failure. This included 9 of 16 assessable patients at a 
dose level of 69.3 Gy, 2 of 10 at a level of 75.6 Gy, 4 
of 12 at a level of 84 Gy, and 1 of 8 at a level of 92.4 
Gy. Only 2 patients experienced grade 3 pneumonitis. 
Another dose escalation study from Memorial Sloan-
Kettering Cancer Center included 104 patients with 
stage I to III NSCLC treated with 3DCRT (25). The 
authors found a maximum tolerated dose (MTD) of 
84 Gy, with the higher dose level of 90 Gy having 
excessive pulmonary toxicity. Their data suggest an 
improvement in OS with doses of 80 Gy or more. 
The Radiation Therapy Oncology Group (RTOG) 
conducted a dose escalation trial using 3DCRT for 
NSCLC (26). Fraction size was 2.15 Gy. They con-
cluded that a dose of 83.8 Gy could be safely delivered 
in patients in whom the volume of lung receiving 20 
Gy or more (V20) was <25%, and that a dose of 77.4 
Gy could be safely used in patients with V20 values 
from 25% to 36%. They were unable to demonstrate 
a dose response for tumor control. Locoregional con-
trol remained a problem, with 2-year rates of 50% to 
78%. The authors speculated that a lack of benefit for 
a higher dose may have been due to the prolonged 
treatment times, with treatment taking 8 weeks or 
more to complete.

In the previously mentioned meta-analysis of 
radiotherapy for early-stage NSCLC, radiation dose 
correlated with the ability of achieving complete 
response with rates of 60% in patients treated to 72 Gy 
compared with 32% if only 60 Gy was given (23).

Altered fractionation regimens have also been 
used in early medically inoperable NSCLC. Sause et 
al. published results for 161 patients with lung can-
cer treated mostly with 12 fractions of 4 Gy each. Of 
these patients, 16% had stage I tumors, and 22% had 
stage II. Of the 113 patients at risk, at 4 years, 10.6% 
were still alive at that time. For patients with NSCLC 
and negative supraclavicular nodes, 18.3% of patients 
were alive at 4 years (27). In another report, by Slotman 
et al., 31 patients with T1–2 disease were treated using 

hypofractionation to a dose of 48 Gy delivered in 12 
fractions (17). The 3-year OS and CSS were 42% and 
76%, respectively. Cheung et al. also used a dose of 
48 Gy in 12 fractions for 33 patients with T1–2 N0 
NSCLC. The 2-year OS was 46%, and recurrence-
free survival was 40% (28). In a randomized trial test-
ing continuous, hyperfractionated accelerated radio-
therapy versus conventional dose radiotherapy, OS 
was improved with the altered fractionation technique 
(29). This trial included stages I to III NSCLC, and in 
the subgroup analysis there was no evidence that this 
benefit was limited to any particular stage.

Chemoradiotherapy
In advanced-stage NSCLC, chemoradiotherapy has 
an established role in the definitive management of 
disease. Given the relatively poor results of primary 
radiotherapy alone in early-stage NSCLC compared 
with surgery, chemoradiotherapy has also been tested 
for these patients. At the Peter MacCallum Cancer 
Centre, 39 patients were treated with chemoradio-
therapy and 34 with radiotherapy alone for inoper-
able stage I NSCLC between 2000 and 2004 (30). 
Radiotherapy consisted of 60 Gy in 30 fractions in 
the chemoradiotherapy group and either that same 
regimen or 50 to 55 Gy in 20 fractions in the radio-
therapy alone group. Chemotherapy was delivered 
concurrent with radiation and consisted of either 
single-agent carboplatin or a cisplatinum-based 
regimen. The patients treated with chemoradio-
therapy experienced a local progression-free survival 
at 2 years of 66%, compared with 55% with radio-
therapy alone, with corresponding 2-year rates of dis-
tant progression-free survival of 60% and 63%. This 
experience highlights that local and distant disease 
control remain problematic even with the addition of 
chemotherapy to radiotherapy.

Stereotactic Body Radiotherapy

SBRT is becoming more common in the treatment of 
patients with early-stage NSCLC who are not surgi-
cal candidates. As mentioned, published experiences 
using limited radiotherapy fields with conventional 
fractionation have reported only marginal rates of 
local control. With elimination of large elective nodal 
fields, attention has been placed on focal treatments 
with higher doses per fraction. SBRT has been used 
to treat clinically staged T1–2 or select T3 patients 
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without nodal disease. Selected published results are 
presented in Table 3 (31–40). Overall, local control 
following SBRT for early-stage lung cancer has dem-
onstrated rates of 80% to 95% at 2 to 3 years.

Uematsu et al. (41) treated 131 patients with 
stage I disease with stereotactic radiotherapy. In most 
cases, doses of 50 to 60 Gy in 5 to 10 fractions were 
prescribed. With a median follow-up of 90 months 
in living patients, the 5-year and 10-year CSSs were 
78% and 74%, respectively. Local progression was 
found in 5 patients on follow-up imaging.

A large series published by Onishi et al. (38) 
summarizes the results of 257 patients treated with 
total doses of 30 to 84 Gy at the isocenter in 1 to 14 
fractions at 14 institutions in Japan. Dose per frac-
tion varied from 4.4 to 35 Gy. The authors calculated 
the biologically effective dose (BED) using the lin-
ear quadratic (LQ) model with an α:β ratio of 10. 
For surgically operable patients, OS was 70.8% for 
patients treated with a BED ≥100 Gy but was only 
30.2% if a BED dose of <100 Gy was used. The 
authors also reported a statistically significant dif-
ference in local and distant failures favoring higher 

doses when patients who received BEDs of ≥100 Gy 
were compared with patients who received <100 Gy.

Prospective data from a phase 1 trial have been 
reported from Indiana University (42). Forty-seven 
patients with medically inoperable stage I NSCLC 
were treated on this dose escalation protocol. Patients 
received three fractions of radiation delivered to the 
target, with a starting total dose of 24 Gy. For patients 
with T1 tumors, no MTD was achieved despite 
reaching a dose level of 60 Gy. The patients with T2 
tumors did meet an MTD of 66 Gy in tumors 5 to 
7 cm. For smaller T2 lesions no MTD was achieved 
despite testing to 66 Gy. Local failures were observed 
in 4 of 19 T1 tumors and 6 of 28 T2 tumors. Control 
seemed to be related to the radiation dose. Of the 
10 local failures, 9 patients had a fractional dose of 
≤16 Gy. Only one failure occurred at higher doses.

Indiana University also completed a phase 2 trial 
of their three-fraction technique. Seventy patients 
were treated on this protocol (37). Clinically staged 
T1 tumors received 60 Gy, whereas T2 tumors were 
treated with 66 Gy. They observed excellent local 
control at 2 years (95%). Toxicity results, however, 

Table 3 Published results with stereotactic body radiotherapy for early-stage non–small cell lung cancer

 
Study

Fraction 
Size

 
Total Dose

 
n

Follow-UP 
(Years)

 
Clinical Stage

2-Year  
Survival (%)

2-Year 
LC (%)

Uematsu et al. (31) 5–12 Gy 50–60 Gy @ 
80% IDL

50 3 T1–2 N0 77a 94

Onimaru et al. (32) 6–7.5 Gy 48–60 Gy @ 
isocenter

17 2 T1–2 N0 42 85

Wulf et al. (33) 10–26 Gy 26–37.5 Gy 20 2 I–II 32 92
Xia et al. (34) 5 Gy 50 Gy @ 50% 

IDL
43 3 I (n = 25)

II (n = 18)
91
64

96
93

Hoyer et al. (35) 15 Gy 45 Gy @ 
isocenter

40 2.4 Early stage 48 85

Nagata et al. (36) 12 Gy 48 Gy @ 
isocenter

45 3 T1 N0 (n = 32)
T2 N0 (n = 13)

84
72

95
100

Timmerman  
et al. (37)

20–22 Gy 60–66 Gy @ 
PTV periphery

70 1.5 T1 N0 (n = 35)
T2 N0 (n = 35)

55 95

Onishi et al. (38) 4.4–35 Gy 30–84 Gy @ 
isocenter

257 3 T1 N0 (n = 164)
T2 N0 (n = 93)

82
83

 
85

Lee et al. (39) 10 Gy 30–40 Gy @ 
PTV periphery

9 1.5 T1–2 N0 100 90

Baumann et al. (40) 10–20 Gy 30–48 Gy @ 
65% IDL

141 2.75 T1 (n = 56)
T2 (n = 85)

68 100
85

IDL, isodose line; LC, local control; PTV, planning tumor volume. 
a Two-year survival was 88% in those medically operable.
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caused concern about using high doses in centrally 
located tumors. Grade 3 to 5 toxicity was observed in 
a total of 14 patients. Tumor location was subdivided 
into central and peripheral location. Central tumor 
location was within 2 cm of the proximal bronchial 
tree. The 2-year freedom from severe toxicity was 
83% in peripheral tumors, whereas it was only 54% 
in central tumors.

Researchers from Stanford have performed a 
phase 1 dose escalation study for single-fraction 
radiosurgery (43). Patients with either early-stage 
NSCLC or solitary lung metastases were eligible. At 
doses of >20 Gy freedom from local progression at 
1 year was 91%, compared with only 54% for doses 
<20 Gy.

Experience from Japan using somewhat lower 
total doses of radiation has been reported. In a phase 
1/2 trial of 45 patients treated at Kyoto University, 
Nagata et al. (36) reported success using a dose of 
48 Gy delivered in four fractions. The 5-year local 
relapse-free rate was 95% for T1 lung cancers and 
100% for T2. The 5-year disease-free survival was 
72% and 71% for T1 and T2 tumors, respectively. 
A Japanese Clinical Oncology Group (JCOG) trial 
(0403) is currently testing this dose fractionation in a 
multi-institutional setting.

Some have raised concern that the surgical cor-
relate of SBRT would be a wedge resection. This is 
alarming given the evidence of superior local con-
trol of anatomic resections in early-stage NSCLC, as 
demonstrated in a randomized controlled trial (7). 
Timmerman et al. (44) have presented a rationale for 
why SBRT is not similar to a wedge resection, which 
would explain the high rate of tumor control with 
SBRT reported in the literature. As those authors 
have pointed out, although the prescription dose is 
applied to a target, the dose falloff that inevitably 
occurs with SBRT will cover areas of potential micro-
scopic spread that are not apparent on imaging.

The published results for SBRT for early-stage 
NSCLC have been very encouraging in terms of 
local control and toxicity. As data mature, results 
of longer follow-up will become available with bet-
ter characterization of late toxicity. At the current 
time, SBRT remains a viable option for patients with 
T1–2 N0 tumors or T3 N0 tumors (by the criterion 
of chest wall invasion) that are ≤5 cm who cannot 
undergo surgery. Although not considered standard 
for medically operable patients, SBRT is actively 
being compared with surgery in two separate phase 
3 trials.

Radiobiologic Considerations in SBRT
Conventionally fractionated (doses of around 2 Gy 
per day) radiation therapy has traditionally been 
used because of several theoretical advantages. First, 
normal tissue has a greater capability of repairing 
sublethal damage than cancer cells. Such a regimen 
given over weeks also allows for cancer cells to redis-
tribute to G2 and M phases of the cell cycle, which are 
regarded as being more radiosensitive. Fractionated 
radiotherapy may also allow for reoxygenation of 
partially hypoxic tumors, thus potentially increasing 
the effectiveness of the radiation delivered. However, 
in dose escalation with standard fractionation the 
protracted radiation course may allow cancer cells 
more time to repair and repopulate.

Probably the most widely accepted and used 
model for radiation dose response has been the LQ 
model. This has been described elsewhere (45) and 
is commonly used to compare doses among different 
radiation fractionations. However, many question 
the utility of this model in the setting of high doses 
per fraction. As pointed out by Park et al. (46), the 
LQ model predicts for a continuous response curve 
even at higher doses per fraction, despite clinical data 
suggesting a more linear relationship between dose 
and the log of the proportion of surviving cells. Thus, 
according to the LQ model, radiation effects in this 
range would be overestimated. These same authors 
have suggested a different model to help account for 
this, the universal survival curve. In this model there 
is a transition zone designated Dt. At doses less than 
Dt the LQ model predominates and is used to pre-
dict radiation effects. However, at higher doses the 
multitarget model is implemented. Further work in 
the area of describing radiobiologic principles at high 
doses per fraction will aid in accurate and reproduc-
ible prediction models for use in clinical and research 
settings.

tOX I c I t Y ■

Conventional Radiotherapy

Radiation injury to normal lung tissue is a dose-
limiting toxicity for patients receiving treatment to 
the thorax. This lung injury includes both radiation 
pneumonitis and late pulmonary fibrosis. Acute radi-
ation pneumonitis classically presents 1 to 6 months 
after exposure. Patients suspected of radiation pneu-
monitis should receive a full workup for other causes 



Radiotherapy for Early-Stage Non–Small Cell Carcinoma of the Lung  9

of lung injury. Treatment of symptomatic radiation 
pneumonitis often involves the administration of 
steroids. Presenting symptoms can include dyspnea, 
cough, or low-grade fever, and radiographic changes 
can be seen. Lung fibrosis is thought to be due to 
chronic injury and is typically a late manifestation 
(>1 year).

Much investigation has gone into predicting risk 
of lung toxicity with different doses of radiation. In 
addition to the amount of radiation, patient factors 
such as pulmonary function should be considered. 
Some authors have reported a relationship between 
the volume of lung receiving a certain dose or the 
mean lung dose (MLD) and the risk of lung injury 
or toxicity. Washington University performed a pro-
spective study in 99 patients treated with radiation 
doses of 50 to 70 Gy in 1.8 to 2.0 Gy per fraction 
(47). Grade ≥2 pneumonitis occurred in 14%, 17%, 
and 20% of patients at 6, 12, and 24 months, respec-
tively. Important predictors for lung injury included 
the V20, MLD, and effective lung dose. Lower lobe 
location also increased the risk as compared with 
upper lobe location. On multivariate analysis, V20 
appeared to be the best predictor of pneumonitis. 
With V20s of <22%, 22% to 31%, 32% to 40%, 
and >40% the incidence of pneumonitis ≥grade 2 at 
2 years was 0%, 7%, 13%, and 36%, respectively. 
Grade 3 to 5 toxicity was not seen until the V20 
was >32%. If the MLD was <20 Gy the incidence 
of pneumonitis ≥grade 2 was 8%, but it increased 
to 24% if the MLD was >20 Gy. Subsequently, the 
RTOG completed a phase 1–2 dose escalation study 
(RTOG 93-11) (26). The dose delivered was largely 
dependent on the V20. For patients with a V20 
<25% the incidence of lung toxicity at 18 months 
was 7%, 16%, 0%, and 13% for patients treated with 
doses of 70.9, 77.4, 83.8, and 90.3 Gy, respectively. 
Patients with V20 of 25% to 30% had an incidence 
of 15% for doses of 70.9 or 77.4 Gy. On multivariate 
analysis MLD and V20 remained prognostic of late 
lung toxicity.

Radiation-induced lung injury was recently 
reviewed in an article by Ghafoori et al. (48). They 
noted that most studies do document a decline in 
PFTs after radiotherapy. Changes in forced expira-
tory volume in 1 second (FEV1) can occur 3 to 6 
months out, but some patients will improve with 
time. Dlco may change more than the FEV1 and 
does not appear to demonstrate the same recovery. 
Changes after radiation are consistent with a restric-
tive process as the FEV1 to forced vital capacity ratio 

remains normal. They found evidence in the litera-
ture correlating lung injury to multiple dosimetric 
parameters including MLD and the volume of lung 
receiving a certain dose of radiation.

Concurrently administered chemotherapy has 
been associated with a higher risk of radiation pneu-
monitis. Tsujino et al. (49) retrospectively reviewed 
65 patients who received concurrent chemotherapy. 
In this report, grade ≥2 pneumonitis increased with 
an increase in V20. In patients with V20 of ≤20%, 
21% to 25%, 26% to 30%, and ≥31% the corre-
sponding rates were 8.7%, 18.3%, 51%, and 85%, 
respectively. These rates of toxicity are higher than 
would have been estimated on the basis of radiation 
alone.

Other side effects are also considered when giv-
ing thoracic radiation. Depending on the irradiated 
volume or the use of chemotherapy, esophagitis can 
be a risk and may require analgesics or intravenous 
fluid supplementation. Fatigue can be common in 
patients receiving radiotherapy. One of the most 
feared complications of radiation is radiation injury 
to the spinal cord. This has generally been consid-
ered to have a ≤5% late complication rate at a dose 
level of 45 to 50 Gy. In addition, toxicities such 
as brachial plexopathy and radiation effect on the 
bone marrow, skin, or heart are potential complica-
tions depending on the location, dose, and use of 
chemotherapy.

Lung SBRT

Several prospective trials have documented tox-
icity data for a three-fraction regimen of SBRT. 
Timmerman et al. published the preliminary 
results of a phase 1 trial of SBRT for NSCLC 
done at Indiana University (50). The dose ranged 
from 24 to 60 Gy in three fractions. Fatigue was 
reported in all 37 patients. One patient was diag-
nosed with an asymptomatic pericardial effusion 
after radiation. Six patients (16%) were treated 
with medical therapy that included steroid therapy 
for pulmonary symptoms. Data from this trial are 
pertinent in that they describe changes in PFTs 
obtained prospectively. Ten patients (27%) had at 
least a 10% acute worsening of one or more test 
parameters. Most of these patients (70%) returned 
to their pretreatment baseline with time. Other 
documented side effects included pain and dis-
comfort from abdominal compression devices, 
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and dermatitis 2 to 3 weeks after therapy (grade 
3 in one patient). One patient experienced grade 
3 hypoxemia, and another developed symptomatic 
radiation pneumonitis requiring hospitalization. 
All therapy-related side effects were recognized 
within 6 weeks. No late effects were noted at the 
time of publication.

McGarry et al. (42) published updated results 
of this trial with 47 patients enrolled and noted no 
definitive relationship between dose and toxicity. In 
the updated report they found three patients with 
grade 2 pneumonitis, bronchitis, or pneumonia. 
One patient had a grade 2 pericardial effusion, and 
another had a grade 3 pericardial effusion. A patient 
with a total dose of 72 Gy experienced grade 3 tra-
cheal necrosis. Other grade 3 events included four 
patients with pneumonitis or hypoxia and one patient 
with dermatitis.

Concern about toxicity at high doses of SBRT 
in centrally located tumors was generated by phase 
2 data published by Timmerman et al. (37). Grade 
3 to 5 toxicity was noted in 14 of 70 patients treated 
with SBRT for early-stage lung cancer. Patients with 
T1 tumors received 60 Gy in three fractions, and T2 
tumors were treated with a slightly higher dose of 66 
Gy in the same number of treatments. Both univari-
ate analysis and multivariate analysis indicated that 
tumor location was a strong predictor of high-grade 
toxicity. The 2-year freedom from severe toxicity was 
83% in peripheral tumors, whereas it was only 54% 
in central tumors. Eight patients had grade 3 events, 
including a decline in PFTs, pneumonia, pleural 
effusion, apnea, or skin reactions. Unfortunately, six 
patients had grade 5 events (death) that were scored 
as related to treatment. Four died of bacterial pneu-
monia, one had a pericardial effusion, and one patient 
with a tumor recurrence died with hemoptysis. Four 
of the six deaths were among patients with perihilar/
central tumors.

Results of toxicity from RTOG 0236 have 
been published in abstract form. This was a multi-
 institutional, prospective trial of SBRT in medi-
cally inoperable stage T1–3 NSCLC with peripheral 
location (51). Prescription dose was 60 Gy in three 
fractions. Of the patients in this trial, 2% experi-
enced grade 4 and 13% had grade 3 pulmonary or 
upper respiratory toxicity at a median follow-up of 
8.7 months. In addition, there was one patient with 
grade 3 dermatitis and one with grade 3 syncope that 
were noted to be related to treatment. No treatment-
related deaths were observed.

Whyte et al. (52) have published results of a 
prospective phase 1 trial of single-fraction SBRT 
at a dose of 15 Gy using the Cyberknife system at 
two institutions. At a median follow-up of 7 months 
no grade 3 or 4 complications were observed related 
to radiotherapy. Four patients experienced com-
plications related to fiducial placement, three with 
pneumothoraces and one with an emphysema 
exacerbation.

In a Stanford phase 1 dose escalation study for 
single-fraction radiosurgery all late toxicity was seen 
at a dose of >20 Gy and was mostly seen in patients 
with central tumors or patients who had received pre-
vious irradiation to a volume of at least 50 cc (43). 
There were three late grade 5 toxicities (one patient 
with a tracheoesophageal fistula, one with pneumo-
nitis and a pleural effusion, and one with a pulmo-
nary embolism and pneumonitis). All three received 
chemotherapy at some point, and two had received 
prior radiotherapy to the thorax. Other late toxicity 
included pneumonitis, atrial fibrillation, and a pleu-
ral effusion.

Recent work has attempted to characterize 
lung injury after SBRT. Guckenberger et al. (53) 
evaluated lung injury in 70 patients who under-
went stereotactic radiotherapy or radiosurgery in 
the lungs. Symptomatic pneumonitis was found in 
10% of patients. Median time to onset of symptoms 
was 5 months. “Spotted-streaky” consolidation was 
present radiographically in 32%, 34%, and 41% of 
patients at 3, 6, and 9 months, respectively. After 
12 months this pattern went away in most patients. 
A dense consolidation pattern appeared at 6 months, 
with retraction at 9 months. Fibrotic remodeling 
went on for years after treatment. Similar to con-
ventional radiotherapy, there may be a relationship 
between risk of radiation pneumonitis after SBRT 
and the MLD (54).

Toxicity risks with lung SBRT are related to the 
location of the tumor. Chest wall toxicity, including 
pain and rib fractures, has been reported following 
SBRT for peripheral lesions (55). The volume of chest 
wall receiving ≥30 Gy has been shown to correlate 
with severe toxicity in patients treated with three to 
five fractions (56). The median time to onset of chest 
wall toxicity was reported as 7.3 months. Pettersson 
et al. (57) analyzed 13 rib fractures in 7 of 33 patients 
treated with 45 Gy in three fractions. They described 
a relationship between the risk of fracture and the 
dose to 2 cm3 of rib. The risk was near 0%, 5%, 
and 50% for patients when that dose was <7 Gy per 
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fraction, 9.1 Gy per fraction, and 16.6 Gy per frac-
tion, respectively. Treatment of apical tumors can be 
associated with injury to the brachial plexus. Forquer 
et  al. (58) found that for patients treated with three 
to four fractions, the 2-year risk of brachial plex-
opathy was 46% and 8%, respectively, for patients 
with maximum BED of >100 or <100 Gy (calculated 
with an α:β ratio of 3) to the brachial plexus, respec-
tively. Median onset of plexopathy in this report was 
7 months from SBRT.

The risk of acute skin toxicity was highlighted 
in a report of 50 patients treated at Memorial Sloan-
Kettering Cancer Center (59). Patients received 
either 60 Gy in three fractions or 44 to 48 Gy in 
four fractions using three to seven coplanar beams. 
Skin toxicity grade 1 was found in 38% of patients. 
Higher-grade toxicity was less common, with 8% 
experiencing grade 2 toxicity, 4% experiencing 
grade 3, and 2% with grade 4. Risk factors for grade 
≥2 acute skin toxicity included location within 5 cm 
of the skin of the posterior chest wall, the use of only 
three beams, and a maximum back skin dose that 
was ≥50% of the prescribed dose. These effects devel-
oped within 3 to 6 weeks of treatment. The authors 
postulated that the immobilization devices used may 
have had a dose buildup effect, thus explaining the 
high rate of skin toxicity and the association of toxic-
ity with the skin dose on the back in this series of 
patients.

Overall, acute toxicity for SBRT is felt to be rea-
sonably low. One review of SBRT toxicity included 
15 lung studies with 683 patients (60). Although var-
ious techniques and doses were employed, estimates 
of acute toxicity for patients undergoing SBRT were 
summarized. Overall, up to 8% of all patients had 
grade 1 or 2 toxicity. Many of those patients had grade 
1 events that lasted for a short time after treatment 
such as anorexia, fever, chills, and general malaise. 
Other common low-grade toxicities included grade 1 
cough, pain, and skin erythema and grade 2 pneumo-
nitis, pain, esophagitis, and dermatitis. Two patients 
had minor bone fractures. Although many patients 
had radiographic changes after SBRT, symptomatic 
manifestations were not common. The reported rates 
of grade 3 to 5 toxicity were 0% to 8% acutely and 
0% to 7% for chronic effects. Commonly reported 
high-grade events included pneumonitis, hypoxia, 
and dermatitis. Two deaths were found in the lit-
erature in this review, for a treatment-related mortal-
ity of 0.3%. One death was related to a radiation-
induced esophageal ulcer at a dose to the isocenter of 

48 Gy in eight fractions (32). The other death was a 
fatal bleeding from the pulmonary artery 9 months 
after SBRT in a patient who had been previously irra-
diated (61).

t E c H N I Q U E s ■

Conventional Radiotherapy Techniques

A typical setup approach for conventional radiother-
apy involves the use of an immobilization device such 
as a VacLoc bag or an Alpha cradle with the patient 
in the supine position. The arms-up, or arms-above-
the-head, position may allow different beam arrange-
ments, depending on the tumor location. Patients 
should be instructed to maintain a calm, regular pat-
tern of breathing for the simulation procedure as well 
as actual treatments. Four-dimensional CT (4DCT) 
at the time of simulation can collect data on tumor 
motion for use during the planning of radiotherapy 
volumes.

In the past, radiation to elective nodal sites was 
delivered in an attempt to eradicate subclinical dis-
ease. Several reports have questioned the need for 
treating uninvolved areas. Slotman et al. reported 
on 31 patients with T1–2 N0 NSCLC treated with 
a dose of 48 Gy in 12 fractions (17). The radiation 
fields did not electively include the hilum or medi-
astinum. Only two patients (6%) had a regional 
recurrence. Others have reported similar low rates of 
regional failures after limited-field radiotherapy for 
inoperable NSCLC (19,62,63). Elimination of elec-
tive nodal treatment is now commonly accepted.

Target volumes in radiotherapy include 
gross tumor volume (GTV), clinical tumor vol-
ume (CTV), internal target volume (ITV), and 
PTV. GTV is the actual gross tumor, which should 
be delineated using information from imaging. 
The CTV includes areas of potential microscopic 
disease spread. For NSCLC this should include 
the surrounding normal-appearing rim of tissue. 
According to a study by Giraud et al. (64), a CTV 
expanded from the GTV by 6 mm for SCCs and 
8 mm for adenocarcinomas is needed in order to 
include 95% of microscopic extension. The ITV is 
the CTV with an internal margin (IM) added to 
account for physiologic motion. Information from 
4DCT is often obtained to define the IM. Finally, 
the PTV is created beyond the CTV and IM with 
an expansion to account for setup error. The PTV 
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margin depends on the type of immobilization, use 
of image guidance, and other institution-specific 
parameters.

Multifield conformal external beam radiother-
apy is used to deliver dose to the PTV while observ-
ing the tolerance of normal tissues. Beam energies 
are typically in the range of 6 to 10 MV. During the 
previous two-dimensional treatment planning era, 
dose was given with an anterior and a posterior beam 
until the spinal cord tolerance was met, and then an 
oblique angle was use to deliver dose exclusive of the 
spinal cord. In the modern three-dimensional plan-
ning era the choice of beam angles and weighting 
can be more individualized prospectively on the basis 
of the location of the tumor and distance to critical 
structures. Selected normal tissue dose constraints 
from the National Comprehensive Cancer Network 
(NCCN) guidelines are shown in Table 4. Under 
some circumstances intensity-modulated radiation 
therapy (IMRT) may help in sparing organs at risk 
from potential radiation injury.

SBRT Techniques

SBRT Setup, Localization, and Delivery
The simulation and treatment of SBRT involves 
similar general principles to those used for conven-
tional radiotherapy. In the setup, localization, and 
delivery of lung SBRT several key elements require 
consideration:

1. Three-dimensional target verification. After 
a plan is developed from the patient simula-
tion procedure, verification of target structures 

is performed with each fraction. A number of 
image-guided technologies are available to facil-
itate this process.

2. Measures to account for respiratory motion. 
As the lung moves with respiration, respiratory 
motion becomes an important factor. There 
are several techniques to address respiratory 
motion.

3. Immobilization. Many institutions use a stere-
otactic frame for immobilization during SBRT. 
Unlike the setting of intracranial stereotactic 
radiotherapy and radiosurgery, SBRT in the lung 
involves a much less static target. Fixed frames are 
generally not used. Frameless stereotaxy can be 
done with technology capable of localizing fidu-
cial markers in space.

4. Treatment delivery. Several systems exist to 
deliver the high doses of radiosurgery. These sys-
tems often incorporate technologies for any of the 
above elements of SBRT.

Technology for SBRT and image-guided radiother-
apy (IGRT) is developing rapidly. A more complete 
review of technology, planning, and image guidance 
is provided in several recent texts (65–67). A sum-
mary of these principles is provided below as they 
pertain to lung SBRT.

With delivery of high doses per fraction comes 
the need for precise setup. Compared with intrac-
ranial stereotactic radiosurgery, where immobiliza-
tion is often fixed, less invasive methods have been 
applied in the setting of SBRT for thoracic tumors. 
Often this is accomplished with whole-body vacuum 
molds that may have other components such as an 
abdominal pressure pillow, reference indicators to aid 

Table 4 NCCN recommended normal tissue dose constraints

Radiation Therapy Alone Radiation Therapy With Chemotherapy

Spinal cord 50 Gy Spinal cord 45 Gy
Lung 20 Gy < 40% Lung 20 Gy < 35%
Heart 40 Gy < 100%

50 Gy < 50%

Heart 40 Gy < 50%

Esophagus 60 Gy < 50% Esophagus 55 Gy < 50%
Liver 30 Gy < 40%

Kidney 
 

20 Gy < 50% of both Kidneys 
or < 25% of one side if the other 
kidney is not functional
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in localization, and vacuum seals that cover the top 
of patients. Currently there are several such frames 
used in clinical practice. The Elekta stereotactic body 
frame consists of a vacuum mattress along with a 
reference system that aids in localization of internal 
targets and a template that can be applied for control-
ling movement of the diaphragm. Another available 
device is the Medical Intelligence BodyFIX system. 
This has a full-body vacuum pillow below the patient 
and a vacuum seal on the top of the patient. With 
advanced imaging, many centers now no longer use 
the external fiducial systems that were previously 
common for localization.

When thoracic malignancies are being treated, 
respiratory motion must be taken into consideration. 
A common method to perform this task is 4DCT, 
which incorporates the three standard geometric 
dimensions with a fourth dimension, time. Typically, 
technology for monitoring the timing of target 
motion throughout the respiratory cycle is employed. 
As described by Khan, data can be acquired either 
prospectively or retrospectively (65). Acquiring data 
prospectively involves taking the scanning CT data 
from only one phase of the respiratory cycle, whereas 
in retrospective gating the data are obtained through-
out the respiratory cycle and subsequently registered 
with respiratory motion.

Other recent strategies have involved systems 
for respiratory gating in which respiration is moni-
tored during treatment. The system will turn the 
beam on only during a specific portion of the res-
piratory cycle. Several centers are now equipped 
with respiratory gating. Others have used breath-
holding techniques in which the treatment is given 
only when the patient holds his or her breath. For 
patients with excessive respiratory motion, meth-
ods such as abdominal compression can be used. A 
compression device is placed on the torso and ade-
quate pressure is applied to minimized diaphragm 
movement.

Several methods of image guidance for SBRT 
are used in clinical practice. Most modern treat-
ment systems are equipped with both megavoltage 
and kilovoltage imagers. Fluoroscopic-based IGRT 
is capable of detecting fiducials, which can be placed 
at or near target structures for localization. Some 
facilities use in-room high-resolution CT scanners 
for pretreatment verification. Data from either the 
megavoltage imager or kilovoltage imager can be 
reconstructed to produce megavoltage or kilovoltage 
cone beam CT images, respectively.

Linear accelerators are now widespread and have 
been used for delivering high-dose SBRT at many 
centers. Often, standard linear accelerators are used 
with immobilization devices and IGRT to accom-
plish this task. Several systems are commercially 
available, each with various supporting technologies 
to accomplish similar goals.

Brainlab AG has developed the Exactrac/
Novalis Body system for delivery of highly accurate 
image-guided stereotactic radiotherapy and radio-
surgery. This isocentric system performs infrared 
(IR) tracking and kilovoltage radiographic imaging. 
The IR-based optical positioning component consists 
of two IR cameras on the ceiling for detection of 
IR markers. Bony landmarks or implanted fiducials 
can be localized by stereoscopic x-ray tubes mounted 
in the floor with opposing detectors attached to the 
ceiling. The information from the x-ray detectors and 
the IR tracking system can be combined to monitor 
the position of the target. Required adjustments can 
be applied by means of a robotic couch with capa-
bilities in three rotational and three translational 
dimensions. The system can align the target in real 
time and has capabilities to facilitate respiratory gat-
ing. A Novalis treatment machine also exists with 
a 6-MV linear accelerator incorporating a mini-
microleaf collimator. This machine can be used for 
conformal beam capabilities, dynamic field shaping, 
and IMRT. For a more detailed discussion of this 
system the reader is referred to a review by Slotman 
et al. (67).

The Cyberknife system, produced by Accuray, 
consists of a 6-MV linear accelerator mounted on 
a robotic arm. It has two orthogonal x-ray tubes 
mounted on the ceiling, with opposing silicon detec-
tors. An X-band linear accelerator with a cylindri-
cal collimator is used, with the advantage of being 
lightweight and small. The robotic arm with six 
degrees of rotation can produce a variety of noniso-
centric beams. With inverse planning to select and 
give weight to each beam, highly conformal plans 
can be achieved. Images can be obtained to verify 
patient setup or to track target or fiducial motion. 
A built-in IR tracking system allows for tracking of 
motion during treatment, and the system can adjust 
for intratreatment target motion.

Helical tomotherapy has a gantry that rotates 
similarly to a CT, with a built-in 6-MV linear accel-
erator. Translational movement of the couch pro-
duces a spiral motion, and the system also has a mul-
tileaf collimator. Currently a commercially available 
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tomotherapy unit is produced by TomoTherapy that 
also has capabilities for acquiring CT images using 
megavoltage x-rays. Thus, tomotherapy brings 
together IMRT and megavoltage-CT IGRT into one 
treatment delivery system.

SBRT Target Volumes, Planning,  
and Dosimetry
Quality dosimetry is important in SBRT given the 
need for a rapid dose falloff from the high doses used. 
Dose prescription and planning techniques have 
varied among centers. The main technique used in 
the United States has been to prescribe to a PTV. 
In the University of Indiana trials the CTV was the 
GTV (37,50). The PTV was created from the GTV 
by a 5-mm expansion axially and 10-mm expansion 
in the craniocaudal dimension. Beam arrangement 
used multiple noncoplanar, nonopposing beams with 
apertures formed directly to the PTV with no mar-
gin. Weighting of the beams was roughly equal and 
the dose was prescribed such that 95% of the PTV 
volume was covered by the 80% isodose line. The 
RTOG developed a similar, alternative method for 
the 0236 protocol. The protocol specifies a dose of 
60 Gy in three fractions separated by a period of 40 
hours to 8 days. In general the protocol requires a 
minimum field dimension of 3.5 cm. GTV is con-
toured on the pulmonary windows of the CT and 
equals the CTV. The PTV is created by expand-
ing this volume by 5 mm axially and 10 mm in the 
craniocaudal dimension. Seven to 10 beams of equal 
weighting are placed around a common isocenter. 
Although noncoplanar, nonopposing beams are pre-
ferred, they are not required. No margin is applied 
from the PTV to the edges of the beam. The dose 
is prescribed such that 95% of the PTV receives the 
prescription dose, and 99% of the volume receives 
90% of the prescription dose. Thus a dose higher 
than prescription will be delivered to the center of 
the PTV with this method. Representative treatment 
approaches for peripheral and central tumors using 
SBRT are provided in Figures 2 and 3. Selected nor-
mal tissue dose constraints used in RTOG 0236 are 
shown in Table 5.

In contrast, the more common approach in 
Japan has been to prescribe to the isocenter to apply 
a more uniform dose across the target. Nagata et al. 
(36,68) describe the technique at Kyoto University. 
They focus 6 to 10 noncoplanar 6-MV beams around 

an isocenter. An ITV is constructed by including an 
IM and a CTV. PTV expansion from the ITV is cre-
ated by extending 5 mm in the axial dimension and 8 
to 10 mm in the craniocaudal dimension. The target 
dose homogeneity is within 20% in the ITV. A dose of 
48 Gy in four fractions is prescribed to the isocenter.

Some interest has been generated in the use 
of protons for lung SBRT. Macdonald et al. (69) 
compared the technique used in RTOG 0236 
with proton beam plans for the same patients. 
One-field, two-field, or three-field proton plans 
were constructed for treatment comparison. PTV 
coverage was similar between the two modalities. 
The protons did have the advantage of less lung 
tissue receiving lower-dose radiation. Skin surface 
dose and rib dose were higher but may have been a 
function of having fewer beams, not of the use of 
protons.

Radiation dose as commonly prescribed in 
many protocols was calculated using algorithms that 
assume tissue density to be that of water. Such an 
assumption is inaccurate in the thorax, where lung 
tissue density differs significantly from that of water. 
A more accurate prediction of dose would take into 
account the heterogeneity of normal tissue densities. 
The RTOG recalculated the dose given to patients in 
their trial with heterogeneity corrections and found 
the dose to be 54 Gy (51). At our institution, where 
dose planning is currently done with heterogeneity 
corrections, a dose of 54 Gy in three fractions is given 
for peripheral tumors.

s UMM A rY A N D t r E AtM E N t  ■

A LG O r I t H M

A treatment diagram is illustrated in Table 6. The 
standard treatment for early-stage NSCLC is sur-
gery. For patients who either refuse surgery or are 
medically inoperable, radiation is generally recom-
mended. The NCCN recommends definitive doses 
of up to 77.4 Gy (2 to 2.15 Gy per fraction) without 
chemotherapy or 74 Gy (2 Gy per fraction) with che-
motherapy. The addition of chemotherapy should be 
considered on the basis of patient tolerability. Local 
control remains a problem at these doses, even with 
chemotherapy. SBRT represents a promising and 
relatively new choice for patients with early-stage 
NSCLC. Patients with peripheral T1–2 or T3 (by 
the criterion of chest wall invasion) tumors ≤5 cm 
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Figure 2 Representative images from the use of stereotactic body radiotherapy to definitively treat a 
centrally located primary non–small cell lung cancer, including (A) the pretherapy tumor on axial computed 
tomography (CT) image, (B) representative beam arrangement from treatment plan, (C) representative dose 
distribution based on a prescription dose of 48 Gy in four fractions, and (D) 15-month follow-up axial CT 
image.

A B

C D

Figure 3 Representative images from the use of stereotactic body radiotherapy to definitively treat a pe-
ripherally located primary non–small cell lung cancer, including (A) the pretherapy tumor on axial computed 
tomography (CT) image, (B) representative beam arrangement from treatment plan, (C) representative dose 
distribution based on a prescription dose of 54 Gy in three fractions, and (D) 15-month follow-up axial CT 
image.
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without evidence of nodal or distant metastasis are 
candidates for treatment with SBRT when surgery 
is not pursued.

F U t U r E D I r E c t I O N s ■

The Problem of Distant Metastases  
After SBRT

Even after surgical therapy for stage I NSCLC, many 
patients may harbor micrometastatic disease. As 
recently described by Bradley et al. (70), metastatic 
disease represents a significant problem for early-stage 
NSCLC treated with SBRT. This report included 70 
patients with T1–3 lesions with a median follow-up 
of 19 months. Although the 3-year actuarial local 
control was 83%, a total of 20 patients had a distant 
failure. Distant recurrence alone was the most com-
mon failure pattern and was found in 14 patients.

Several trials have evaluated the role of adju-
vant chemotherapy after surgery for NSCLC. A ran-
domized trial from Japan on patients with stage I 
NSCLC treated with adjuvant combination uracil 

and tegafur after surgery showed an improvement 
in OS for the 979 patients randomized (P = .04) 
(71). On subset analysis the patients with stage IB 
tumors benefited in terms of OS (hazard ratio .48; 
95% confidence interval 0.29 to 0.81). Such a benefit 
could not be demonstrated for stage IA. This chem-
otherapy regimen is not in use in the United States 
or Europe. The CALGB performed a trial (CALGB 
9633) aimed at assessing the role of adjuvant chemo-
therapy for stage IB NSCLC (72). They randomized 
344 patients after surgery with lobectomy or pneu-
monectomy to either receive adjuvant chemother-
apy or observation. The regimen used consisted of 
paclitaxel and carboplatin. Although an early anal-
ysis indicated promising results for chemotherapy, 
the final report did not demonstrate a significant 
survival benefit from adding chemotherapy. On an 
unplanned subgroup analysis a survival benefit was 
suggested for patients with larger tumors (>4 cm). 
Several other trials with broader inclusion criteria 
that have analyzed patients with stage IB NSCLC 
on subset analysis have failed to find a statistically 
significant benefit (73–75). A recent pooled analysis 
of five trials had similar  findings of no benefit in 

Table 5 Selected tissue constraints for 3-fraction stereotactic body radiotherapy

Spinal cord (any point) 18 Gy (6 Gy per fraction)

Esophagus (any point) 27 Gy (9 Gy per fraction)

Ipsilateral brachial plexus (any point) 24 Gy (8 Gy per fraction)
Heart (any point) 30 Gy (10 Gy per fraction)
Trachea and ipsilateral bronchus (any point) 30 Gy (10 Gy per fraction)

Table 6 Algorithm for potential treatment options for a patient with early-stage non–small cell lung  cancer. 
(Adapted from NCCN guidelines, 2009.)

Treatment Algorithm for Early Stage NSCLC

T1-2 N0-1 Medically Operablea

•	 Surgery

T1-2 N0-1 Medically Inoperable

•	 	Curative	radiotherapy	with	or	without	chemotherapy	is	recommended	when	patients	have	adequate	life	expectancy	
and performance status

 –  without chemotherapy the radiation dose is up to 77.4 Gy in 2 to 2.15 Gy fractions (V20 should be ≤ 35%)
 –  with chemotherapy the radiation dose is up to 74 Gy in 2 Gy fractions
•	 SBRT	can	be	considered	for	node-negative	peripheral	lesions	≤	5	cm

aNCCN recommendeds that the distinction of medically operable or inoperable be made by a thoracic surgeon.
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stage IB disease (76). Currently, chemotherapy as 
adjuvant therapy after surgery for stage IB (<4 cm) 
NSCLC cannot be considered standard.

In contrast to the literature on the role of 
chemotherapy after surgery, the role of adjuvant 
systemic therapy for patients treated with SBRT for 
NSCLC has not been tested in a randomized fashion. 
Certainly, metastatic relapse of disease remains prob-
lematic. A challenge for the future will be design-
ing and implementing effective systemic therapy to 
improve outcomes for these patients.

Other Trials

The RTOG has recently initiated several protocols 
for SBRT in the setting of early-stage NSCLC. As 
highlighted above, doses of around 60 Gy in three 
fractions have generated concerns about excessive 
toxicity for centrally located tumors. RTOG 0813 is 
a phase 1/2 dose escalation trial for tumors in this 
location. The starting dose is set at 50 Gy in 10-Gy 
fractions. The primary endpoint is to find the MTD 
for these patients. The RTOG is combining efforts 
with the North Central Cancer Treatment Group 
(NCCTG) in planning a randomized phase 2 study 
comparing a dose of 34 Gy in a single fraction with 
48 Gy in four fractions for medically inoperable 
patients with peripheral T1–2 tumors.

Given the success of treating patients with med-
ically inoperable early-stage NSCLC, the RTOG has 
designed a protocol to test SBRT in patients who are 
candidates for surgery. This trial includes patients 
with T1–3 tumors ≤5 cm in size and will treat with 
a dose of 60 Gy in three fractions. T3 tumors are 
eligible only if they have chest wall invasion. No ran-
domized trials have compared SBRT with surgery for 
medically operable patients, but two trials are actively 
testing the comparison; one, a corporate-sponsored 
trial, is active in the United States, and the other is 
actively enrolling in the Netherlands.
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Non–small cell lung cancer (NSCLC) remains an 
important topic for radiation oncologists around the 
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Pathology and Natural History: Non–small cell lung cancer (NSCLC) is an important topic for radiation oncol-
ogists. Patients with advanced NSCLC have node positive lung cancer and no evidence of metastatic spread of their 
disease. The majority of NSCLC is caused by tobacco smoking, a preventable habit, and secondarily by Radon gas, 
a preventable environmental exposure.
Evaluation and Staging: Symptoms present at diagnosis suggest the extent of the disease and can be prognostic for 
survival. Imaging studies to evaluate the extent of disease include computed tomography (CT) and positron emis-
sion tomography (PET). The sensitivity and specificity of these tests are important to remember when considering 
the method of biopsy and when making treatment recommendations. No imaging study is replacement for tissue 
biopsies, and there are several reasonable approaches to obtaining biopsy. These should be tailored to the location of 
the primary and to the additional information they might reveal.
Therapy: Therapy for advanced NSCLC has had a variety of iterations over the past 50 years. Radiotherapy (RT) 
was proven to be beneficial when compared with observation, even when using the earliest technology of RT. 
Chemotherapy adds to the benefit of RT: the benefit is evident when given sequentially (chemotherapy first), but the 
benefit is even greater when given concurrently. RT given concurrently with chemotherapy is the standard of care. 
The patterns of failure don’t give clear evidence as to the nature of the benefit, and work is ongoing in this respect. 
RT dose-response data suggests that higher doses may favorably influence patient survival. The Radiation Therapy 
Oncology Group (RTOG) is leading a multicooperative group phase III trial which will hopefully clarify whether 
higher RT dose improves patient survival.
Algorithm: RT planning of advanced NSCLC has unique challenges. Motion of targets creates the need for unique 
volumes and methods of motion assessment. Newer technology such as intensity modulated RT (IMRT), image 
guided RT, and proton therapy may improve patient care. Ultimately, the therapeutic index is improved when the 
greatest RT dose is administered in the least amount of time while sparing the adjacent normal tissue.

world. For the purposes of this chapter, the definition 
of advanced NSCLC is patients presenting with stage 
IIA to IIIB disease using the International Association 
for the Study of Lung Cancer (IASLC) (see Table 1) 
(1), and are not considered surgically resectable. 
Using this definition, advanced NSCLC is the most 
common presentation of patients (1). Despite many 
of the advances made over the past several decades, 
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Table 1a TNM staging for lung cancer

Descriptors Definitions Subgroups*

T Primary tumor  

 T0 No primary tumor
 T1 Tumor ≤ 3 cm,† surrounded by lung or visceral pleura, not more proximal than the 

lobar bronchus
  T1a Tumor ≤ 2 cm† T1a
  T1b Tumor > 2 but ≤3 cm † T1b
 T2 Tumor > 3 but ≤ 7 cm† or tumor with any of the following‡: 

  Invades visceral pleura, involves main bronchus ≥ 2 cm distal to the carina, 
atelectasis/obstructive pneumonia extending to hilum but not involving the entire 
lung

  T2a Tumor > 3 but ≤ 5 cm† T2a
  T2b Tumor > 5 but ≤ 7 cm† T2b
 T3 Tumor > 7 cm; T3>7

or directly invading chest wall, diaphragm, phrenic nerve, mediastinal pleura, or 
parietal pericardium;

T3Inv

or tumor in the main bronchus < 2 cm distal to the carina§: T3Centr
or atelectasis/obstructive pneumonitis of entire lung; T3Centr
or separate tumor nodules in the same lobe T3Satell

 T4 Tumor of any size with invasion of heart, great vessels, trachea, recurrent laryngeal 
nerve, esophagus, vertebral body, or carina;

T4Inv

or separate tumor nodules in a different ipsilateral lobe T4Ipsi Nod

N Regional lymph nodes  

 N0 No regional node metastasis
 N1 Metastasis in ipsilateral peribronchial and/or perihilar lymph nodes and 

intrapulmonary nodes, including involvement by direct extension
 N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph nodes
 N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral 

scalene, or supraclavicular lymph nodes
M Distant metastasis  

 M0 No distant metastasis
 M1a Separate tumor nodules in a contralateral lobe; or tumor with pleural nodules or 

malignant pleural dissemination ||
M1a

Contr Nod
M1a

pi Dissem
 M1b Distant metastasis M1b
Special situations

 TX, NX, MX T, N, or M status not able to be assessed

 T1s Focus of in situ cancer T1s
 T1§ Superficial spreading tumor of any size but confined to the wall of the trachea or 

mainstem bronchus
 
T1ss

*These subgroup labels are not defined in the IASLC publications2–5 but are added here to facilitate a clear discussion.
†In the greatest dimension.
‡T2 tumors with these features are classified as T2a if ≤ 5 cm.
§The uncommon superficial spreading tumor in central airways is classified as T1.
||Pleural effusions are excluded that are cytologically negative, nonbloody, transudative, and clinically judged not to be due to 
cancer.
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the overall prognosis for patients with advanced 
NSCLC remains poor. This is a source of both con-
cern and motivation for the oncologic community, as 
advances in this disease would greatly affect a large 
number of patients.

Etiology

In 2009, the American Cancer society predicts 
219,000 people will be diagnosed and 160,000 people 
die in the United States of lung cancer (2). While the 
incidence for both men and women is less than pros-
tate and breast cancers respectively, lung cancer has 
the dubious distinction of having the highest cancer-
related mortality. The yearly mortality of lung cancer 
in the United States is greater than breast and pros-
tate cancer combined (see Figure 1). More impres-
sive is the fact that the majority of these diagnoses 
and deaths are avoidable. The primary risk factor for 
the development of lung cancer is smoking tobacco, 
accounting for greater than 80% of cases. The World 
Health Organization (WHO) estimates that 50% of 
regular smokers will die of smoking-related illness 
(3). While this highly addictive recreational drug 
is linked to other cancers, its contribution to lung 

cancer is the most impressive (see Figure 1). As you 
can see from the figure, the mortality rate has been 
dropping since 1990, and much of this reduction has 
been attributed to successful campaigns for reduc-
ing tobacco use in the United States. Although it is 
encouraging to see that the incidence and mortality 
of lung cancer in the United States is dropping, the 
incidence of tobacco use is increasing in many devel-
oping countries, such as China and India, which 
already account for 40% of all tobacco consump-
tion worldwide (3). As such, NSCLC, together with 
the other health problems caused by tobacco, will 
remain an important global issue for the foreseeable 
future. The second most common cause of NSCLC 
is exposure to radon. This odorless radioactive gas is 
a byproduct of decay of radium and is linked to 15% 
to 20% of the lung cancers presenting in the United 
States. Jonathan Samet has written an excellent sum-
mary on the topic, if the reader wishes a more thor-
ough discussion of radon and NSCLC (4). Despite 
the obvious importance of tobacco and radon, inheri-
tance and genetic susceptibility do play a role in the 
development of lung cancer. This appears to be espe-
cially true in patients developing cancer before the 
age of 60 years, patients with adenocarcinomas, and 
patients with more than two first-degree relatives 
with lung cancer. The reported relative risk of having 
two first-degree relatives is 2.2). The genes responsible 
for this genetic susceptibility appear to be on chro-
mosome 6q23–25. Subramanian and Govindian (6) 
have published an excellent review of the literature 
on lung cancer in never smokers that nicely details 
the topic. It would serve as an excellent starting point 
for readers interested in more information.

Presentation

The presenting complaints of patients with NSCLC 
can vary broadly. In a series of 678 lung cancer 
patients (7), 32% present with symptoms consistent 
with metastatic disease, 27% presented with non-
specific symptoms such as weight loss and fatigue, 
27% presented with symptoms attributable to the 
primary thoracic tumor (cough, hemoptysis), and 
only 6% were asymptomatic at the time of diagno-
sis. The symptoms attributable to the primary cancer 
are frequently cough and dyspnea. Other present-
ing complaints may be more associated with specific 
presentations such as arm pain, with weakness in 
patients with an NCLC in the superior sulcus.

Table 1b Incidence of TNM at presentation

 Descriptors, % of all  

Stage Groups T N M Patients, %* 

Ia T1a,b N0 M0 15

Ib T2a N0 M0 13
IIa T1a,b N1 M0 2

T2a N1 M0 4
T2b N0 M0 4

IIb T2b N1 M0 2
T3 N0 M0 14

IIIa T1–3 N2 M0 20
T3 N1 M0 6
T4 N0,1 M0 2

IIIb T4 N2 M0 1
T1–4 N3 M0 3

IV TAny NAny M1a,b 14
*Percentage of patients in IASLC database according to best 
stage (rounded to nearest integer).

Source: From Ref. 5.
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All of these symptoms are relatively nonspecific, 
however, and may be indicative of such common 
illnesses as bronchitis or pneumonia. The Veterans 
Administration (VA) compared presenting complaints 

and disease characteristics in 5,000 patients treated 
on early VA lung trials (8). The most important prog-
nostic factors were performance status, extent of dis-
ease, and weight loss. This cemented the importance 
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of performance status and weight loss in the initial 
assessment of patients with advanced NSCLC.

Workup

The workup of patients typically begins with a chest 
x-ray done by the primary doctor while evaluating 
the patient for the above complaints. Typically, this 
will reveal the presence of a mass and possibly of wid-
ened mediastinum suggestive of mediastinal adenop-
athy. The sensitivity of CXR is approximately 54% 
with a specificity of 99% in patients deemed “sus-
picious” based on CXR (9). Comparison with prior 
chest x-rays is important, when possible, to assess for 
interval changes.

The chest x-ray should be followed with a com-
puted tomography (CT) of the chest. These are typi-
cally done with contrast, extend through the liver, 
and are evaluated on both lung windows and medi-
astinal windows. Several characteristics suggest lung 
cancer on CT. The primary mass typically has a spic-
ulated rim (alternatively called corona radiata), size 
>2 cm, absence of calcifications, and increase in size 
over multiple imaging studies (10). Lymph nodes are 
commonly deemed “positive” on CT if they are >1.0 
cm in size. The ability for CT to accurately stage the 

mediastinum is mediocre, however. The pooled sensi-
tivity and specificity of CT for lymph node assessment 
is 51% and 85%, respectively (11). This is particularly 
salient as radiation oncologists rely on CT definitions 
for our target volumes.

When the CT is suggestive of a primary lung 
cancer, the next appropriate imaging study is a posi-
tron emission tomography (PET) scan. The PET scan 
doesn’t replace the necessity of biopsies, but can be 
informative as to the true stage of the patient. A semi-
nal study by Pieterman et al. (12) compared the per-
formance of PET to that of CT for the staging of lung 
cancer. In comparing the two diagnostic modalities 
in 106 patients, Pieterman et al. found PET superior 
to CT in every parameter. The sensitivity and specifi-
city of PET for mediastinal adenopathy was 91% and 
86%, respectively, compared with 75% and 66% for 
CT scans. The positive predictive value was 74% and 
the negative predictive value was 95%. PET scanning 
identified previously unsuspected metastases in 10% 
of the studied patients. Most often today, the PET 
and CT are performed together with both providing 
complementary information.

The American College of Surgeons Oncology 
Group (ACOSOG) (13) conducted a prospective trial 
to assess the utility of PET in patients diagnosed with 
stage I–III NSCLC (ACOSOG Z0050). Patients who 
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had enrolled received a CT scan of the chest, and 
bone scan routinely. Any abnormality seen on those 
two radiographic exams was followed up with MRI 
or biopsy for confirmation. If patients were deemed 
resectable based on that workup, they were enrolled 
and they received a PET scan. PET was significantly 
better at detecting N1, N2/N3 disease (48% and 
52%) in the study population as compared with CT 
(13% and 32%, respectively, P = .0041). Despite the 
rigorous workup, 6% of patients were upstaged by the 
PET scan (confirmed by biopsy), but 6% of patients 
diagnosed with metastases by PET were subsequently 
found to be benign histology, underscoring the need 
to follow-up on positive PET findings.

An MRI of the brain is of questionable value 
in patients with NSCLC and with no evidence of 
cranial metastases on the basis history and physical 
examination. Only 10% of patients with no CNS 
symptoms will have brain metastases at diagnosis 
(11), but an early diagnosis of this pattern of spread 
again spares the patient unneeded therapy and can 
direct an early intervention to the developing brain 
metastases and is a commonly required examination 
for clinical trial entrance. Some authors have recom-
mended routine MRI only for adenocarcinoma and 
large cell carcinoma where the incidence of asymp-
tomatic brain metastases may approach 20% (14). 
Most trials do include either CT or MRI of the brain 
during staging.

Laboratory examinations are helpful in deter-
mining a patient’s fitness for CT. Typically, a 
 complete blood count (CBC) assessment of renal 
function with BUN and creatinine, and liver func-
tion tests provide the required picture. Hematologic 
toxicity is common during combined modality ther-
apy and, therefore, weekly CBCs are  imperative 
to ensure the patient’s safety and toxicity of the 
treatment.

d I Ag n os I s ■

Sputum

Sputum testing, historically, was often a first step in 
attempting to establish a diagnosis. Although not as 
commonly used today, it is noninvasive and requires no 
separate procedure. Sputum testing typically requires 
three separate specimens, and the yield is improved 
in patients with central tumors and/or hemopty-
sis. Overall, the sensitivity of detecting cancer with 

sputum is 66% on average with 99% specificity. As 
stated above, it is more useful in patients with central 
tumors as compared with peripheral tumors (sensi-
tivity 74% vs. 49%) (15).

Bronchoscopy

In current medical practice, bronchoscopy is often 
the first step in obtaining a diagnosis of NSCLC. It is 
useful for both sampling the primary cancer as well 
as assessing the nodal involvement. Typically, bron-
choscopy has three components when assessing the 
primary cancer: washings, brushings, and biopsy. 
The sensitivity of these components are 48%, 59%, 
and 74%, respectively (16). Endobronchial biopsy 
sensitivity is influenced by location of the primary 
cancer. Central lesions are more reliably biopsied 
successfully than are peripheral lesions. In the case 
of larger (>2cm) peripheral lesions, the sensitivity is 
66%, and for smaller peripheral lesions, the sensitiv-
ity is 33% (16).

The assessment of mediastinal lymph nodes 
with bronchoscopy is commonly performed. This is 
done via a Wang needle biopsy and is most useful for 
subcarinal lymph nodes (station 7), and hilar lymph 
nodes (station 9), but can assess paratracheal lymph 
nodes in skilled hands.

Transthoracic Needle Biopsy (TTNA)

TTNA can be performed via either fluoroscopy or 
CT guidance. Both are associated with high sen-
sitivity, with CT having a lightly higher sensitiv-
ity and is more frequently practiced (92% for CT, 
88% for fluoroscopy) (15). The sensitivity suffers 
from lesion size, as smaller lesions are less reliably 
biopsied as compared with larger lesions. This dif-
ference may be as large as 94% for lesions >1.5 cm 
and 78% for lesions ≤1.5 cm (17). The false posi-
tive rate of TTNA ranges from 10% to 20%. This 
is more salient for unresectable patients with T1 
cancers, where other methods of diagnosis may not 
be feasible.

Pathology

Non–small cell is somewhat of a garbage bin of his-
tologies. In essence, it contains all the histologies of 
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primary parenchymal lung cancers that aren’t small 
cell lung cancer (SCLC). While this does highlight 
the unique pathology, natural history, and treatment 
regimens of SCLC, it does little to help distinguish 
the different natural histories of NSCLC. Using 
WHO’s 2004 definitions (18), NSCLC histologies 
include the following:

Squamous Cell Carcinoma ●

Variants: papillary, clear cell, small cell and  ❍

basaloid
Adenocarcinoma ●

Variants: mixed, acinar, papillary, bronchio- ❍

alveolar, solid with mucin
Large Cell ●

Variants: large cell neuroendocrine, mixed cell  ❍

neuroendocrine, basaloid, lymphoepithelioma- 
like, clear cell, large cell with rhabdoid features.

Adenosquamous carcinoma ●

Sarcomatoid carcinoma ●

Variants: pleomorphic, spindle cell, giant cell,  ❍

carcinosarcoma, and pulmonary blastoma.

Adenocarcinomas are currently the most com-
mon type of NSCLC, followed by squamous cell 
carcinomas (SCC). This reverses the previous pre-
dominance of SCC (18). An additional consideration 
when discussing the pathology of NSCLC is how to 
determine the tissue of origin when there is a his-
tory of other malignancies. Determining whether 
the new mass is a recurrence or a new primary 
greatly impacts the direction of care for the patient. 
Immunohistochemistry can be helpful in this regard 
(19). Approximately 85% of adenocarcinomas of the 
lung stain with Thyroglobulin Transcription Factor 
1 (TTF-1). Cytokeratin 7 and 20 (CK-7, CK-20) are 
also used to help in the diagnosis, as most adeno-
carcinomas of the lung are CK-7 positive and CK-20 
negative. An excellent review written by Beasley on 
this topic is recommended for further reading (19).

t h e r A p y ■

Radiotherapy Versus Observation

Radiotherapy (RT) for lung cancer has evolved 
over the preceding decades, both in terms of dose 
and volume. For patients with advanced NCLC, 
the changes in therapy have been dramatic, but 
without the same transformative effect on survival. 

With poor survival in all patients with advanced 
NSCLC, a reasonable question to ask is whether 
any therapy is useful. The question of RT alone 
versus observation has been addressed in a couple 
of phase 3 randomized trials and provides not only 
useful information about the utility of RT, but also 
answers the common patient question of “how long 
will I live if I don’t do anything.” The original study 
was conducted by the VA and enrolled 554 patients 
with locally advanced, but nonmetastatic lung CA 
(20). The investigators compared 40 to 50 Gy of 
RT to observation and noted a benefit in survival 
at 1 year for RT patients (18%) versus untreated 
patients (14%). The median survival was 20 weeks 
for RT versus 14 weeks for observation (P = .05). 
The surprisingly short survival for patients treated 
with RT can primarily be attributed to the age of 
the trial. The vast majority of patients were treated 
with orthovoltage RT (90%), making it not surpris-
ing that survival advantage seen is very modest.

A more modern version of the trial was recently 
conducted in France (21). Between the years 1992 
and 1996, this trial enrolled 240 patients with unre-
sectable stage III NSCLC and randomized them to 
three arms: 50 Gy delivered in 2 Gy per fractions (79 
patients), 40 Gy split course (20 Gy in 4 Gy per frac-
tions followed by a 4-week break then another 20 Gy 
in 4 Gy per fractions, 81 patients), and observation (80 
patients). Patients assigned to observation were given 
RT for palliation (20 Gy in 5 Gy fractions), if symp-
toms developed later. The median survival for this 
trial by arm was 12 months versus 9 months versus 
6 months, respectively (50 Gy vs. 40 Gy split course 
vs. observation). There was a statistically significant 
difference in survival for all the groups. RT provided 
a doubling of the median survival in patients treated 
with conventional doses, and untreated advanced 
NCLC patients typically survived for 6 months after 
diagnosis, if not initially treated.

RT Versus Sequential Chemotherapy and RT

Although RT prolonged survival when compared 
with observation, the prognosis remained so dismal 
that adding additional therapies was a logical next 
step. Chemotherapy delivered prior to the RT has 
been evaluated in several trials. The first of these was 
the Cancer and Leukemia Group B (CALGB) 8433 
trial published by Dillman et al. (22,23) comparing 
induction chemotherapy with cisplatin (100 mg/m2 
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given on days 1 and 29) and vinblastine (5 mg/m2 
given on days 1, 8, 15, 22, 29) followed by RT (day 
50) to RT alone (day 1). The dose of RT was 60 Gy 
in 2 Gy per fractions (40 Gy to pre-chemotherapy 
volumes, with 20 Gy boost to residual mass after 
induction chemotherapy). The rate of response 
between the two regimens was statistically identical 
(56% for CMT, 43% for RT alone), but the median 
survival was improved with induction chemother-
apy at 13.7 months versus 9.6 months for RT alone. 
Toxicity was mild in both treatment groups. The rate 
of serious infections was higher in patients receiving 
chemotherapy (7% vs. 3%), as was the rate of nau-
sea and vomiting (5% vs. 0%). The rate of severe 
esophagitis or pneumonitis was 1% in both arms. 
Induction chemotherapy did not interfere with the 
delivery of the RT, as 88% of patients completed 
the RT with induction chemotherapy and 87% 
completed the regimen with RT alone. The rate of 
major deviation with the RT delivery was high in 
both arms (21% in the chemo group, 23% in the 
RT group). Of the patients with major deviations, 
six survived to 2 years, with all but one having been 
on the induction chemotherapy arm. Limited data 
was collected on patterns of failure for this study, 
but suggested no significant difference between the 
two treatment arms.

An intergroup trial was designed to confirm the 
results of the CALGB study and to test the utility of 
hyperfractionated RT (24). This trial had three ran-
domized arms: induction chemotherapy followed by 
60 Gy of RT, RT of 60 Gy without chemotherapy, 
and 69.6 Gy of RT given at 1.2 Gy twice daily. The 
chemotherapy consisted of cisplatin and vineblastine 
at the same dose delivered in CALBG trial. The tox-
icity of the therapies was deemed acceptable. There 
were six patients with grade 4 radiation toxicities, 
of which four were esophagitis in patients treated 
up to 69.6 Gy. Overall survival was improved in the 
patients receiving induction chemotherapy (P = .04). 
Median survival on the three arms was 13.2 months 
(induction chemotherapy), 12 months (69.6 Gy 
HFX), and 11.4 months (60 Gy alone). A notable 
footnote to this trial was the effect of therapy for the 
subset of patients with SCC. In those patients the 
5-year survival was 9% with HFX RT alone, com-
pared with 2% on the other two arms.

Le Chevalier et al. (25) also examined the role of 
induction chemotherapy prior to radiation. In a ran-
domized phase 3 trial, patients received either radi-
ation alone or chemotherapy followed by radiation 

and additional three cycles. The radiation was 65 Gy 
in 26 fractions of 2.5 Gy. RT volumes included a com-
prehensive field of the tumor, bilateral hila, medias-
tinum, and bilateral supraclavicular fossae to 40 Gy. 
A boost of 15 Gy was then given to the tumor, medi-
astinum, and bilateral hilla. A second boost of 10 Gy 
was given to the tumor, mediastinum, and ipsilateral 
hilum. Induction chemotherapy was vindesine (1.5 
mg/m2 on days 1, 2), lomustine (50 mg/m2 on day 
2, and 25 mg/m2 on day 3), cisplatin (100 mg/m2 

on day 2), and cyclophosphamide (200 mg/m2 on 
days 2–4) for three cycles prior to RT. This same 
regimen was given following the radiation. The tox-
icity of the treatment was primarily hematologic for 
the patients receiving chemotherapy. The differences 
in toxicity from the RT were essentially the same in 
the two arms, with the predominant toxicity being 
esophagitis. The first report of this trial showed no 
significant difference in survival between the arms 
despite a strong trend for improved survival with 
the chemotherapy (median survival 12 months for 
CMT, 10 months for RT alone). A second analysis at 
5 years from enrollment revealed the survival diffe-
rence had attained statistical significance at P < .02 
(26). This was attributed to a strongly significant 
difference in the rate of distant metastases between 
the two arms favoring the chemotherapy containing 
arm (P < .001).

RT Combined With Chemotherapy

The current standard of care for patients with advanced 
NSCLC is RT administered concurrent with chemo-
therapy. The primary trial informing this regimen is 
the results of Radiation Therapy Oncology Group 
(RTOG) 94-10 (27,28). An important caveat of this 
trial is that it remains unpublished and therefore the 
final results, and many important issues of the trial, 
are unknown. What is known is that this trial was a 
phase 3 randomized trial with three separate arms: 
The concurrent arm (CON-QD): 60 Gy in 2 Gy per 
fractions given concurrently with cisplatin (100 mg/
m2 given on days 1 and 29, same as the CALGB 8433 
and intergroup study listed above) and vinblastine (5 
mg/m2 given weekly for 5 weeks). The sequential arm 
(SEQ) was the same chemotherapy regimen as CON 
given for two cycles with RT starting on day 50. The 
third arm consisted of hyperfractionated RT 69.6 Gy 
in 1.2 Gy per fractions given twice daily (similar to the 
intergroup trial) concurrent with cisplatin (50 mg/m2 
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given on days 1, 8, 29, and 36) with etoposide (50 mg 
BID for 10 weeks) (CON-BID). There is some limited 
data on toxicity available through presented abstracts. 
The rate of grade 3 or higher nonhematologic toxic-
ity was 63% for CON-BID, 50% for CON-QD, and 
31% in SEQ. There was no reported difference in late 
toxicity between the arms. The survival results favor 
CON-QD versus CON-BID or SEQ, with median 
survival of 17 months, 15.2 months, and 14.6 months, 
respectively. The patterns of failure data suggest an 
improvement in local control for CON-BID (29). This 
was true only for patients with SCCs. Nonsquamous 
histologies had a similar pattern of failure across the 
three arms.

The other phase 3 randomized trial looking at 
sequential therapy versus concurrent was conducted 
in Japan. Furuse et al. (30) used vindesine (3 mg/ m2 
on days 1 and 8), cisplatin (80 mg/m2 on day 1), and 
mitomycin C (8 mg/m2 on day 1). This was given 
concurrently with 56 Gy in 2 Gy per fractions, or 
sequentially after two cycles of chemotherapy. The 
concurrent RT was done with a planned 10-day 
break after 14 treatments (commonly called “split 
course”). The sequentially treated patients had 
no planned breaks. The trial enrolled 315 eligible 
patients. Myleosupression was the only toxicity that 
was significantly higher on the CON arm compared 
to the SEQ arm (P = .001). Interestingly, the rate of 
esophagitis was the same between the two arms, and 
this is likely attributable to the use of split course RT 
in the CON arm. Survival favored the CON, with a 
median survival of 16.5 months versus 13.3 months 
with SEQ therapy (P = .04). The patterns of failure 
for the trial show equivalent local control between 
the two arms. The rate of distant metastatic disease 
was the same between the two arms, with a higher 
rate of brain metastases in the CON arm relative to 
the SEQ arm (19% vs. 9%, P = .018).

Both randomized trials found survival benefits 
when chemotherapy is used concurrently with the 
RT. An important question is what is the origin of the 
benefit? Most thoracic radiation oncologists believe 
that the benefit from concurrent chemotherapy is the 
sensitization of the tumor to the radiation rather than 
an effect on distant disease. This is clearly true in head 
and neck cancers (31,32); however, the data to support 
this in lung cancer is less convincing. Patterns of fail-
ure are more ambiguous in lung cancer than for head 
and neck cancers. The investigators at the RTOG 
have published two articles comparing toxicities and 
patterns of first failure for several conducted trials. 

The first compared standard RT, hyperfractionated 
RT (HFX), and sequential chemotherapy followed 
by RT (SEQ) (33). Patients treated with SEQ had 
significantly less distant metastases (excluding brain 
metastases) as compared with RT or HFX (P = .045). 
There was no difference in local failures between the 
groups, and the toxicity was comparable. The second 
study examined RTOG studies looking at SEQ versus 
CON and divided the patients into SEQ,  induction 
chemotherapy followed by concurrent chemotherapy 
with RT (IND-CON), and chemotherapy concur-
rent with hyperfractionated RT (CON-BID) (34). 
In this analysis of five different trials there was no 
difference in patterns of failure among the groups. 
Nonhematologic toxicity was significantly higher 
in both the concurrent arms as compared with the 
sequential arm (P < .0001 and P = .0005, respectively). 
So where does that leave us? We have two phase 3 tri-
als showing a significant survival advantage to CON 
over SEQ, but the patterns of failure are ambiguous as 
to why the benefit is present. Meanwhile, the benefit 
we see is not as dramatic as we might hope. Table 2 
compares the above listed trials. The consistency of 

Table 2 Comparison of median survival on  selected 
clinical trials

Treatment Median Surivial

Observation:

Roswit et al. (1968) [20] 3.5 mon

Reinfus et al. (1999) [21] 6 mon

RT alone:

Roswit et al. (1968) [20] 5 mon

Reinfus et al. (1999) [21] 12 mon

Dillman et al. (1990) [22] 9.6 mon

Sause et al. (1995) [24] 11.4 mon

Le Chevalier et al. (1991) [25] 10 mon

Induction chemotherapy followed by RT:

Dillman et al. (1990) [22] 13.7 mon

Sause et al. (1995) [24] 13.2 mon

Le Chevalier et al. (1991) [25] 12 mon

RTOG 94-10 (2000) [27] 14.6 mon

Furuse et al. (1999) [30] 13.3 mon

Concurrent chemotherapy with RT:

RTOG 94-10 (2000) [27] 17 mon

Furuse et al. (1999) [30] 16.5 mon
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the data is impressive, especially when you consider 
the data covers 40 years of therapy for lung cancer. 
If the benefit of concurrent chemotherapy is solely a 
result of local control then the need for it may change 
as technology changes and we become better able to 
deliver tumor ablative doses (see the Stereotactic Body 
Radiotherapy [SBRT] section in Chapter 1). If that 
was true chemotherapy could be moved to sequential 
once again, where it has a proven benefit for lung can-
cer patients who have had surgery (35,36). Maybe as 
local control improves to levels seen in surgery, as it 
has with SBRT in early stage disease, the way we inte-
grate chemotherapy may change.

Dose

Having established the utility of RT for NCLC, the 
necessity of chemotherapy, and having introduced 
the ambiguity of why and how it all works together, 
a reasonable question is what dose is the correct dose 
when treating definitively. Much of our current under-
standing of dose comes from the RTOG study 73-01 
(37,38). Patients with stage III and medically inopera-
ble stages I and II NSCLC were randomly assigned to 
receive either 40 Gy split course (20 Gy in 5 Gy frac-
tions followed by 2 week break, then 20 Gy in 5 Gy 
fractions), or 40 Gy, 50 Gy, or 60 Gy given daily in 2 
Gy per fractions. The trial enrolled 383 patients from 
1973 to 1978. The design diagrams for the fields are 
shown in Figure 2 and are instructive as to the changes 
RT has undergone since the time of this trial. There 
was an improvement in local control with 60 Gy as 
compared with the other regimens (35% local failure 
vs. 49%, 53%, and 58% for 50 Gy, 40 Gy, and 40 Gy 
split course, respectively). The initial report showed a 
survival advantage at 3 years for the 60 Gy regimen, 
but that improvement was lost with additional fol-
low-up. The overall survival for all the regimens was 
6% at 5 years. The dose of 60 Gy given in 2 Gy per 
fractions was deemed to be the superior regimen and 
that dose continues to be the most commonly used in 
the United States. While this tells us which of the four 
dose tested was superior in terms of local control, it 
doesn’t tell us which is the best dose to optimize sur-
vival. Given the poor local control using a local modal-
ity (RT), it is a reasonable conclusion that increasing 
the RT dose may improve local control, and such an 
improvement may lead to longer survival.

The RTOG conducted a dose escalation trial for 
3D conformal RT (3D CRT) using RT alone (39). 

Chemotherapy prior to the radiation was allowed, 
but no chemotherapy was given concurrent with 
the RT. This well-designed trial escalated dose base 
on amount of lung receiving 20 Gy (V20). For the 
patients with V20 <25%, the maximum tolerated 
dose (MTD) was 88.2 Gy, for patients with V20 of 
25% to 36%, the MTD was 77.4 Gy. Local failure 
(cancer progressed in treated field) was still present 
in 38% of patients.

With the advent of concurrent chemotherapy 
and RT the question of dose is again salient. There are 
two well-done phase 2 dose escalation trials available 
for guidance. The North Central Cancer Treatment 
Group (NCCTG) conducted a dose escalation trial 
using concurrent carboplatin (AUC=2) and paclit-
axel (50 mg/m2) given weekly with escalating doses 
of RT given in 2 Gy per fractions. This trial treated 
involved sites only (no ENI) and began at 70 Gy. The 
maximum tolerated dose was found to be 74 Gy (40) 
with the dose limiting toxicity (DLT) being grade 3 
pneumonitis (1/6 patients treated to 74 Gy). Limited 
patterns of failure were presented (median followup 
was 28 mon), but local failure was seen in only 15% 
of patients.

Investigators at the RTOG conducted a simi-
lar phase 1 dose escalation trial for patients with 
advanced NSCLC (41). The chemotherapy regimen 
used was identical to the NCCTG study. The RTOG 
reported that the MTD was 74 Gy at 2 Gy fraction, 
identical to the NCCTG results. The data on pat-
terns of failure and survival are not available from 
this trial. It is reassuring that the results of these two 
trials concluded on an identical MTD. In addition, 
Stinchcombe et al. (42) reported a phase 1/2 trial 
which included 62 patients with stage III disease. All 
patients receive induction and concurrent carbopla-
tin and paclitaxel, and the majority of these patients 
received 74 Gy/37 daily fractions. The median sur-
vival time was quite favorable at 25 months. The 
results of these trials made up portions of the ration-
ale behind a phase 3 clinical trial (RTOG 0617/
NCCTG N0628/CALGB 30609/ECOG R0617), 
which is comparing 60 Gy to 74 Gy when combined 
with chemotherapy.

Prophylactic Cranial Irradiation (PCI)

Patients with lung cancer commonly develop brain 
metastases. After curative lung cancer treatment, up 
to 30% of patients can develop brain metastases, often 
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as their only site of metastatic disease. Furthermore, 
approximately 50% of patients who develop brain 
metastases do so within 16 weeks of completing 
treatment for primary advanced lung cancer (43). 
Although NSCLC and SCLC have this same propen-
sity for the brain, PCI is viewed very differently for 
patients with NSCLC and SCLC.

First, PCI cannot be recommended for patients 
with NSCLC. A Cochrane review on four studies 
found that among 791 patients, PCI was able to reduce 
brain failure rates from 11% to 23% without PCI and 

to 1% to 6% with PCI. No impact was seen on over-
all survival among three out of the four trials (44). 
Studies were developed to address this problem by 
offering PCI to patients with advanced NSCLC. One 
of these studies was closed early due to accrual issues, 
despite the collaboration of many other cooperative 
groups (Radiation Therapy Oncology Group L-0214; 
ClinicalTrials.gov identifier: NCT00048997). 
Patients with stage IIIA or IIIB NSCLC without 
disease progression after locoregional treatment with 
surgery and/or radiation therapy with or without 
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Figure 2 Examples of portals used to treat primary lung tumor and regional lymph nodes From Ref. 1.
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chemotherapy were eligible for this trial. Participants 
were randomized to PCI or observation and stratified 
by stage (IIIA or IIIB), histology (nonsquamous or 
squamous), and therapy (surgery or no surgery). PCI 
was delivered to a total dose of 30Gy at 2Gy per frac-
tion, once daily. The primary endpoint was survival 
(OS). Secondary endpoints included disease-free sur-
vival (DFS), incidence of brain metastases, neuropsy-
chological and QOL impact of PCI. The total accrual 
was 356 patients of the planned 1,058. Of these 340 
patients were evaluable. One year OS (75.6% and 
76.9% for PCI and observation, P = .86) and 1 year 
DFS (56.4% and 51.2% for PCI and observation, P 
= .11) were not statistically significantly different. 
However, the incidence of brain metastases at 1 year 
was statistically significantly different with brain 
relapse of 7.7% for PCI versus 18% for observation 
(P = .004). Patients in the observation arm were 
2.52 times more likely to develop brain metastases 
than those in the PCI arm (odds ratio = 2.52, [95% 
CI = 1.32–4.80]). There were no significant differ-
ences at 1 year between the two arms amongst any 
QOL components (45). Therefore, PCI is unlikely to 
become part of our routine practice for patients with 
locally advanced NSCLC; although, some authors 
suggest that it can be given to high-risk patients on 
an individual basis (46).

t r e Atm e n t p l A n n I n g o f  ■

t h o r Ac I c rt

Simulation

Radiation oncology is a rapidly evolving field, quickly 
adapting to the advances in treatment planning and 
delivery that has resulted primarily from advancing 
computing power and advanced imaging. The “state 
of the art” yesterday may not be the current state of 
the art. The process of simulation has seen evolution 
as dramatic as seen in treatment planning and deliv-
ery systems. This is exemplified by the field designs 
seen in RTOG 73-01 (Figure 2). Simulation for that 
trial consisted of simple chest x-rays taken with the 
patient supine. Target definition was made with a 
wax pencil and was usually completed before the 
patient left the department after the simulation. Now 
the common standard is CT-based simulation for all 
of radiation oncology, and wax pencils are now only 
used by old professors to show residents what it was 
like “back in my day.” For thoracic RT, the optimal 

simulation includes four-dimensional CTs (4D CT) 
when available. The use of traditional thin slice CTs 
results in volume errors, as the tumor moves in and 
out of the CT slice during respiration. This creates 
errors in GTV assessment (47) due to this “interplay” 
of tumor motion and the progression of the CT, for 
example the tumor may be at deep inspiration dur-
ing one slice, and mid expiration during the next 
slice. The byproduct of that error is that the GTV 
may appear to increase and decrease in diameter in 
the chest. A 4D CT is a standard CT (which gives 
three dimensions) plus a fourth variable/dimension 
of time. The variable of time is added by the use of 
a respiratory trace. This is done by measuring the 
motion of a light sensor, or by using bellows to moni-
tor a breathing cycle. The breathing cycle (from peak 
to peak) is then broken into 10 phases, representing 
the different percentages of the respiratory cycle. The 
CT is able to correlate patient position to respiratory 
position (i.e., patient is at couch position—10 cm 
while at respiratory position of 10% of the respiratory 
cycle) and then “bins” 10 CT such that a complete 
CT is generated for each respiratory position (i.e., a 
full CT at 10% of the respiratory cycle). The result of 
all this hard work on the part of the planning session 
is that a cine loop of the CTs is obtainable showing 
the motion of the tumor through a respiratory cycle. 
Each of the CTs can be used for contouring, allow-
ing the radiation oncologists to track tumor position 
over the respiratory cycle. More on target delineation 
is listed below.

Target Volumes

ICRU report 62 (48) provides a thorough discussion 
of treatment volumes defined for radiation oncol-
ogy dose delivery. In Figure 3 we clarify some of the 
definitions of the ICRU report 62, and add a more 
practical definition which we commonly use in clini-
cal practice. Some discussion about these individual 
volumes as they relate to the treatment of advanced 
NSCLC is worth reviewing.

GTV

GTV is the gross tumor volume and is a radiographic 
volume, that is the tumor you see on radiographic 
exams (CT, MRI, x-ray, etc.). Although MRI can 
be used for tumor assessment in lung cancer, the 
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majority of practicing radiation oncologists use CT 
imaging to define the GTV. Generally speaking, the 
GTV does not consider time or motion as a func-
tion of its volume (distinguishing it from the ITV 
described below). It is frequently appropriate to make 
separate GTVs for the primary tumor itself and for 
the nodal disease. These separate GTVs can then be 
independently expanded for the CTVs and ITVs as 
described below.

CTV

CTV is the clinical target volume. This volume 
includes the GTV but has additional expansion to 
cover other tissue deemed to be at high risk of micro-
scopic disease. Whereas GTV and typically ITV are 
radiographic margins, CTV is an intellectual mar-
gin. The CTV may include a margin around the 
primary tumor to cover microscopic spread as well 
as nodal stations deemed to be at high risk of har-
boring microscopic disease. In regards to the CTV to 
include around primary tumors, there are two excel-
lent articles looking at appropriate CTVs for primary 
lung cancers (49,50). Both are recommended to the 
interested reader. The authors used radiographic vol-
umes and compared it to the pathologic volumes to 
estimate the microscopic extension of tumor cells sur-
rounding the primary tumor. It is encouraging how 
closely these two authors agree with regard to appro-
priate volumes to cover 95% of tumors. Grills et al. 

(49) found the microscopic extension was best cor-
related with histologic grade, with low grade tumors 
requiring larger margins to cover creaping bronchioa-
veolar carcinoma (BAC), whereas nuclear grade 2 
and 3 tumors required 7 and 2 mm, respectively, to 
cover the true CTV. The authors Giruard et al. (49) 
found a difference in microscopic extension based on 
squamous versus adenocarcinomas. In their review, 
margins of 6 mm were required for squamous histolo-
gies, and 8 mm were required for adenocarcinomas. 
For a practical summation, we typically use 7 mm to 
accommodate both data sets. A couple of important 
caveats are appropriate to remember here as well. First, 
these volumes are for microscopic extension in open 
lung. Hence, the 7 mm expansion around an ITV 
would be pulled in to 2–3 mm if the CTV came in 
contact with solid thoracic structures such as the chest 
wall or mediastinum. As such this volume should be 
reviewed on each CT slice to ensure that unnecessary 
volumes are not being treated. That accommodation is 
frequently useful when trying to spare normal tissues 
such as the esophagus, spinal cord, brachial plexus, 
and other dose-limiting structures. Second, these data 
apply to primary lung tumors and not to mediasti-
nal nodes. The microscopic extension around lymph 
nodes is typically 3 mm (51). Altering the CTV in 
accordance with the previous caveats will typically 
allow more sparing of normal tissues within the medi-
astinum such as the heart and esophagus.

A second important discussion regarding 
appropriate CTVs is the discussion of elective nodal 
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Figure 3 Comparison of target volume definitions.
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irradiation (ENI). As stated above CTVs are intel-
lectual volumes, and hence are prone to strong dif-
ferences of opinion about the appropriateness of the 
different CTV definitions in NSCLC. ENI is the 
treatment of thoracic lymph node stations that are 
not radiographically involved with tumor at the time 
of simulation. Translated into the context of this 
chapter, ENI involves expanding the CTV to include 
lymph node stations that are not involved by cancer 
by CT or PET definitions. Historically, this meant 
treating the entire mediastinum similar to the fields 
shown in Figure 2 (73-01 fields). Currently it may 
mean treating the entire mediastinum, or may mean 
treating 1 to 2 lymph node stations beyond the GTV/
ITV (52). Those in favor of treating elective nodal 
volumes point to surgical literature showing micro-
scopic involvement of high-risk mediastinal lymph 
node station that appear normal on imaging, but 
are positive at time of mediastinal dissection. This 
rate is easily translatable from the negative predictive 
value of PET for assessment of the mediastinum (see 
above). Hence, excluding them from a CTV excludes 
tumor from planned RT volumes. On the surface 
exclusion of those volumes sounds like “a hear no 
evil, see no evil, speak no evil” approach to treatment 
planning. There is more to this story, however.

The opponents of ENI point to several lines 
of research when advocating for an involved field 
approach to NSCLC. First, patterns of failure stud-
ies have found isolated nodal failure rare. RTOG 
(53) reviewed the treatment fields of 1,705 patients 
treated on RTOG protocols and assessed the quality 
of mediastinal coverage. They found no correlation 
between nodal coverage and mediastinal failure or 
2-year overall survival. Subsequently several insti-
tutions moved to treating only involved fields in an 
attempt toincrease dose and limit toxicity. Summed 
experience from these investigators (54,55) showed 
an isolated nodal failure rate of only 0% to 6%. This 
is contrasted to local failure rate of 27% to 62%. 
This is retrospective data, however, and subject to the 
quality of the follow-up data. University of Michigan 
conducted a prospective dose escalation trial using 
involved field RT (56). Results of this prospective 
trial with carefully defined follow-up showed no iso-
lated regional failures, and no regional-distant failure 
in the 106 patients treated. Local failure, in contrast, 
was present in 54% of the patients despite dose escal-
ation to more than 100 Gy. The RTOG conducted a 
similar dose escalation trial and omitted ENI from 
the treatment (39). In 179 patients, regional failure 

in elective nodal sites was <10%, whereas local failure 
was 38%. So, even when treating to the high doses 
used on phase I dose escalation trials, the failure rate 
inside the PTV is 3–5× higher than in elective nodal 
volumes. This low-failure rate may be explained by 
these sites receiving incidental RT while treating the 
non-ENI PTVs (57).

Second, the use of ENI increases treatment 
volumes and limits the possibilities of dose escala-
tion. Grills et al. (58) compared full ENI plans to 
3D conformal RT plans and intensity modulated RT 
(IMRT) plans. They found  treating involved field 
(IF) RT only allowed them to escalate the dose by 
80% when treating with 3D CRT and 130% when 
treating with IMRT, while keeping the risk of tox-
icity the same across the groups. A controversial 
trial related to this was recently published by Yuan 
et al. (59) and merits review. These investigators 
randomized 200 patients with stage III NSCLC to 
either 60–64 Gy treating ENI fields or 68–74 Gy of 
IF fields. Both arms were combined with platinum-
based chemotherapy. The results showed improved 
5-year local control (51% vs. 36%, P = .032), lower 
rate of pneumonitis (17% vs. 29%, P = .044), and an 
improved 2-year OS (25.6% vs. 39.4%, P = .048). 
The critics of this trial have correctly stated that the 
trial addresses the benefits of dose, rather than the 
benefits of field design. As such it doesn’t establish 
that IF is superior to ENI, but rather that 68–74 Gy 
is superior to 60–64 Gy. However, it does point to 
the fact that dose was escalated by 10 Gy with with 
IF RT, which resulted in significant improvements in 
local control, survival, and toxicity.

Our conclusion of the data on ENI is that pur-
poseful treatment of elective nodal sites is unneces-
sary. In patients treated intentionally with IF RT, 
significant doses of RT are delivered to the adjacent 
nodal sites and this may be enough to control micro-
scopic disease. Local failure within the IF PTV is rela-
tively high and this overshadows the small risk of iso-
lated nodal failure in outside of the treatment target. 
As we improve RT techniques and begin to achieve 
local control rates similar to what we see in early stage 
NSCLC with SBRT, patterns of failure may change, 
and we may find a renewed need to consider ENI.

ITV

ITV is the internal target volume. For this definition, 
in terms of practical application in the use of RT, we 



Radiotherapy for the Locally Advanced Non–Small Cell Lung Cancer  35

disagree with the definition provided by ICRU report 
62, which describes the ITV as a CTV expanded to 
cover motion. Hence, when planning a lung case fol-
lowing the ICRU report 62 strictly, the ITV volume 
is greater than the CTV volume. Patient-specific 
ITVs for NSCLC are typically derived using a 4D 
CT simulation. The ITV is then defined by examin-
ing the movement of the GTV over a typical respira-
tory cycle. The ITV then is a radiographic parameter 
defined by another radiographic parameter rather 
than a radiographic parameter, the addition of a 
CTV, and then migration to another radiographic 
parameter. The process of doing a 4D CT simula-
tion takes long enough without adding unneces-
sary complication. For practical purposes, an ITV 
is the expansion of the GTV to account for motion 
through the respiratory cycle. In clinical practice, 
we recommend that the CTV be added to the ITV. 
The reason for the confusion was that the original 
authors of the ICRU report 62 anticipated that ITV 
would be defined by population-based statistical 
reports of tumor motion, rather than patient-specific 
motion. Indeed, they felt ITV would primarily be 
of interest to physicists studying organ motion and 
advised clinicians to consider only GTV, CTV, and 
PTV (60).

PTV

The PTV is margin around the CTV that accounts 
for the errors associated with therapy. These errors 
come in two types: Random errors associated with 
individuals’ daily setup due to uncertainties in 
patient’s tumor position and systematic errors asso-
ciated with the errors inherent in the machine and 
daily setup. The PTVs are therefore specific both to 
the individual and to the institution. They are indi-
vidual in that tumor position, presence of a cough, 
etc. influence daily error and hence the PTV vol-
ume chosen. They are institutional in that the way 
the treatment is delivered and verified influence 
the error and hence the PTV volume chosen. PTVs 
are typically prescribed as a uniform expansion of 
a CTV. As such, decreasing the required PTV vol-
ume can affect a treatment volume by a substantial 
amount. Methods to decrease the PTV have dramat-
ically improved in recent years. The ways to reduce 
PTV can be broadly divided into two different cate-
gories: Patient-specific methods and delivery-specific 
methods.

Patient-specific methods primarily center on 
restricting or limiting the motion of the tumor. These 
include monitored breathing, breath hold, and gated 
therapy. Delivery-specific methods would include 
improved immobilization, abdominal compression, 
and image guidance with on-board imaging via KV 
x-ray or cone beam CT.

t r e Atm e n t p l A n n I n g ■

The fields shown for RTOG 73-01 would typically be 
described as two-dimensional (2D) treatment plan-
ning. There are no GTV-CTV-PTV considerations 
and no attempt to spare critical structures. For the 
most part, the days of 2D planning is past and modern 
RT for NSCLC incorporates three-dimensional (3D) 
planning. The previous section of this chapter details 
many of the considerations when generating 3D plans. 
These are used in conjunction with concerns about 
normal tissue toxicity (please see Chapter 13) to create 
the parameters of an acceptable plan. But what about 
other planning methods? Most radiation oncologists 
will have the tools to deliver intensity modulated RT 
(IMRT) in their facility. Is IMRT an acceptable alter-
native? What are the benefits and potential disadvan-
tages in using IMRT in NSCLC?

The primary concerns with the use of IMRT in 
NSCLC involve “interplay” and increase in the inte-
gral dose to normal lung. Remember we briefly dis-
cussed interplay in the section above as it related to 
the simulation CT and the primary tumor. The con-
cept here is essentially the same, with some different 
actors. The term “interplay” refers to the relationship 
between beamlets in an IMRT field and their motion 
relative to the motion of the target. If you imagine a 
cell in a tumor moving through the respiratory cycles, 
and then imagine the variety of beamlets in that are 
delivered in an IMRT field, you can imagine that 
a cell may move together with a beamlet, receiving 
more dose than was intended, or may move opposite 
the beamlet, receiving less dose or perhaps no dose 
during the delivery of the beamlet. It is primarily the 
possibility of underdosing as a result of interplay that 
concerns physicists and physicians alike. Whereas 
interplay affected the geometric shape of the GTV 
for simulation, the interplay in IMRT potentially 
affects dose delivered to the GTV.

For the most part this concern appears to be 
unfounded when calculating dose over a 30+ frac-
tion regimen if an ITV is generated (61). Using 
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the above example, individual cancer cells may be 
underdosed in one fraction, but overdosed in a sub-
sequent fraction, averaging the error. In addition, 
IMRT appears to have benefits in terms of sparing 
normal tissues while escalating dose. In a compari-
son of 3D conformal plans with IMRT plans Grills 
et al. (58) saw a 15% improvement in lung V20 and 
a 40% improvement in esophagus V50 as compared 
with 3D conformal RT. This was at the expense of a 
slight increase in median lung dose. Other authors 
have seen a reduction in pneumonitis with the use of 
IMRT in conjunction with chemotherapy. Yom et al. 
(62) examined their experience using IMRT for 151 
patients with NSCLC. When comparing the results 
with patients treated at the same institution with 
3D conformal RT they saw a reduction in the risk 
of pneumonitis from 32% for 3D to only 8% with 
IMRT. In our clinical practice we begin planning 
patients with 3D conformal RT and switch to IMRT 
if we find the Lung V20 to exceed 30%. In those situ-
ations we have seen an improvement in V20 similar 
to what was seen by Grills et al. (58), and we believe 
the added expense is justifiable when compared to 
the increased risk of grade 3 pneumonitis.

pA rt I c l e t h e r A p y ■

Particle therapy, and particularly proton therapy, is 
becoming a hot topic for all of Radiation oncology. 
There is ample data on the feasibility of using protons 
for early stage NSCLC, but precious little data for 
advanced NSCLC. There are several dosimetry stud-
ies showing reduced dose to critical structures when 
using proton therapy (63,64), but we have yet to see 
a publication on patients treated with these tech-
niques. Protons are uniquely dependent on density. 
The density of lung can vary dramatically depend-
ing on both phases of the respiratory cycle and the 
cardiac cycle (65). As such, looking at proton dosim-
etry simply on a static planning scan may not reveal 
all the dose ambiguities present during the delivery 
of the dose. We await the results of ongoing trials at 
MD Anderson and other particle centers.
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Bronchogenic carcinoma is divided into two distinct 
entities: small cell lung cancer (SCLC) and non–small 
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A B S T R AC T ■

Pathology and Natural History: Small cell lung cancer (SCLC) represents 15% to 20% of all cases of all lung can-
cer. Nearly 35,000 Americans are diagnosed with SCLC each year. The 2004 World Health Organization (WHO) 
System describes two variants: small cell carcinoma and combined small cell carcinoma. The latter includes SCLC 
cells with any of the histologic types of non–small cell lung cancer.
Clinical Behavior, Evaluation, and Staging: SCLC is an aggressive tumor with a very short natural history. The diag-
nosis is based on histologic examination of tissue or sputum. Staging is generally performed with history and physical 
examination, computed tomography (CT) or magnetic resonance imaging (MRI) of the brain, CT scans of the chest 
and abdomen, and positron emission tomography (PET). The International Union Against Cancer or the American 
Joint Committee on Cancer Staging System is recommended for use in staging SCLC patients, but the 1973 Veterans 
Administration (VA) distinction of “extensive stage” versus “limited stage” is more commonly employed. This system 
relies on the ability to include all known disease within a “reasonable” radiation field for limited-stage patients.
Therapy/Algorithm: The standard management of limited-stage SCLC patients is platinum-based chemotherapy 
concurrently with thoracic radiotherapy (RT). Platinum-based chemotherapy is generally given for four cycles. 
Thoracic RT is generally started early and given concurrently with cycles 1 or 2 of chemotherapy. Total thoracic 
radiation doses range from 40 to 60 Gy in most trials. A large randomized prospective trial demonstrated a survival 
advantage to twice-daily accelerated hyperfractionated RT over standard once-daily thoracic RT. Most current clin-
ical protocols for limited disease employ the involved-field technique of thoracic RT, in which the RT target volume 
includes the known extent of primary tumor and malignant lymphadenopathy with, perhaps, one additional nodal 
station. Large fields including more extensive elective nodal irradiation are discouraged. If a patient achieves a favor-
able response prophylactic cranial RT should be recommended.

cell lung cancer (NSCLC), and these categories have 
distinguishing clinical, biologic, and histologic fea-
tures. During 2009, lung cancer was diagnosed in an 
estimated 219,440 patients and caused an estimated 
159,390 deaths in the United States (1). Between 15% 
and 20% of patients with lung cancer have SCLC 
and of these 30% have limited-stage disease (2). Very 
few SCLC patients have International Union Against 
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Cancer (UICC) stage I disease. Lung cancer is a dis-
ease of the elderly with a median age of 71 years at 
diagnosis (3).

The natural history of untreated SCLC included 
rapid tumor progression with a median survival of 
only 2 to 4 months (4). Until the late 1960s, physi-
cians did not differentiate the management of small 
cell from non–small cell lung cancer (NSCLC), and 
clinical trials in the 1970s continued to include both 
major histologic types. It was recognized that most 
patients with SCLC had poor survival following 
resection and/or radiotherapy (RT) with little appar-
ent survival benefit from either therapy. A major 
change in management occurred in the late 1960s 
and was linked to the recognition that SCLC was 
far more responsive to chemotherapy than NSCLC 
(5). Since that time, the standard of care for SCLC 
patients has included chemotherapy in addition to 
locoregional therapies.

PAT H O LO GY A N D PAT H WAYS   ■

O F  S P R E A D

SCLC arises from neuroendocrine cells. The 2004 
World Health Organization (WHO) Classification 
defined SCLC as, “a malignant epithelial tumor con-
sisting of small cells with scant cytoplasm, ill-defined 
cell boarders, finely granular nuclear chromatin, and 
absent or inconspicuous nucleoli. The cells are round, 
oval, and spindle-shaped. Nuclear molding is promi-
nent. Necrosis is extensive and the mitotic count 
is high. It occurs in two variants: small cell carci-
noma and combined small cell carcinoma. The latter 
includes SCLC cells and any of the histologic types 
of NSCLC (6). The cells appear as small blue cells on 
hematoxylin and eosin staining and often appear as 
stacks of oats under that microscope leading to the 
name more often used in the older publications, “oat 
cell carcinoma.” Electron microscopy shows dense-
core neurosecretory granules. SCLC cells are immu-
noreactive for keratin, thyroid transcription factor 1, 
and epithelial membrane antigen.

B I O LO G I C C H A R AC T E R I S T I C S/ ■

MO L E C U L A R B I O LO GY

Cigarette smoke is a powerful mutagen that is strongly 
associated with the development of SCLC. Acquired 
hypermethylation of the promoter region of key genes 

has become a common mechanism that tumors use to 
inactivate tumor suppressor and other genes. A number 
of genetic mutations are frequently observed in SCLC 
tumors that frequently involve tumor suppressor genes 
(TSGs). The mutations lead to dysfunction of these 
suppressor molecules leading to the unrestricted tumor 
growth. The most common are deletions in the short 
arm of chromosome 3 in the 3p14–23 region (>80% of 
SCLC cases), inactivation of the retinoblastoma (Rb) gene 
on chromosome 13 (90%), and mutations of the p53 
tumor suppressor gene on the short arm of chromosome 
17 (>80%) (Table 1) There has been substantial prog-
ress in understanding the relationship of these molecular 
abnormalities and the events leading normal bronchial 
epithelium to become invasive carcinoma. There has not 
yet been much progress made in preventing these events 
or reversing them, once they have taken place.

The chromosome 3 genetic deletions have 
been observed in both dysplastic and preneoplastic 
changes and have been demonstrated as the genetic 
mutation associated with the transformation of pre-
cancerous lesions into carcinoma. There has recently 
emerged evidence that the critical deletion in SCLC 

TABLE 1 Molecular abnormalities in lung cancer

Molecular Abnormality  SCLC (%) NSCLC (%)

Ras mutation <1 30–40
Myc amplification 30 10
EGFR expression NR 40–80
c-erbB-2 overexpression 
(HER-2)

10 30

c-kit/SCFR coexpression 70 15
Bcl-2 expression 95 35
p53 mutation 75–100 50
RB deletion (protein) 90 20
p16 inactivation <1 70
COX-2 expression NR 70
3p deletion 90 50
VEGF expression >100-fold 

variation
Matrix metalloproteinase 
(gelatinase) 

50 65

Neuropeptides 90 NR

COX, cyclo-oxygenase; EGFR, epidermal growth factor 
receptors; NSCLC, non–small cell lung cancer; RB, 
retinoblastoma gene; SCFR, stem-cell factor receptor; SCLC, 
small cell lung cancer; VEGF, vascular endothelial growth 
factor. NR = not reported
Source: Adapted from Ref. 7.
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and many other malignancies may be in a fragile por-
tion of chromosome 3 known as the Fragile histidine 
triad gene (FHIT gene) deletion (8,9). Mutations in 
FHIT are found in many different cancers suggesting 
that defects in these genes may have a role in tumor 
development. However, the exact significance of 
FHIT mutations in cancer formation is unclear since 
aberrant FHIT genes have been found in both malig-
nancies and normal noncancerous cells. Inactivation 
of the Rb gene most likely results in a loss of control 
of cell growth. It is believed that a functional Rb gene 
keeps the G1/S cell cycle boundary in check and that 
its inactivation will result in uncontrolled growth 
(10). The p53 mutations specific to SCLC have also 
been observed in preneoplastic lesions and appear 
to most closely resemble p53 mutations observed in 
other malignancies for which tobacco is a known car-
cinogen. It is likely that the mutations of p53 in SCLC 
impair the ability of tumor cells to undergo apoptosis 
in response to various therapies (11). Another growth 
regulator, which is overexpressed in 95% of SCLC 
tumors, is BCL 2. It is believed that this overexpres-
sion prevents the tumor’s apoptotic response to ther-
apy (12). There are continuing research to develop 
therapies that target the tumor-specific biologic 
abnormalities.

In many non–small cell specimens, point 
mutations in the ras family of oncogenes have been 
observed (13). These mutations are rarely observed 
in SCLCs, but commonly, amplification or overex-
pression of the myc family of oncogenes is observed, 
most notably, c-myc, N-myc, and L-myc. It appears 
that abnormalities are more often observed in recur-
rent tumors, tumors with variant rather than classic 
SCLC, or tumors with a more aggressive and unfa-
vorable prognosis. This has led to the concept that 
the overexpression of the myc oncogenes is a relatively 
late event in the pathogenesis of SCLC (14).

Another biologic feature that distinguishes 
small cell from NSCLC is the more common expres-
sion of neuroendocrine markers in SCLC. These 
neuroendocrine markers include enzymes (neuron-
specific enolase and L-dopa decarboxylase), pep-
tide hormones (gastrin-releasing peptide, arginine 
vasopressin), and surface markers such as neural cell 
adhesion molecule (NCAM). The two peptide hor-
mones meet the criteria of autocrine growth factors, 
which require the production of a growth-promot-
ing protein for which the producing cell has func-
tional receptors. In the case of gastrin-releasing pep-
tide, there is clear evidence that it is produced and 

secreted by many SCLC cells and then attaches to 
its cellular membrane receptors stimulating tumor 
growth (15). There are antibodies that have been 
developed against the abnormal proteins produced 
by tumors that are undergoing clinical testing (16). 
These antibodies could potentially block abnormal 
tumor biochemical functions such as the autocrine 
growth cycle.

C L I N I C A L M A N I F E S TAT I O N S/ ■

PAT I E N T E VA LUAT I O N/S TAG I N G

The presentation of patients with SCLC differs 
somewhat from those with NSCLC. These differ-
ences include fewer cases of SCLC diagnosed by 
imaging of asymptomatic patients, a shorter time 
from first thoracic symptoms to life-threatening 
symptoms, and the occasional presentation of SCLC 
with paraneoplastic symptoms. The signs and symp-
toms from either histology depend on the tumor 
location, bulk of the primary lesion, adenopathy, 
and/or metastatic disease. Because of the high fre-
quency of nodal involvement with SCLC cases, 
patients frequently present with symptoms such as 
dyspnea, dysphagia, hoarseness, and superior vena 
cava syndrome. Patients also present with other tho-
racic symptoms, including cough, hemoptysis, chest 
pain, and weight loss.

SCLC is the most common solid tumor to have 
a number of associated paraneoplastic syndromes. 
Several of these are endocrinologic and neurologic. 
The most common endocrinologic abnormality is 
the syndrome of inappropriate secretion of antidiu-
retic hormone (SIADH). This condition results from 
the excessive secretion of ADH from tumor tissue, 
leading to severe hyponatremia with resultant hypo-
osmolality. SIADH occurs in 11% to 46% of SCLC 
patients and typically resolves after response to anti-
cancer therapy. Restriction of free water intake is 
critical to maintaining proper sodium concentrations 
before SIADH improves secondary to cancer therapy 
(17). Two less common endocrinologic syndromes 
are atrial natriuretic peptide (ANP) syndrome, 
which can produce hyponatremia, natriuresis, and 
hypotension, and ectopic adrenocorticotropic hor-
mone (ACTH) production syndrome resulting in 
Cushing’s syndrome. The former occurs in about 
15% of SCLC cases and responds to therapy, whereas 
the latter occurs in 5% of cases and is associated with 
a poor prognosis (18).
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The neurologic syndromes associated with 
SCLC include Lambert-Eaton syndrome, cerebellar 
degeneration syndrome, encephalomyelitis, sensory 
neuropathy, and cancer-associated retinopathy. Each 
of these is observed in well under 5% of all SCLC 
patients. Lambert-Eaton syndrome is an autoimmune 
disorder that affects calcium channels of the neu-
romuscular junction. Antibodies are directed against 
the calcium channels responsible for the presynaptic 
release of acetylcholine. These antibodies prevent the 
opening of calcium channels preventing the release 
of acetylcholine. Patients with Lambert-Eaton syn-
drome present with myasthenia gravis–like symptoms 
of proximal myopathy, autonomic dysfunction, and 
hyporeflexia. Like many paraneoplastic syndromes, 
this condition is generally improved with response to 
anticancer therapy, although there can also be symp-
tomatic responses to anti-myasthenia therapies (19). 
The other neurologic syndromes are believed to be 
primarily autoimmune phenomena and most often 
respond poorly to cancer therapy (20,21). Table 2 
summarizes these SCLC-associated syndromes.

SCLC can be diagnosed with histologic or cyto-
logic sampling. In most cases, a diagnosis can be 
obtained via sputum expectoration, bronchoscopic 
sampling, or computed tomography (CT)–guided 
transthoracic needle aspiration. Rarely, mediastinos-
copy or thoracotomy is required. Cytologic techniques 
have improved so much that bronchoscopic brush 
technique can usually distinguish small cell from 
NSCLC, as can the needle aspirate from a transtho-
racic needle. Once the diagnosis is established, there 
is no need for additional invasive mediastinal staging, 

as there sometimes is for NSCLC. This is due to the 
limited role of surgical resection in management.

The UICC/American Joint Commission on 
Cancer (AJCC) has been universally adopted for 
staging patients with NSCLC but is less frequently 
employed for SCLC. Instead, the 1973 Veterans 
Administration (VA) Lung Cancer Study Group’s 
Staging System,which distinguishes between limited 
and extensive SCLC is more commonly used, despite 
its considerable imprecision (22). The initial defini-
tion of limited disease was an extent of intrathoracic 
disease encompassable within a “reasonable” radia-
tion field. Such a vague definition allows for many 
interpretations, which have ranged from patients with 
ipsilateral pleural effusions and contralateral medias-
tinal, supraclavicular, and hilar adenopathy to only 
those without effusions and with ipsilateral adenopa-
thy. Investigators in recent years have recognized the 
dangers of variable interpretations, and recent North 
American cooperative group trials require staging of 
SCLC patients with the standard TNM system prior 
to study entry. However, the categorization of SCLC 
patients into limited versus extensive stage disease 
has been extremely helpful for making rational treat-
ment choices and designing trials.

Approximately, two-thirds of SCLC patients 
have extensive-stage or stage IV disease at pres-
entation. This figure has increased from approxi-
mately 50% in the 1970s and 1980s, in part due to 
the greater sensitivity of screening techniques for 
metastatic disease. One of the principal goals of 
staging is to distinguish stages I–III from stage IV 
patients. This evaluation would typically include a 

TABLE 2 Syndromes associated with SCLC

Syndrome Major Problem Frequency (%) Improves with Therapy

SIADH Hyponatremia, 11 or more
Hypo-osmolality

ANP Syndrome Hyponatremia, 15 yes
Hypotension
Natriuresis

Ectopic ACTH production Cushingoid Symptoms 5 rarely
Lambert-Eaton Syndrome Myasthenia-like symptoms <5 yes
Cb degeneration Syndrome Cerebellar symptoms <5 rarely
CA-Associated Retinopathy  Blindness <5 rarely

ANP, atrial natriuretic peptide; CA, cancer; Cb, cerebellar; SIADH, syndrome of inappropriate antidiuretic 
hormone secretion.

Source: Schild, S, Curran, Chapter 40, Small Cell Lung Cancer. In: W. Clinical Radiation Oncology 2nd ed. 
Elsevier/Churchill Livingstone ©2007.
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 contrast-enhanced computed tomography (CT) scan 
of the thorax and upper abdomen (including the 
entire liver and both adrenal glands, bone scan, and 
either CT or magnetic resonance imaging (MRI) 
scan of the brain. In addition, serum studies would 
include a complete blood count with differential and 
complete chemistry screening panel. Bone marrow 
aspirates and biopsies have been advocated by some 
investigators but are not currently performed for 
limited SCLC in most current trials. If all of these 
investigations confirm that the patient has limited-
stage SCLC, the patient should also undergo pul-
monary function testing to confirm his or her ability 
to tolerate aggressive thoracic RT. Positron emission 
tomography (PET) scans are quite accurate for the 
staging of this SCLC. PET scan can aid in both 
the choice of appropriate therapy because of more 
accurate staging of disease and as an aid in the RT 
planning by better identifying the target (23). PET 
scanning does not replace either CT or MRI of the 
brain in staging. Because the background uptake of 
the tracer is quite high in the brain, metastases are 
difficult to distinguish from the brain itself. In addi-
tion, recent changes in Medicare guidelines regard-
ing the indications for PET will allow much greater 
use of this very helpful imaging modality for SCLC. 
PET can now be used in Medicare patients for the 
initial staging of SCLC.

Investigators need to be cautioned regarding the 
influence of ever improving staging techniques on 
the interpretation of survival results. Many patients 
previously believed to have limited disease are cur-
rently “upstaged” to the extensive-disease category 
because of more sensitive staging studies. It is likely 
that their inclusion in the extensive-disease group 
and their exclusion from the limited disease category 
will improve survival rates of both groups. This effect 
is known as the “Will Rogers phenomenon,” which 
was first described in oncology among patients with 
SCLC and is based on the quotation, “When the 
Okies left Oklahoma and moved to California, they 
raised the average IQ in both states.” The implica-
tion being that the people who left Oklahoma were 
of lesser intellect than those left behind but more 
intelligent than the general population of California. 
One method of reducing the statistical distortions 
of the Will Rogers phenomenon (stage migration) 
is to compare survival outcome of entire popula-
tions rather than on a stage-by-stage basis. The best 
method of controlling for this potential bias is to per-
form properly stratified randomized trials.

There have been several efforts to identify prog-
nostic factors other than staging as a means to better 
select patients for specific therapies. As with many 
malignancies, good performance status, young age, 
and female gender are associated with better progno-
sis, and these have been verified in large multivariate 
analyses (24–27). Among available laboratory tests, 
elevated lactate dehydrogenase (LDH) serum levels 
were most commonly associated with a poor prog-
nosis, and hyponatremia and low albumin level were 
found in several studies to be independent adverse 
prognostic factors. The metastatic site found to be 
most unfavorable was the liver. Although such stud-
ies are valuable in understanding a disease, they 
are confounded by the extent and quality of imag-
ing evaluation, available therapies, and selection of 
variables tested. Risk categories have been created 
by two different British groups, which include prog-
nostic factors such as performance status and several 
laboratory tests such as LDH, alkaline phosphatase, 
and sodium level. The Mayo Clinic/North Central 
Cancer Treatment Group (NCCTG) recently evalu-
ated 1598 patients with SCLC to determine prog-
nostic factors. Multivariate analysis revealed that 
performance status, age, gender, greater number of 
metastatic sites, and baseline creatinine levels were 
all associated with survival of patients with extensive 
disease. Among patients with limited disease, only 
age and gender were associated with survival (27). 
One critical reason for determining prognostic fac-
tors is to use them for the proper patient stratifica-
tion and selection when designing trials. This allows 
the investigators to decrease uncontrolled biases from 
clouding the results of well-designed trials.

P R IM A RY T H E R A P Y ■

Decisions regarding optimal therapy of patients with 
limited-stage SCLC must consider a patient’s pulmo-
nary and cardiac fitness, ability to tolerate specific 
chemotherapeutic agents, prior history of malignan-
cies and their treatment, as well as patient age and per-
formance status. Since the diagnosis of limited-stage 
disease by definition implies the potential ability to 
receive an aggressive course of thoracic RT, such treat-
ment should be feasible. The issues discussed in the 
following sections have generally been studied in tri-
als involving patients with ambulatory performance 
status (using mainly the Zubrod Performance Score 
of 0–1); no prior anticancer therapy; and acceptable 
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organ (pulmonary, cardiac, renal, and hepatic) func-
tion. How these principles can be applied to patients 
not meeting those criteria should be determined on 
an individual basis.

Although performance status is an important 
prognostic factor among SCLC patients, a decline in 
performance status may be related to factors other 
than the malignancy. With the help of pulmonary 
physicians or other caregivers, a patient suffering from 
treatable conditions such as bronchitis, pneumonia, 
or an exacerbation of chronic obstructive lung dis-
ease can improve his or her performance status prior 
to the initiation of therapy. Such an improvement 
may in turn increase the likelihood of tolerating 
and benefiting from aggressive multimodality ther-
apy. Recent weight loss among patients with a lung 
malignancy is usually considered a symptom of can-
cer-related cachexia and will only be reversible with 
a response to anticancer therapy. However, there can 
be more easily reversible causes of weight loss among 
these patients, including problems with dentition or 
dentures, oral candidiasis, thoracic pain requiring 
analgesia, or gastroesophageal reflux. Management 
of these problems is also likely to improve a patient’s 
tolerance of therapy.

Use of Thoracic RT

After the demonstration in the late 1960s of activ-
ity of several chemotherapeutic agents and the poor 
prognosis of patients treated with surgery and/or 
radiation alone, multiagent chemotherapy became 
the primary therapy for all stages of SCLC (28,29). 
Unfortunately, recurrence inevitably followed the 
response to chemotherapy and these relapses were 
most frequent in areas of previous disease. This pat-
tern of failure led investigators to reexamine the 
use of thoracic RT for limited-stage SCLC. Today, 
both RT and chemotherapy have central roles in the 
treatment of limited-stage SCLC (30,31). A series 
of randomized trials have been performed compar-
ing chemotherapy alone with chemotherapy with 
thoracic RT (32–35). In 1992, two meta-analyses 
were published regarding the role of thoracic RT in 
addition to chemotherapy (2,35). They were based 
on randomized prospective studies that compared 
chemotherapy alone to chemotherapy plus thoracic 
RT. Pignon et.al. reported a 3-year survival rate of 
14.3%, with combined modality therapy compared 
to 8.9% with chemotherapy alone (P = .001). This 

5.4% absolute difference in 3-year survival rates was 
identical to the 5.4% difference in 2-year survival 
(P <.001) reported by Warde and Payne (2). While 
this 5.4% difference may seem rather small, it repre-
sented a 61% increase in the 3-year survival of 8.9% 
achieved with chemotherapy alone (35). In addition, 
the intrathoracic tumor control was improved by 
25.3% in the RT arms (2).

Sequencing and Timing of Thoracic RT and 
Chemotherapy

Chemotherapy and thoracic RT can be and have 
been delivered concurrently, sequentially, or in an 
alternating manner. Potential advantages of concur-
rent delivery include the shorter overall treatment 
time, an increase in overall treatment intensity, and 
potential anticancer synergism between the various 
therapies. Disadvantages include the heightened 
risk of toxicity and the inability to assess the anti-
tumor response rate of the chemotherapy alone. The 
Japanese Clinical Oncology Group (JCOG) per-
formed a phase 3 trial in which limited-stage SCLC 
patients were randomized to sequential or concur-
rent therapy. All 231 patients received four cycles of 
etoposide and cisplatin (EP) every 3 weeks (sequen-
tial arm) or 4 weeks (concurrent arm) and were ran-
domized to receive thoracic RT during the first cycle 
of chemotherapy in the concurrent arm or after the 
fourth cycle in the sequential arm. Thoracic RT con-
sisted of 45 Gy (1.5 Gy twice daily) over 3 weeks. 
Concurrent therapy yielded better survival than 
sequential therapy (P = .097). The median survival 
time was 19.7 months in the sequential arm versus 
27.2 months in the concurrent arm. The 5-year sur-
vival rate for patients treated sequentially was 18.3% 
compared to 23.7% for those treated concurrently. 
Hematologic toxicity was more severe in the concur-
rent arm. However, severe esophagitis was infrequent 
in both arms, occurring in 9% of the patients in the 
concurrent arm and 4% in the sequential arm. The 
authors (36) concluded that the findings strongly 
suggested that concurrent therapy was more effec-
tive for the treatment of limited-stage SCLC than 
sequential therapy. While the P value was not sig-
nificant, the trend favors concurrent therapy, which 
is also consistent with the studies that examined this 
issue for NSCLC (37,38).

There have been multiple randomized trials that 
have addressed the issue of timing of thoracic RT 
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during programs of concurrent chemotherapy and 
thoracic RT. In the trial conducted by the Cancer 
and Leukemia Group B (CALGB) from 1981 to 
1984, 426 limited-stage SCLC patients were treated 
with cyclophosphamide (C), etoposide (E) or doxo-
rubicin (A), and vincristine (V) and randomized to 
(Arm 1) no thoracic RT; (Arm 2) thoracic RT start-
ing during cycle 1 of chemotherapy; or (Arm 3) tho-
racic RT starting during cycle 4 (32). The thoracic 
RT in both arms was 50 Gy administered over a 
period of 6 weeks. There was a survival advantage 
favoring arms 2 and 3 over the no-RT arm, with the 
best results achieved in arm 3. The 5-year survival 
rates were 3% for chemotherapy alone, 7% for early 
thoracic RT, and 13% for delayed thoracic RT. One 
criticism of this trial is that the doses of chemotherapy 
in arm 2 are intentionally reduced to lessen the risk 
of heightened toxicity during concurrent thoracic RT 
early in a chemotherapy program.

A National Cancer Institute of Canada (NCIC) 
trial compared thoracic RT (40 Gy/15 fractions in 3 
weeks) applied during cycle 2 versus cycle 6 of an alter-
nating chemotherapy regimen including CAV and cis-
platin-etoposide (39). A survival advantage was noted 
for the patients randomized to cycle 2 thoracic RT, 
with median survival times of 16 versus 12 months 
and 4-year survival rates of 25% versus 15%.

James et al. (40) reported a trial of early ver-
sus late thoracic RT. A total of 325 limited stage 
(L-SCLC) patients were randomized to early thoracic 
RT with the 2nd course of chemotherapy versus late 
thoracic RT with the 6th course of chemotherapy. 
The chemotherapy was identical in each arm and 
included 6 cycles of cyclophosphamide, doxorubicin, 
and vincristine (CAV), alternating with cisplatin and 
etoposide on days 1 through 3. The thoracic RT dose 
was 40 Gy in 15 fractions in 3 weeks. Prophylactic 
cranial RT was given to responding patients. Median 
and 3-year survival were 13.5 months and 16% with 
early thoracic RT versus 15.1 months and 20% with 
late thoracic RT (P = .18).

Thus, conflicting results have been reported 
regarding the timing of thoracic RT. However, recent 
meta-analyses do help make sense of the contradic-
tory data. One study analyzed randomized trials 
published after 1985 addressing the timing of tho-
racic RT relative to chemotherapy in limited-stage 
SCLC. Early thoracic RT was initiated <9 weeks 
after starting of chemotherapy and late thoracic 
RT >9 weeks. Seven trials (n = 1,524 patients) met 
the inclusion  criteria and were included. The relative 

risk of survival for early thoracic RT compared to 
late thoracic RT for all studies was 1.17 (95% con-
fidence interval (CI), 1.02–1.35, P = .03), indicating 
an increased 2-year survival for early versus late tho-
racic RT patients. This translated to a 5.2% (95% CI, 
0.6%–9.7%, P = .03) improvement in the 2-year sur-
vival for early thoracic RT. This small but significant 
improvement in 2-year survival for early thoracic RT 
was similar in overall magnitude to the benefit of 
adding thoracic RT or prophylactic cranial irradia-
tion to chemotherapy (41).

A subsequent meta-analysis also investigated 
timing factors for combined chemotherapy and RT, 
with respect to long-term survival of patients with 
limited-disease small cell lung cancer. Using meta-
analysis methodology to compare results within 
phase 3 trials, the influence of the timing of chest 
radiation and the start of any treatment until the 
end of RT (SER) on local tumor control, survival, 
and esophagitis was analyzed. The SER was the most 
important predictor of outcome. There was a signifi-
cantly higher 5-year survival rate in the shorter SER 
arms (relative risk [RR] = 0.62; 95% CI, 0.49 to 0.80; 
P = .0003), which was more than 20% when the 
SER was less than 30 days (upper bound of 95% CI, 
90 days). A low SER was also associated with a higher 
incidence of severe esophagitis (RR = 0.55; 95% CI, 
0.42 to 073; P < .0001). Each week of extension of 
the SER beyond that of the study arm with the short-
est SER resulted in an overall absolute decrease in the 
5-year survival rate of 1.83% +/− 0.18% (95% CI). 
Less time between the first day of chemotherapy and 
the last day of chest RT was associated with improved 
survival in limited-stage SCLC patients (42).

In summary, it would appear that the therapeutic 
window of opportunity for thoracic RT to optimally 
improve survival is early during the chemotherapy. 
There may be reasons to delay the initiation of con-
current thoracic RT in limited situations for patients 
with very large tumors, very limited pulmonary 
function, or postobstructive atelectasis. In all three 
instances, one may spare more normal lung by irradi-
ating the tumors after a favorable response to a few 
cycles of chemotherapy.

Thoracic Radiation Therapy Dose

SCLC is considered a relatively radioresponsive 
malignancy because low doses of thoracic RT, pre-
viously used, produced encouraging responses. 



46  Thoracic Malignancies

Total thoracic RT doses for limited-stage SCLC 
have ranged from 25 to 30 Gy in 10 fractions in 
the 1970s to up to 70 Gy in 35 fractions in recent 
years. Doses in the lower end of this range may have 
been acceptable when chemotherapy was less effec-
tive and disseminated disease occurred earlier in the 
course of disease. Improvements in systemic therapy 
have increased the need for aggressive thoracic RT 
regimens that produce more durable responses. It was 
estimated by Choi and Carey (43) that the risk of 
intrathoracic tumor recurrence at total doses of 40 Gy 
or less was 80%, and this was confirmed in an NCIC 
limited-stage SCLC trial in which patients were ran-
domized between 25 Gy in 10 fractions and 37.5 Gy 
in 15 fractions (44). The 2-year actuarial rates of local 
failure were 80% and 69%, respectively.

The most commonly administered doses of 
thoracic RT range from 45 to 70 Gy in 1.8 to 2.0 Gy 
daily fractions. Although a RT dose-response can be 
well demonstrated for tumor control below 40 Gy, 
it is difficult to conclusively establish an RT dose 
to tumor-control relationship in the range between 
40 and 60 Gy in standard fractionation. Most rand-
omized and nonrandomized trials estimate the local 
tumor control rates in this dose range as between 
58% and 85% (45). A single-institution trial from 
Yale–New Haven Hospital reported a local tumor 
control rate of 96%, with a total RT dose in excess of 
60 Gy (46). The CALGB conducted a phase 1 dose 
escalation of standard fractionation and found that 
a dose higher than 70 Gy was the maximal tolerated 
dose, with the given assumptions with respect to RT 
field definitions and chemotherapy employed (46). A 
subsequent study was performed and found 70 Gy 
tolerable and effective. Eligible patients received two 
cycles of induction paclitaxel and topotecan with 
granulocyte colony stimulating factor support, fol-
lowed by three cycles of carboplatin and etoposide. 
Thoracic RT (70 Gy, 2 Gy/fx/7 weeks) was initiated 
with the first cycle of carboplatin and etoposide. 
Prophylactic cranial irradiation (PCI) was offered to 
patients achieving a complete response or good par-
tial response. There was one treatment-related fatality. 
Nonhematologic grade 3/4 toxicities affecting more 
than 10% of patients, during or after thoracic RT, 
were dysphagia (16%/5%) and febrile neutropenia 
(12%/4%). The median overall survival was 22.4 
months. They concluded that 70 Gy once-daily thor-
acic RT could be delivered safely in the cooperative 
group setting for patients with limited-stage SCLC. 
Initial efficacy data are encouraging. They presented 

the hypothesis that high-dose once-daily thoracic RT 
results in comparable or improved survival compared 
with twice-daily accelerated thoracic RT and war-
rants testing in a phase 3 trial (47).

Altered Fractionation
In addition to increasing the number of daily treat-
ment, another means of intensifying therapy is the 
use of altered radiation fractionation. For limited-
stage SCLC patients, most altered fractionation strat-
egies have employed twice-daily fractionation with 
fraction sizes varying from 1.1 to 1.8 Gy and total 
doses ranging from 40 to 54 Gy. Most regimens have 
tested the principle of accelerated hyperfractionation, 
in which a twice-daily regimen allows the delivery 
of a standard total RT dose over a shortened period. 
Such a regimen should benefit patients with rapidly 
growing tumors such as SCLC with a small shoul-
der and a steep slope on its radiobiologic cell survival 
curve.

Several encouraging pilot studies led to the 
development of an Eastern Cooperative Group 
(ECOG)-led phase 3 trial testing the concept that 
accelerated hyperfractionation would improve tumor 
control for limited-stage SCLC patients. The experi-
mental regimen was 45.0 Gy in 1.5 Gy twice daily 
fractions beginning on day 1 of a four-cycle regimen 
of etoposide and cisplatin (EP). The inter-fraction 
interval was 6 to 8 hours and the elapsed treatment 
time was 19 to 21 days. This regimen was piloted by 
Turrisi et al. (48), in 23 patients resulting in a median 
survival time of 25 months and a 5-year survival rate 
of 36%. A subsequent multi-institution phase 2 trial 
of the same regimen conducted by ECOG resulted 
in a 2-year survival rate of 36% (49). These results 
were considered sufficiently promising to launch the 
ECOG-led phase 3 trial (Intergroup Trial 0096) 
in 1988. A total of 419 patients were randomized 
between the thoracic RT regimens of 45.0 Gy in 1.8 
Gy once-daily fractions versus 45.0 Gy in 30–1.5 Gy 
twice daily fractions. Of these, 8 treatments were 
often given with off cord oblique fields to limit the 
spinal cord to 36 Gy. In both arms the thoracic RT 
began on day 1 of a four-cycle course of cisplatin and 
etoposide. There was a significant survival advantage 
for the twice daily thoracic RT patients compared to 
the once daily thoracic RT patients, with 5-year sur-
vival rates of 26% versus 16%, respectively (P = .04). 
The median survival time was 19 months for the 
once-daily RT group and 23 months for the twice-
daily RT group. The intrathoracic tumor failure 
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rate was 36% for the twice-daily RT arm and 52% 
for the once-daily RT arm (P = .06). The principal 
difference in toxicity was a higher rate of grade 3 
esophagitis in the twice-daily RT arm: 27% versus 
11% (P < .001) (50). This study confirms the princi-
ple that an intensification of thoracic RT beyond the 
older standard of relatively low dose once daily RT 
can improve both local control and survival. This 
trial has altered the standard of care of limited-stage 
SCLC patients in the United States. Currently, this 
twice-daily dose-fractionation program is consid-
ered to be the standard by which all other programs 
are compared to.

The North Central Cancer Treatment Group 
(NCCTG) performed a trial (89-20-52) which has 
been misinterpreted as contradicting the findings 
of the Intergroup Trial 0096. The findings of these 
studies provide complimentary information regard-
ing twice daily thoracic RT. This NCCTG trial 
included 310 patients with limited-stage SCLC ini-
tially treated with 3 cycles of EP (51). Subsequently, 
the 261 patients without significant progression were 
randomized to 2 cycles of EP plus either once daily 
thoracic RT (50.4Gy/28 fractions) or split-course 
twice daily RT (24 Gy/16 fractions followed by a 2.5 
week break and then an additional 24 Gy/16 frac-
tions). Patients then received a 6th cycle of EP fol-
lowed by prophylactic cranial irradiation. The median 
and 5-year survival rates from randomization, were 
20.6 months and 21% for patients who received 
once-daily RT compared to 20.6 months and 22% 
for those who received twice-daily RT(P = .68). There 
were no significant differences in the rates of intratho-
racic failure or distant failure between the treatment 
arms. There was no significant difference in the over-
all rates of grade 3 or greater (3+) or grade 4+ toxicity. 
Grade 3+esophagitis (P = .05) was more common in 
the BID arm as was grade 5 toxicity which occurred 
in 4/130 (3%) patients who received twice-daily RT 
compared to 0/131 (0%) who received once-daily RT 
(P = .04). The findings of these two randomized pro-
spective studies comparing once-daily to twice-daily 
thoracic RT for limited-stage SCLC lead to the con-
clusion that continuous course twice-daily RT is bet-
ter than once-daily RT, but split course twice-daily 
RT is not. This finding has precedence and is identical 
to the findings regarding twice-daily RT in head and 
neck cancer. The RTOG conducted a phase 3 rand-
omized trial (RTOG 9003), in patients with locally 
advanced squamous cell carcinomas of the head and 
neck, which compared various RT regimens. Patients 

treated in the continuously administered twice-daily 
RT arms had better local-regional control than those 
treated with split course twice-daily or standard 
once-daily RT arms. This study also found that while 
continuously administered twice-daily RT was better 
than once-daily RT, split course twice-daily RT was 
not (52).

There has also been investigation of higher doses 
of twice-daily thoracic RT in an attempt to further 
improve outcome. NCCTG 95-20-53 was a phase 2 
trial that included 6 cycles of cisplatin and etoposide 
(PE) (53). PCI (25 Gy/10 fractions) was delivered 
during cycle 3 to responding patients. Cycles 4 and 5 
included concurrent chemotherapy and thoracic RT 
(30 Gy/20 twice-daily fractions followed by a 2-week 
break, and another 30 Gy/20 twice daily fractions). 
The 5-year survival rate of the 76 evaluable patients 
was 24% (median: 20 months). The 5-year survival 
rate of the 64 patients who received thoracic RT was 
29% (median: 22 months). The 5-year cumulative 
incidence of in-field failure was 34%. This regimen 
included a high total dose of twice-daily thoracic RT, 
which resulted in a favorable 5-year survival rate. 
Local failure remains a problem that will require fur-
ther investigation. Newer technology should allow 
the safe administration of greater doses of RT, which 
will improve patient outcome. Schild et al. (53) eval-
uated data from this trial (NCCTG 95-20-53) and 
others to demonstrate a relationship between RT 
dose fractionation and 5-year survival.

Thoracic RT decreases the tumor burden within 
the chest resulting in enhanced local control and 
 survival. In spite of the addition of thoracic RT to 
chemotherapy, local failures occur in approximately 
one-third of patients treated with the currently 
accepted optimal therapy. Long-term survival occurs 
in about one-quarter of patients so treated. These 
results indicate the need for improved treatment 
strategies to combat this disease. In all situations in 
which RT affects a response, there exists a dose-re-
sponse relationship much in the same way that drugs 
affect a physiologic outcome. Local control and sub-
sequent survival are associated with both the timing 
of RT and dose-fractionation parameters.

When attempting to improve therapy, the goal 
should be obtain the longest possible patient survival 
with the least toxicity. Altering the fractionation pat-
tern is one method used to improve the therapeutic 
index of RT. Some of the parameters used to develop 
a fractionation pattern include overall time, total 
dose, and fraction size. These factors can be adjusted 
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for the proliferative nature of the tumor in question 
and the tolerance of the surrounding normal tissues. 
The biologically effective dose (BED)(formula shown 
below) can be used to compare the efficacy of vari-
ous dose-fractionation regimens in providing tumor 
control (see Table 3). The first portion of the formula 
accounts for the efficacy provided by a particular 
fractionation program and the second part accounts 
for the decrease in efficacy related to the overall time 
RT is delivered compared to the potential doubling 
time of the tumor cells (53).

BED = (nd)(1+(d/(α/β ))-(0.693 t /α Tpot)

n = the total number of fractions delivered
d = the dose per fraction (Gy)
α/β = 10 for acute effects and tumor control and 3 
for chronic effects
α = 0.3 Gy
t = total days in which radiotherapy is delivered
Tpot = potential doubling time (5.6 days)

The potential doubling time (Tpot) for SCLC has 
been reported in the radiobiology literature to range 
from 2.6 to 8.6 days. Thus, a break in the RT decreases 
the BED and the efficacy of the regimen because a 
greater overall time of RT allows tumor repopulation 
to occur. The potential relationship between BED of 
thoracic RT and 5-year survival was evaluated for this 
trial and the randomized trials that included various 
thoracic RT programs. Studies selected included only 

phase 3 trials that administered platinum plus etopo-
side concurrently with thoracic RT reported between 
1997 and 2004 (36,50,51,54,55). The Intergroup 
Trial 0096 compared once-daily to twice-daily RT 
and found that the twice-daily RT approach resulted 
in significantly better survival (50). NCCTG trial 
89-20-52 compared once-daily to split-course twice-
daily RT and found similar survival rates for both 
groups (51). The trials reported by Qiao et al. (55) 
and Takada et al. (36) compared sequential to con-
current administration of chemotherapy plus tho-
racic RT and concluded that concurrent therapy was 
superior. The trial of Jeremic et al. (54) compared the 
early versus late administration of twice-daily RT 
and concluded that the early administration of twice-
daily RT was better. For the purposes of the follow-
ing BED analysis, the early RT arm from Jeremic 
et al. was included as were the concurrent therapy 
arms from Qiao et al. (55) and Takada et al. (36). The 
RT regimens and 5-year survival rates derived from 
the 904 patients included in these trials are shown 
in Table 3 (36,50,51, 53–56). Then, the BED of the 
thoracic RT was plotted against the resulting 5-year 
survival reported in these studies (Figure 1). The 
Pearson Correlation Coefficient between BED and 
5-year survival was 0.81 indicating a strong positive 
correlation.

Survival was used in this analysis rather than 
local control because of difficulties in objectively 
comparing local control rates reported in various 
studies. Some studies use chest radiographs and other 

TABLE 3 Dose-fractionation, biologically effective doses (Gy10), and survival for patients with  limited-stage 
small cell lung cancer

   
RT Schedule

      Corrected for 
Proliferation

 

  
Source

   
D (Gy)

 
d (Gy/fx)

No. of 
Fractions

 
t 

No. of 
Patients

 
Gy10

5-Year 
Survival (%)

Schild et al. 95-20-53 bid 60.0 1.5 40 40 64 52.50 29
Intergroup 0096 qd 45.0 1.8 25 33 206 39.49 16
Intergroup 0096 bid 45.0 1.5 30 19 211 43.91 26
NCCTG 89-20-52 qd 50.4 1.8 28 38 130 43.80 21
NCCTG 89-20-52 bid 48.0 1.5 32 38 131 39.53 22
Qiao et al. qd 60.0 2.0 30 40 45 55.50 27
Jeremic et al. bid 54.0 1.5 36 26 52 51.38 30
Takada et al. bid 45.0 1.5 30 19 65 43.91 24

D, total dose of each regimen in Gy; d, dose per fraction; t, total no. of days of the RT regimen.
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CTs to assess local control. PET or rebiopsy is likely 
to be more accurate in determining local control. 
However, survival is an objective endpoint that is dif-
ficult to misjudge.

One can go further in using a spline fit function 
to define a line that runs an average path between 
the various points each weighted by the number of 
patients on that trial. This line may very simplisti-
cally define the relationship between 5-year survival 
and BED. The equation of the line is 5-year survival 
in % = 10+0.76 × BED. The may be helpful to use in 
trying to estimate the probability of 5-year survival 
from a particular RT program used early and concur-
rently with cisplatin and etoposide.

There is at least one other study which found that 
dose-fractionation significantly influences survival 
(50). Komaki et al. (57) also reported that a greater 
BED was associated with survival in a multivariate 
analysis of the MD Anderson experience. CALGB 
and Radiation Therapy Oncology Group (RTOG) 
are leading a national trial (CALGB 30601/RTOG 
0538) comparing the standard arm of 45 Gy/30 frac-
tions twice daily to 70 Gy/35 once-daily fractions and 
61.2 Gy in a mixed once- and twice-daily regimen.

Treatment Volumes and Normal Tissue 
Considerations
The ability of a limited-stage SCLC patient to  tolerate 
increasingly aggressive RT regimens and higher total 
doses during concurrent chemotherapy is in part related 
to RT target volume selection (45). In the early 1980s, 
both CALGB and SWOG authors demonstrated 
poorer survival when patients were not treated with the 
recommended large fields employing elective nodal RT 
(58,59). Mira and Livingston (60) also demonstrated 
tumor failures just beyond the margins of the thoracic 
RT fields when the fields were designed following a 
response to chemotherapy. These reports lent further 
support for the need for generous thoracic RT fields. 
An example of such a field would be that the RT tar-
get volume for a patient with a tumor in the left upper 
lobe with ipsilateral hilar and mediastinal adenopathy 
might include only the tumor itself with a 2.0-cm mar-
gin, both hilar regions, the mediastinum from the tho-
racic inlet to at least the subcarinal region, and both 
supraclavicular regions. Such large fields were in part 
responsible for the acceptance of a moderate total RT 
dose as appropriate for SCLC, since the large volume 
irradiated precluded a substantial increase in dose.
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FigurE 1 Five-year survival vs. biologically effective doses (BED) used in the thoracic radiotherapy 
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There emerged evidence in the 1980s and 1990s 
that defining a smaller radiation target volume did 
not adversely influence tumor control among patients 
receiving concurrent chemotherapy containing cis-
platin. The fields employed in Intergroup Trial 0096 
for such a patient confined the high-dose volume 
to the tumor with a 1.5-cm margin, the ipsilateral 
hilum, and the mediastinum from the thoracic inlet 
to the subcarinal region. The contralateral hilum and 
both supraclavicular regions were excluded, and the 
regions requiring therapy would be treated with a 
reduced margin. These treatment recommendations 
have been widely adopted in subsequent clinical 
trials.

There is growing evidence that using a smaller 
radiation target volume does not adversely influ-
ence tumor control rates, nor are regions just beyond 
the reduced target volume frequent sites of relapse. 
Liengswangwong et al. (61) studied limited-stage 
SCLC patients from the Mayo Clinic and NCCTG 
with intrathoracic recurrence and found all recur-
rences within the thoracic RT high-dose volume, 
regardless of whether patients were irradiated to the 
pre-chemotherapy or post-chemotherapy volume. 
A similar conclusion was made by Kies and  coworkers 
(62) from SWOG, who noted no difference in recur-
rence rate between patients randomized to receive 
wide-field (pre-chemotherapy target volume) or 
reduced-field (post-chemotherapy target volume) 
thoracic RT. Brodin and coworkers from Uppsala 
(63) also found that most (86%) of intrathoracic 
recurrences occurred “in field,” suggesting an inad-
equate dose rather than inadequate fields. All these 
reports support the concept advocated by Lichter and 
Turissi that reductions in target volumes do not com-
promise patient outcome and may allow for higher 
thoracic RT doses to be delivered.

Smaller volumes have the advantage of further 
sparing of the surrounding normal tissues: lung, 
esophagus, heart, spinal cord, and bone marrow. 
Optimal sparing is important and may decrease the 
relatively common severe morbidity from  therapy. We 
compiled the toxicity experienced by the 263 patients 
treated on NCCTG 89-20-52, which included con-
current chemotherapy plus either twice-daily or 
once-daily thoracic RT. The most common toxic-
ity was hematologic; 90% of patients had grade 3 
or greater (3+) hematologic toxicity and 43% had 
grade 4+ hematologic toxicity. Forty-seven percent 
of patients had grade 3 or greater (3+) nonhemato-
logic toxicity and 11% had grade 4+ nonhematologic 

toxicity. Nausea, vomiting, and esophagitis were the 
most common nonhematologic toxicities. Grade 3+ 
Esophagitis was more common (P = .05) with twice-
daily RT (12%) compared with once-daily RT (5%). 
Fatal (grade 5) toxicity occurred in four patients 
(2%) and was due to pneumonitis in three patients 
and infection in one patient (51). Thus, there appear 
to be data suggesting that higher biologically effec-
tive doses of RT increase survival and that smaller 
more precise fields are needed to deliver this more 
safely.

Radiation-induced toxicity is related to dose-
volume parameters. In a classic study, Graham et 
al. (64) reported that the risk of grade 2+ pneumo-
nitis was 0% when the V20 (total lung volume that 
received 20 Gy or more) was <22%, 7% when the 
V20 was 22% to 31%, 13% when the V20 was 32% 
to 40%, and 36% when V20 was >40% . It is gener-
ally accepted that the spinal cord can safely receive 
45–50 Gy in 1.8–2.0 Gy fractions. In most twice-
daily thoracic RT regimens employing 1.5 Gy frac-
tions, the spinal cord is limited to 36–37 Gy with-
out incident (51). When using the Intergroup 0096 
regimen, the oblique off-cord fields can be used for 
the second daily treatment for the last 8–10 treat-
ments. The TD5/5 (toxic dose to 5% of patients in 
5 years) was estimated at 60 Gy for one-third of the 
heart, 45 Gy for two-third of the heart, and 40 Gy 
for the entire heart (65). Esophagitis is related to the 
dose of radiation, volume of esophagus irradiated 
the fractionation schema, and the timing of chemo-
therapy. Of the patients in the Intergroup Trial 0096 
who received twice-daily RT, 32% had grade 3 or 
worse esophagitis compared with 16% for those who 
received once-daily RT (P = .001) (50). This arm of 
the trial included both concurrent chemotherapy plus 
twice daily RT. While esophagitis is uncomfortable, 
can lead to significant dehydration, and the possible 
need for frequent IV hydration or hospitalization, 
these factors should not be used as reasons to deny fit 
patients twice-daily thoracic RT, as their best chance 
for survival may depend on it.

Esophagitis appears related to both the vol-
ume and dose received by the esophagus. Watkins 
described the incidence and identified factors asso-
ciated with development of severe acute esopha-
gitis during hyperfractionated RT with concur-
rent chemotherapy in patients with limited-stage 
SCLC (66). Twice-daily chemoradiotherapy included 
45 Gy at 1.5 Gy per fraction, treated twice daily with 
concurrent platinum-based chemotherapy. Logistic 
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regression analyses were used to identify factors 
associated with esophagitis in the 48 patients evalu-
ated. The median RT dose was 45 Gy delivered with 
four cycles of chemotherapy. RTOG grade 3 acute 
esophagitis developed in 11 patients. No patient 
developed grade 4 or 5 esophagitis. Simple logistic 
regression analyses demonstrated a highly signifi-
cant association between grade 3 acute esophagitis 
and mean esophageal dose (P = .002) as well as rela-
tive volume dosimetric area under curve (RV-AUC; 
P = .004). Using multiple regression analysis, 
RV-AUC was identified as the only factor associ-
ated with grade 3 esophagitis (P = .004). The most 
strongly associated dosimetric volume was the V15 
(grade 3 esophagitis rates of 15% vs. 64% for V15 
<60% vs. >60%, respectively).

The Centers for Medicare & Medicaid Services 
(CMS) recently approved PET scanning at the time 
of initial staging of SCLC. The use of PET/CT will 
allow us to provide smaller, more precisely designed 
tumor coverage that may allow us to further decrease 
toxicity. The value of elective nodal irradiation for 
SCLC is not clearly defined (67).

Chemotherapy

The selection of chemotherapeutic agents to combine 
with thoracic RT for patients with limited SCLC is 
largely based on trials of multiagent regimens used for 
extensive-stage SCLC. The first generation of thera-
pies for extensive disease included alkylating agents 
such as cyclophosphamide. Subsequently the anthra-
cycline, doxorubicin, was added to multiagent regi-
mens with improved results. The currently accepted 
standard chemotherapeutic regimen for both exten-
sive and limited disease in the United States is the 
two-drug regimen of etoposide and cisplatin (EP). 
This regimen was first studied in SCLC in the late 
1970s (68), and its efficacy in extensive disease is 
comparable to the previously used standard of cyclo-
phosphamide, doxorubicin, and vincristine (CAV) 
(69). The wide acceptance of this regimen over CAV 
is mainly due to its more manageable toxicity and 
the ability to stop therapy after four rather than six 
cycles. The concept of alternating cycles of regimens 
such as EP and CAV was conceptually attractive, and 
at least one randomized trial demonstrated a sur-
vival benefit for extensive disease patients with alter-
nating regimens as opposed to either regimen alone 

(70). Despite this, etoposide and cisplatin alone are 

the standard U.S. chemotherapeutic agents for both 
extensive and limited-stage patients.

SWOG was the first group to report a com-
pleted trial of concurrent thoracic RT with etoposide 
and cisplatin for limited disease. This trial reported a 
median survival time of 17.5 months and 4-year sur-
vival rate of 30%, which appeared superior to the pre-
viously reported results with thoracic RT combined 
with CAV and other non–platinum-containing regi-
mens (71). In addition, the pulmonary, cardiac, and 
cutaneous risks of combining EP with thoracic RT 
were believed to be lower than with CAV or other 
anthracycline-containing regimens. In addition, 
promising results were subsequently reported with 
thoracic RT and EP and were confirmed in the pre-
viously discussed Intergroup Trial 0096 (48–50). No 
randomized trial has ever demonstrated the superior-
ity of thoracic RT and EP over any other regimen for 
limited disease. It remains uncertain to what extent 
stage migration contributed to the apparent improve-
ment in survival of limited disease patients from the 
early 1980s to the mid-1990s.

New Agents

A combination of etoposide and cisplatin is most 
commonly used for limited-stage SCLC. A recent 
Japanese trial compared irinotecan and cisplatin ver-
sus etoposide and cisplatin for extensive SCLC. The 
median survival was 12.8 months with irinotecan 
and cisplatin versus 9.4 months with etoposide and 
cisplatin (P = .002) (72). A similarly designed SWOG 
trial S0124 was unable to confirm a survival advan-
tage obtained by irinotecan and cisplatin (73).

Role of Surgery

The use of surgical resection as primary management 
of SCLC was largely abandoned in the 1970s when 
poor survival rates were reported and few complete 
resections were achieved (74). Several indications for 
surgical intervention have been evaluated since that 
time, including the management of patients with 
N0 or N1 lesions, with surgical resection followed 
by chemotherapy or chemoradiation, the resection of 
residual disease following chemotherapy or chemo-
radiation, and the role of surgical salvage of intra-
thoracic recurrences of SCLC. This section briefly 
reviews each of those issues.
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In a report by the VA Surgical Oncology Group 
published in 1982, 5-year survival rates for patients 
with resected T1N0, T1 N1, and T2N0 small cell 
lesions were 60%, 31%, and 28%, respectively (75). 

All of these patients received the chemotherapy avail-
able in the 1970s postoperatively. A SWOG proto-
col enrolled 15 SCLC patients to undergo surgical 
resection followed by chemoradiation and found 
this group to have a better 2-year survival rate than 
a cohort of matched patients treated nonoperatively 
in other SWOG trials (45% vs. 14%) (76). Ichinose 
and colleagues (77) reported on 112 SCLC patients 
who underwent surgical resection and were then 
randomized between two chemotherapy regimens. 
Although the chemotherapy regimens produced 
comparable outcomes, the 3-year survival rates were 
encouraging for all enrolled patients: 65% for N0 
disease, 52% for N1 disease, and 29% for N2 disease. 
Chandra et al. (78) also found a relatively favorable 
5-year survival of 38% in patients with stages I and II 
SCLC who had resections performed. Each of these 
three reports suggests that for the rare SCLC patients 
with N0 or N1 disease, surgical resection followed 
by chemotherapy produces survival results that may 
be superior to nonoperative approaches. The role of 
postoperative thoracic RT in this setting remains 
uncertain. A pattern-of-failure study of patients with 
completely resected SCLC receiving postoperative 
chemotherapy alone would help clarify this issue.

At least four studies have evaluated the role of 
surgical resection of patients with L-SCLC follow-
ing initial chemotherapy. In the three phase 2 tri-
als conducted at Vanderbilt and the University of 
Toronto and on a multi-institutional basis, a post-
 chemotherapy pathologic N0 status or a pathologic 
complete response was associated with long-term 
survival (79–81). A randomized trial was conducted 
by the Lung Cancer Study Group (LCSG) in which 
L-SCLC patients achieving a partial or complete 
response to chemotherapy were randomized between 
resection and no resection (82). There was no survival 
difference between the arms, with a 2-year survival 
rate of 20% in both arms (P = .55). Based on this 
trial and on the proven survival benefit of concurrent 
thoracic RT, adjuvant surgery following chemother-
apy is not recommended.

There is limited information regarding the role 
of surgical resection of intrathoracic recurrences. 
Shepherd and coworkers from the University of 
Toronto reported on 28 limited-stage SCLC patients 
who underwent salvage surgery following either a 

partial response to chemotherapy or subsequent pro-
gressive disease (83). Of these 28 patients 10 had 
NSCLC elements in their specimen. Their 5-year 
survival rate from the date of surgical salvage was 
23%. There is only anecdotal information of surgical 
salvage of patients initially treated with both chemo-
therapy and thoracic RT. While there may be a role 
for resection in patients with stages I or II SCLC, it 
is unclear that surgical intervention would provide a 
benefit when compared with RT for similar volumes/
stages of disease. While it appears that some patients 
may be salvaged after a partial response or local fail-
ure, surgical intervention at that point in care has not 
been widely used. This may be in part to the propen-
sity of SCLC to spread to distant sites.

Prophylactic Cranial Irradiation

Prophylactic cranial irradiation (PCI) was initially 
introduced into practice in the 1960s for patients 
with acute lymphoblastic leukemia who had a high 
risk of failure in the central nervous system (CNS) 
(84). It was first tested for patients with SCLC in the 
1970s following the recognition that brain metas-
tases are frequent. The blood brain barrier prevents 
the penetration of most chemotherapeutic agents 
leaving the brain as a sanctuary site for relapse. The 
first trials demonstrated a substantial reduction in 
brain metastases, with one randomized trial of more 
than 200 patients conducted by ECOG revealing a 
decrease from 22% to 5% (85). Unfortunately, at the 
same time, a number of long-term survivors of SCLC 
were noted to have various neurologic abnormali-
ties, including dementia, and many of these patients 
had received PCI (86,87). The lack of prospective 
evidence linking PCI to these changes as well as the 
uncertainty as to the optimal total PCI dose and 
fractionation and its optimal time of delivery con-
tributed to a lack of enthusiasm for PCI.

Two large randomized trials evaluated both 
the therapeutic benefit and neurotoxicity of PCI for 
SCLC patients following response to initial therapy. 
In two French trials jointly coordinated to run par-
allel (PCI 85 and PCI 88), a total of 505 patients 
were randomized between PCI and no PCI follow-
ing a complete response to chemotherapy (88). Most 
patients received 24.0 Gy in eight 3.0 Gy fractions. 
There was a highly significant reduction in overall 
and isolated brain relapse rates favoring the PCI-
containing arms (40% vs. 59% and 39% vs. 57%, 
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respectively; P < .0001) and a non-significant trend 
toward improved survival at 2 years (31% vs. 27%; 
P = .10). There was a slight increase in clinical asymp-
tomatic imaging abnormalities but no significant 
CNS morbidity reported.

Gregor and associates reported on a 314-patient 
multi-center trial conducted in the United Kingdom 
(UK02) that randomized L-SCLC patients in remis-
sion after completion of chemotherapy between PCI 
and no PCI (89). Forty percent of the PCI patients 
received 30.0 Gy in 10 fractions, and other regi-
mens ranged from 8 Gy in 1 fraction to 36.0 Gy 
in 18 fractions. At 2-year follow-up, a reduction in 
brain relapse was seen for the PCI arm from 52% to 
29% (P = .0002). The advantage was greatest for the 
patients receiving the higher PCI doses, particularly 
36.0 Gy in 18 fractions. There was also a non-signif-
icant trend in overall survival outcome favoring the 
PCI arm (P = .14). Detailed neuro-psychometric test-
ing of both PCI patients and controls failed to dem-
onstrate a substantial treatment-related deficit. There 
was, however, substantial impairment of function in 
up to 40% of patients prior to PCI, suggesting that 
factors other than PCI may contribute to neurologic 
dysfunction among SCLC patients. This may be due 
to the effects of this disease, therapy, and stress.

In addition to thoracic RT, PCI has been shown 
to positively influence survival in patients who 
achieve a complete response (CR). Auperin et al. (90) 
published a meta-analysis that included data from 
seven randomized prospective studies that compared 
PCI to no PCI after a CR was achieved. As in the 
thoracic RT meta-analyses, the 3-year survival rate 
was 5.4% better for those who received PCI at 20.7% 
compared with 15.3% for those who did not receive 
PCI (P = .01). While 5.4% appears small, it does 
reflect a 35% increase in 3-year survivors. A statis-
tically significant PCI dose-response was noted for 
the risk of brain recurrence but not survival rates. 
Neurotoxicity was not evaluated in this analysis.

The European Organization for Research and 
Treatment of Cancer (EORTC) evaluated dose-frac-
tionation patterns in an international phase 3 trial 
(91). Their randomized clinical trial compared the 
effect of standard versus higher PCI doses on the 
incidence of brain metastases. This trial included 
720 patients with limited-stage SCLC in complete 
remission after chemotherapy and thoracic RT. They 
were randomly assigned to a standard (n = 360, 25 
Gy in 10 daily fractions of 2.5 Gy) or higher PCI 
total dose (n = 360, 36 Gy) delivered using either 

conventional (18 daily fractions of 2 Gy) or accel-
erated hyperfractionated (24 fractions in 16 days 
with two daily sessions of 1.5 Gy separated by a 
minimum interval of 6 hours) RT. All of the treat-
ment schedules excluded weekends. The primary 
endpoint was the incidence of brain metastases at 2 
years. After a median follow-up of 39 months (range 
0–89 months), 145 patients had brain metastases: 
82 in the standard-dose group and 63 in the higher-
dose group. There was no significant difference in 
the 2-year incidence of brain metastases between 
the standard PCI dose group and the higher-dose 
group, at 29% and 23%, respectively (P = .18). The 
2-year overall survival was 42% in the standard-dose 
group and 37% in the higher-dose group (P = .05). 
The lower overall survival in the higher-dose group 
is probably due to increased cancer-related mortality: 
189 patients in the standard group versus 218 in the 
higher-dose group died of progressive disease. The 
most common acute toxic events were fatigue (106 
[30%] patients in the standard-dose group vs. 121 
[34%] in the higher-dose group), headache (85 [24%] 
vs. 99 [28%]), and nausea or vomiting (80 [23%] vs. 
101 [28%]). They concluded that while there was a 
significant reduction in the total incidence of brain 
metastases observed after higher-dose PCI, there was 
also a significant increase in mortality. Therefore, 
PCI at 25 Gy in 10 fractions should remain the 
standard of care in L-SCLC (91).

On the basis of the currently available data, it 
is recommended that SCLC patients achieving any 
degree of response to initial therapy should be offered 
PCI appears to significantly improve survival. The 
current standard dose-fractionation pattern is 25 Gy 
per 10 fractions.

T R E ATM E N T A LG O R I T H M/ ■

C O N T ROV E RS I E S/C L I N I C A L T R I A L S

Limited-Stage Disease, Good  
Performance Status

Management of patients with SCLC is dependent 
on patient stage and medical fitness. For patients 
with good performance status and limited-stage dis-
ease (clinical stages I to IIIB, excluding those with 
a malignant pleural effusion), the recommended 
management would be concurrent thoracic RT with 
platinum-based chemotherapy. Specifically, the most 
widely accepted management in the United States 
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includes four cycles of cisplatin and etoposide che-
motherapy with twice-daily thoracic RT beginning 
early (41,42). The twice-daily RT would be delivered 
in 1.5 Gy fractions with an interfraction interval of 
at least 6 hours to a total dose of 45.0 Gy, with 8–10 
of the 30 fractions sparing the spinal cord. This rec-
ommendation is based on the Intergroup Trial 0096 
reported by Turrisi et al. (50 ). Encouraging patients 
to participate in a trial such as the current CALGB/
RTOG trial (CALGB 30601/RTOG 0538) will help 
determine which of three thoracic RT regimens is 
best. For patients with huge tumors, postobstruc-
tive pneumonia, or atelectasis, there may be value in 
delaying initiation of thoracic RT until a later cycle 
of chemotherapy. This may be necessary in some 
cases to allow one to treat less normal lung if the ini-
tial tumor volume would require an excessively larger 
volume of normal lung to be treated. There are rare 
patients who have resection performed before RT. It 
is unknown whether adding thoracic RT improves 
the outcome of patients with completely resected 
SCLC. However, chemotherapy is generally admin-
istered after resection.

Limited-Stage Disease in Special  
Populations: The Elderly and Those  
With a Lower Performance Status

Treatment in fit elderly patients (>70 years of age) 
can be carried out in a manner similar to fit younger 
individuals. NCCTG 89-20-52 (described earlier) 
included 263 patients with L-SCLC and an ECOG 
performance status of <2 who were randomized to 
once-daily thoracic RT or split course twice-daily 
thoracic RT. The outcomes of the 209 (79%) youn-
ger patients (<70 years old) were compared with the 
54 (21%) elderly patients (>70 years old). The over-
all incidence of grade >3 (3+) or grade >4 (4+) tox-
icity was not significantly greater in elderly patients. 
One specific toxicity, grade 4+ pneumonitis occurred 
in 0% of those <70 years compared to 6% of older 
patients (P = .008). Although hematologic toxicity 
was not significantly worse in those >70 years old, 
it was significantly worse in patients >65 years old 
compared with younger individuals (P = .03). Grade 
5 toxicity occurred in 3 out of 54 (5.6%) patients >70 
years old compared to 1 out of 209 (0.5%) younger 
individuals (P = .03). These deaths occurred due to 
pneumonitis in the three elderly patients and infec-
tion in the patient <70 years of age. The 2-year and 

5-year survival rates were 48% and 22% in younger 
patients compared to 33% and 17% in older patients 
(P = .14). Survival was not significantly worse in 
older individuals. Fit elderly patients with L-SCLC 
can receive combined modality therapy, if carefully 
monitored, with a reasonable expectation of 5-year 
survival (92). Data on patients who are 80 years old 
or greater is scarce; therefore, some degree of caution 
in the very oldest patients is warranted.

Patients with lower performance status tolerate 
the aggressive twice-daily thoracic RT and platinum-
based therapy more poorly than those with good per-
formance status. However, there is still a likely bene-
fit to concurrent chemoradiation for these patients, 
particularly if their reduced functional status is pri-
marily due to their tumor burden. One reasonable 
option would be to deliver once-daily thoracic RT 
in 1.8 Gy fractions to 50 to 60 Gy, while sparing 
the spinal cord above 45 Gy. This could be delivered 
beginning with the first or second cycle of platinum-
based chemotherapy. Judgment and flexibility are 
critical in attempting to fine-tune therapy to very old 
(>80 years) or poor performance status patients. It is 
also reasonable to administer sequential therapy for 
patients who could not tolerate the rigors of concur-
rent therapy.

Prophylactic Cranial Irradiation

Prophylactic cranial irradiation should be consid-
ered for all SCLC patients who have achieved any 
degree of response following initial management 
with chemotherapy or chemoradiation and without 
evidence of disease progression elsewhere. 25 Gy in 
10 fractions is considered the most standard regi-
men (91).

Controversies/Clinical Trials

Issues addressed in current clinical trials include 
the benefit of twice-daily thoracic RT (45 Gy/30 
twice daily fractions) versus higher BED thoracic 
RT regimens and the value of new systemic agents 
in the management of limited-stage SCLC. With the 
approval of PET for the initial staging of SCLC, there 
will be improvements in staging and the RT plan-
ning. Improvements in imaging allow one to better 
identify and target tumor while optimally sparing 
adjacent normal tissues.
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The initial management of most patients with newly 
diagnosed extensive-stage disease is four or more 
cycles of platinum-based chemotherapy. A recent 
Japanese trial compared irinotecan and cisplatin 
(IP) versus etoposide and cisplatin (EP) for exten-
sive small cell lung cancer. The median survival was 
12.8 months in the IP group compared with 9.4 
months in the EP group (P = .002). At 2 years, the 
proportion of patients surviving was 19.5% in the IP 
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Pathology and Natural History: Approximately two-thirds of all small cell lung cancer patients have extensive-stage 
disease (1). The anatomy of extensive-stage small cell lung cancer can vary from intrathoracic primary tumor and nodal 
disease which are only not encompassable by reasonable thoracic radiotherapy (RT) fields to extensive extra-thoracic 
metastases. The most common sites of extra-thoracic metastases are the liver, bone, brain, and adrenal glands.
Clinical Behavior, Evaluation, and Staging: The staging and workup for extensive-stage small cell lung cancer 
is identical to limited-stage disease. Most often in the recent past, extensive disease was treated with chemotherapy 
alone. The role of RT was solely for the palliation of symptoms that were not controlled by chemotherapy. While 
RT is still used widely for the palliation of symptoms from this disease, the role of RT has shifted and it is now part 
of frontline therapy for extensive disease. Recent evidence from phase III randomized trials have revealed proven 
survival advantages for both prophylactic cranial irradiation and thoracic RT in properly selected patients (2,3).

group compared with 5.2% in the EP group. Severe 
or life-threatening myelosuppression was more fre-
quent in the EP group, and severe or life-threatening 
diarrhea was more frequent in the IP group. They 
concluded that IP regimen is an effective treatment 
for metastatic small cell lung cancer (4). However, 
these findings were not confirmed in the phase 3 
trial performed by the Southwest Oncology Group 
(SWOG), S0124 (5). The median survival times for 
IP and EP groups were 9.9 and 9.1 months, respec-
tively (P = .71). Again, severe diarrhea was more 
common with the IP group (19% vs. 3%); severe 
neutropenia and thrombocytopenia were higher 
with the EP group (68% vs. 33% and 15% vs. 4%, 
respectively). This large North American trial failed 
to confirm the previously reported survival benefit 
observed with IP in Japanese patients. Both regimens 
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produced comparable efficacy, with less hematologic 
but greater gastrointestinal toxicity with the IP regi-
men. Hanna et al. (6) reported similarly negative 
findings from another large phase 3 trial from the 
United States, Australia, and Canada. Both the EP 
and IP regimens in this study were modified com-
pared with the JCOG regimens to improve delivery 
and reduce toxicity, and to be more consistent with 
dose and schedules given in the United States. As 
such, the combination of cisplatin and etoposide is 
still the regimen most often administered for small 
cell lung cancer. Novel targeted agents are the focus 
of much research, and it is hoped that newer agents 
will improve patient outcomes.

The Role of Non-CNS Radiotherapy for 
Extensive Small Cell Lung Cancer

Radiotherapy (RT) also has important utility for 
extensive-stage small cell lung cancer. One role for 
RT is to palliate bulky intrathoracic disease caus-
ing airway compromise, cough, hemoptysis, post-
 obstructive pneumonia, or superior vena cava syn-
drome. This is often accomplished with a short 
regimen such as the administration of 30 Gy in 
10 fractions to the gross tumor. This will improve 
symptoms in the majority of patients treated.

Although the role of thoracic RT is less clear in 
patients with extensive-stage small cell lung cancer, 
there appears to be a distinct survival benefit to deliv-
ering thoracic RT as part of the initial management 
of carefully selected patients with extensive disease. 
Jeremic et al. (2) reported the results of a randomized 
prospective study that evaluated chemotherapy with 
or without twice-daily thoracic RT in patients with 
extensive-stage small cell lung cancer. Patients ini-
tially received three cycles of carboplatin and etopo-
side. Those patients with a complete response at 
distant sites and a partial response or better in the 
chest were randomly assigned to receive either twice-
daily thoracic RT (54 Gy in 36 fractions) plus con-
current carboplatin and etoposide followed by two 
cycles of the same chemotherapy or four cycles of 
the same chemotherapy without thoracic RT. All 
patients with a complete response at the distant sites 
also received prophylactic cranial irradiation (PCI). 
Patients who received thoracic RT had significantly 
better survival rate than those who did not (median 
survival time = 17 vs. 11 months and 5-year survival 
rate = 9.1% vs. 3.7%, respectively; P = .041). This 

study revealed the positive influence of a relatively 
aggressive course of thoracic RT on the survival of 
carefully selected extensive-stage small cell lung can-
cer patients. It appears that the cohort of patients 
who benefit are those in which the RT encompasses 
all known radiographically detectable residual dis-
ease within the body.

The hypothesis that aggressive RT can be added 
to chemotherapy to more effectively treat extensive-
stage small cell lung cancer was evaluated further in 
a Mayo Clinic trial. Bonner et al. (7) performed a 
trial that explored the use of RT for both the thor-
acic component of disease and metastatic lesions in 
patients with extensive-stage small cell lung cancer. 
This study included an aggressive regimen of seven 
cycles of an alternating six-drug combination. The 
first cycle consisted of cyclophosphamide, doxo-
rubicin, etoposide, vincristine, and lomustine. 
Subsequent cycles used a regimen of doxorubicin 
alternating with cisplatin. PCI and thoracic RT were 
given during the chemotherapy. Prophylactic cra-
nial radiation was delivered in a split-course fash-
ion during the first week of chemotherapy cycles 2 
and 3 (1,700 cGy in 5 daily fractions, each of 340 
cGy, during each week for a total of 3,400 cGy in 10 
fractions). The thoracic radiation was delivered in a 
split-course fashion during the first week of chemo-
therapy cycles 5 and 6 (2,000 cGy in 5 daily frac-
tions, each of 400 cGy, during each week for a total 
of 4,000 cGy in 10 fractions). After the seven cycles, 
patients received 600 cGy upper hemibody radiation 
followed by 800 cGy lower hemibody radiation each 
in a single fraction. Thirteen patients completed the 
initial seven cycles. Of the 20 patients, 2 (10%) had 
fatal hematologic complications after lower hemibody 
radiation. Three (15%) patients had severe peripheral 
neurologic toxicity, two (10%) had severe central ner-
vous system toxicity, and one (5%) had severe cardiac 
toxicity. Of the 20 patients, 9 (45%) achieved a com-
plete response. The median survival time was 11.5 
months and 5-year overall survival rate was 16%.

There are valuable lessons to be learned from 
this data. First, it appeared that this combination 
of treatments was too toxic for further investigation 
of this regimen. The collective hematologic toxicity 
as the result of marrow suppression from six drugs 
combined with the thoracic RT, PCI, and sequential 
upper and lower hemibody RT resulted in 10% (2 of 
20 patients) mortality due to hematologic toxicity. 
Irradiating the entire marrow led to excessive mar-
row suppression, toxicity, and mortality.
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In addition, the regimen of 3,400 cGy in 
340 cGy daily doses of PCI was subsequently found 
to be associated with an unacceptably high risk of 
leukoencephalopathy (8). Also, it appears best to 
administer the PCI after all other therapy because 
concurrent chemotherapy plus PCI further increases 
the risk of leukoencephalopathy.

However, in spite of the toxicity issues, the 
finding that there was a 16% 5-year survival was 
much better than generally reported in trials for 
patients with extensive-stage small cell lung cancer. 
Currently, hemibody RT is not used in many institu-
tions. It appears quite possible that RT to the sites of 
initial disease or areas of residual disease that persist 
after chemotherapy could be helpful, as failures fol-
lowing chemotherapy alone frequently occur in the 
sites of original disease and RT may lower the risk of 
such recurrences. This may be a natural extrapolation 
from the study of Jeremic et al. (2) in that target-
ing all gross disease with RT may benefit patients in 
terms of survival.

The Centers for Medicare and Medicaid 
Services (CMS) recently approved Positron 
Emission Tomography (PET) scanning at the time 
of initial staging of small cell lung cancer. The use 
of PET combined with computed tomography (CT) 
scanning will allow us to better detect all areas of 
tumor within the patient and define target lesions. 
Incorporating PET scans into RT planning can 
be used to generate smaller, more precise tumor 
fields that may allow us to further decrease toxic-
ity while treating all gross disease with radiation. 
Over time there will be further improved imaging 
techniques that will allow physicians to more pre-
cisely locate all sites of disease allowing physicians 
to focally irradiate all sites of disease. This approach 
may spare enough marrow to allow for the relatively 
safe delivery of aggressive multiagent chemother-
apy while irradiating all radiographically detectable 
disease.

One could envision a future device similar in 
design to a tomotherapy unit that incorporates both 
diagnostic CT and PET to localize the disease pre-
cisely. This device could potentially also include 
megavoltage rotational intensity modulated RT 
to allow physicians to irradiate lesions while max-
imally sparing normal tissues. This could detect 
disease and also administer stereotactic body radio-
therapy (SBRT). Thus allowing one to detect and 
treat all known radiographically visible disease with 
 aggressive RT.

The Role of PCI

The administration of PCI is very important for the 
majority patients with extensive-stage small cell lung 
cancer. Slotman et al. (3) conducted a randomized 
trial (EORTC 08993–22993) of PCI in patients 
with extensive small cell lung cancer who had had 
any degree of response to chemotherapy (3). Patients 
between the ages of 18 and 75 years with extensive 
small cell lung cancer were randomly assigned to 
undergo PCI (irradiation group) or receive no fur-
ther therapy (control group). The PCI included either 
20 Gy in 5 or 8 fractions, 24 Gy in 12 fractions, 
25 Gy in 10 fractions, or 30 Gy in 10 or 12 fractions. 
The primary endpoint was the time to symptomatic 
brain metastases. CT or magnetic resonance imaging 
of the brain was performed when any predefined key 
symptom suggestive of brain metastases was present. 
The two groups (each with 143 patients) were well bal-
anced regarding baseline characteristics. Patients in 
the irradiation group had a lower risk of symptomatic 
brain metastases (hazard ratio, 0.27; P < .001). The 
cumulative risk of brain metastases within 1 year was 
14.6% in the irradiation group and 40.4% in the con-
trol group. Irradiation was associated with an increase 
in median overall survival from 5.4 months to 6.7 
months after randomization. The 1-year survival rate 
was 27.1% in the irradiation group and 13.3% in the 
control group (P = .003). Irradiation had side effects 
but did not have a clinically significant effect on global 
health status. The largest mean difference between 
the two arms was observed for fatigue and hair loss, 
which were greater in those who received PCI (9). The 
authors concluded that PCI reduces the incidence of 
symptomatic brain metastases and prolongs overall 
survival (3). They also concluded that PCI should be 
part of standard care for all patients with small cell 
lung cancer who have a favorable response to initial 
chemotherapy, and it should be part of the standard 
treatment in future studies involving these patients. 
While this trial provides a high level of  evidence 
 showing that PCI improves survival, it did not ade-
quately evaluate which of the dose- fractionation regi-
mens was optimal.

The optimal regimen would be the one that 
includes the following desirable characteristics: 
decreases brain metastases, increases survival, takes 
the least time from the patients’ remaining life, 
decreases cost, and causes the least toxicity. An 
international consortium including the EORTC 
and RTOG studied dose-fractionation patterns in 
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an international phase III trial. Le Pechoux (10) 
reported the results of this clinical trial that com-
pared the effect of standard versus higher doses of 
PCI on the subsequent incidence of brain metasta-
ses. This trial included 720 patients with limited-
stage small cell lung cancer in complete remission 
after chemotherapy and thoracic RT. Patients were 
randomly assigned to either standard (n = 360, 25 
Gy in 10 daily fractions of 2.5 Gy) or high-dose PCI 
(n = 360, 36 Gy). The high-dose therapy was deliv-
ered using either conventional (18 daily fractions of 2 
Gy) or accelerated hyperfractionated (24 fractions in 
16 days with 2 daily sessions of 1.5 Gy separated by 
a minimum interval of 6 hours) regimens. All of the 
treatment schedules excluded weekend therapy. The 
primary endpoint was the incidence of brain metas-
tases at 2 years. Analysis was by intention-to-treat. 
After a median follow-up of 39 months (range 0–89 
months), 145 patients had brain metastases; 82 in the 
standard-dose group and 63 in the higher-dose group. 
There was no significant difference in the 2-year inci-
dence of brain metastases between the standard PCI 
dose group and the higher-dose group at 29% and 
23%, respectively (P = .18). The 2-year overall sur-
vival was 42% in the standard-dose group and 37% 
in the higher-dose group (P = .05). The lower overall 
survival in the higher-dose group was probably due 
to increased cancer-related mortality: 189 patients 
in the standard group versus 218 in the higher-dose 
group died of progressive disease. The most common 
acute toxic events were fatigue (106 [30%] patients in 
the standard-dose group vs. 121 [34%] in the high-
er-dose group), headache (85 [24%] vs. 99 [28%]), 
and nausea or vomiting (80 [23%] vs. 101 [28%]). 
They concluded that while there was a significant 
reduction in the total incidence of brain metastases 
observed after higher-dose PCI; there was also a sig-
nificant increase in mortality. Therefore, the authors 
further concluded that PCI at 25 Gy in 10 fractions 
should be the standard of care for small cell lung can-
cer (10). While this trial did not address the effects 
of dose-fractionation for extensive-stage patients, it 
is still the most compelling data available regarding 
the radiation regimen used for PCI for small cell lung 
cancer patients. While the 25 Gy in 10 fraction regi-
men did not meet all the characteristics for the opti-
mal regimen because there was a higher brain failure 
rate associated with its use compared to the higher 
dose regimens. In spite of this, the 25 Gy regimen 
was associated with better survival, decreased patient 
time required, and decreased health care costs. Thus, 

it appears that this regimen has the best data avail-
able supporting its use.

The use of the 25 Gy in 10 fraction regimen is 
also supported by the older toxicity data reported by 
Frytak et al. (8) in a study of the side effects of PCI. 
In this study, Mayo Clinic investigators found that 
only patients who receive PCI developed neurotoxic-
ity. The incidence of neurotoxicity in long-term sur-
vivors (greater than or equal to 1.5 years) with respect 
to PCI total dose was 25% in those who received 
less than or equal to 3,000 cGy, 56% in those who 
received 3,200 cGy, and 36% in those who received 
3,600 cGy. Most of these patients received 10 frac-
tions; therefore, there were contributions to toxicity 
by both the daily and total doses received by the brain. 
In addition, all patients received chemotherapy con-
currently with PCI (11). The risk of leukoencepha-
lopathy appears most prominent if chemotherapy is 
given concurrently with the PCI (12). Fonseca et al. 
performed a retrospective analysis of patients with 
small cell lung cancer who received chemotherapy 
and thoracic radiation therapy. PCI was adminis-
tered to patients who had limited disease or who had 
extensive disease that was subsequently down-staged 
to only residual chest disease after initial treatment. 
The total PCI dose was 3,200 cGy administered in 
16 fractions of 200 cGy, given concurrently with sys-
temic chemotherapy. Leukoencephalopathy devel-
oped in 5 of the 35 patients (14%) who received PCI. 
The most common signs and symptoms of leukoen-
cephalopathy were intellectual changes, memory 
alterations, and motor abnormalities. The mean time 
to onset of symptoms after termination of irradiation 
was 1 year. This study revealed that even with what 
was thought to be a relatively safe regimen of PCI, 
the addition of concurrent chemotherapy appeared 
to increase the risk of developing leukoencepha-
lopathy. Thus, it appears that PCI improves survival 
for patients with either limited or extensive disease. 
However, PCI is best administered after the other 
therapy is complete, as it is safest at that point with 
the least potential risk of leukoencephalopathy or 
exacerbating marrow suppression from chemother-
apy. Twelve percent of the total marrow resides in the 
skull and as such, treatment of the whole brain can 
contribute to blood count problems (13).

Patients with brain metastases at diagnosis 
require cranial RT in their initial management, usu-
ally concurrently with the first or second cycle of 
chemotherapy. The whole-brain RT doses most com-
monly used for brain metastases range from 30.0 Gy 
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in 10 fractions to 37.5 Gy in 15 fractions. The major-
ity of which will receive effective palliation as a result 
of this treatment.

Patients with a very few or solitary brain metas-
tases can be considered for other more aggressive 
treatment options such as radiosurgery. There is very 
little data addressing specialized therapy such as radi-
osurgery for small cell lung cancer patients. Sheehan 
performed a retrospective review of 27 patients with 
47 recurrent small cell lung cancer brain metastases 
who underwent radiosurgery (14). Multivariate 
analyses were used to determine significant prognos-
tic factors influencing survival. The overall median 
survival was 18 months after the diagnosis of brain 
metastases. In multivariate analyses, factors sig-
nificantly affecting survival included tumor volume 
(P = .0042), preoperative Karnofsky Performance 
Scale score (P = .0035), and time between initial lung 
cancer diagnosis and development of brain metas-
tasis (P = .0127). Postradiosurgical imaging of the 
brain metastases revealed that 62% decreased, 19% 
remained stable, and 19% eventually increased in 
size. One patient later underwent a craniotomy and 
tumor resection for a tumor refractory to radiosur-
gery and radiation therapy. New brain metastases 
were demonstrating on follow-up imaging in three 
patients. They concluded that radiosurgery for recur-
rent small cell lung carcinoma metastases provided 
effective local tumor control in the majority of 
patients. Early detection of brain metastases, aggres-
sive treatment of systemic disease, and a therapeutic 
strategy including radiosurgery may be able to extend 
survival for carefully selected individuals. Thus, there 
may be a role for more aggressive treatments of brain 
metastases in selected patients with small cell lung 
cancer. The role of chemotherapy is clear in extensive 
small cell lung cancer. However, while chemotherapy 
is also able to cause responses in brain metastases, RT 
is the standard therapy for brain metastases due to 
small cell lung cancer (15).

One particular subgroup of extensive stage 
small cell lung cancer patients are those with radio-
graphically detectable disease limited to the chest 
and the brain only. This group may benefit from the 
use of chemotherapy, whole-brain RT, and thoracic 
RT. Kochhar et al. (16) identified 30 such patients 
who initially received cisplatin-based chemotherapy 
and concomitant whole-brain RT consisting of 36 to 
48 Gy. Subsequently, 22 patients also received tho-
racic RT. The median survival of the entire group 
was 14 months. The results of this study suggested 

that the outcome of extensive-disease patients with 
the brain as the sole site of distant metastases at ini-
tial diagnosis appeared similar to limited-disease 
patients. Of this cohort, patients who received tho-
racic RT tended to have a longer median survival 
(16 months) than those who did not receive thoracic 
RT or who received it at the time of local disease 
progression (12 months) (P = .3). This concept of 
treating extensive disease with chemotherapy and 
irradiating all known gross diseases was probably the 
reason for favorable results in the study of Kochhar 
et al. and the extraordinary 16% 5-year survival rate 
achieved in the Mayo Trial reported by Bonner et al. 
(7). Currently at least one cooperative cancer study 
group is planning a trial exploring this concept.

Sites of metastatic involvement may also require 
palliative RT for effective symptom management. 
These include painful or weight-bearing bony lesions, 
symptomatic adrenal metastases, or soft tissue 
masses. Lesions causing any debilitating symptoms 
can be considered for palliative RT. Since small cell 
lung cancer is frequently a chemotherapy-responsive 
disease, there is a greater tendency to rely on chemo-
therapy in the palliative management of metastases 
than for other solid tumors. It is important to recog-
nize the potential benefits of properly integrating RT 
with chemotherapy.

Superior vena cava syndrome may also develop 
in patients with small cell lung cancer. This appears 
more frequent with this tumor histology than others 
due to a propensity to develop large bulky medias-
tinal adenopathy. Chan et al. (19) reported on 76 
consecutive patients who had small cell lung cancer 
with superior vena cava syndrome. Their first ana-
lysis concerned a group of 50 patients who had super-
ior vena cava syndrome at initial presentation. The 
second analysis concerned a group who had superior 
vena cava syndrome as a manifestation of persistent 
or recurrent disease. In the first analysis, 93% had 
significant improvement in symptoms of superior 
vena cava syndrome after chemotherapy compared 
with 94% after mediastinal radiation. In addition, 
a favorable response was almost universal despite a 
wide range of radiation fractionation patterns and 
total doses administered. Seventy percent remained 
free of superior vena cava syndrome before death. 
Thirty percent developed recurrence of superior 
vena cava syndrome symptoms from 1 to 16 months 
(median: 8) after beginning initial treatment. Those 
who received combined chemotherapy and radiation 
had a longer time to recurrence of superior vena 
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cava syndrome (P = .018) compared with those who 
received chemotherapy alone. Stage was strongly pre-
dictive of survival (P < .001). The early mortality from 
superior vena cava syndrome was 2%. In the second 
analysis of recurrent or persistent superior vena cava, 
85% had previously been treated with chemotherapy 
alone. The response rate in the analyzable patients 
(n = 39) was 77%. There was no significant difference 
in the response rate of superior vena cava syndrome 
to treatment comparing patients treated by chemo-
therapy first or mediastinal radiation first (P = 653). 
Eighty-three percent (25 of 30) of those whose super-
ior vena cava syndrome responded remained free of 
superior vena cava syndrome before death, with a 
median survival of 3 months after recurrent or per-
sistent disease was documented. Chemotherapy or 
mediastinal radiation therapy is very effective as ini-
tial treatment in small cell lung cancer patients with 
superior vena cava syndrome at presentation and at 
recurrent or persistent disease. They also concluded 
that there is no obvious need to use large radiation 
fraction sizes for the first few radiation treatment as 
was previously believed. In patients with recurrent or 
persistent small cell lung cancer with superior vena 
cava syndrome, especially in those who previously 
received chemotherapy only, incorporating medias-
tinal radiation resulted in more durable palliation 
than achieved with chemotherapy alone. This study 
also debunked the myth that RT needs to begin 
emergently within hours. It is preferable to begin 
chemotherapy quickly, and use adequate time for 
optimal RT treatment planning. This will decrease 
the normal tissues within the fields and ensure that 
the entire tumor is irradiated. In addition, since tox-
icity is related to the volume of normal tissue irradi-
ated, it affords one the time needed to better plan out 
the RT and, thus, better spare normal tissues. The 
RT resulted in longer response/disease control in the 
chest.

Management of Recurrent Small  
Cell Lung Cancer

The prognosis of any patient suffering a recurrence of 
small cell lung cancer is grave, regardless of the site 
of relapse. Although there are responses noted to sec-
ond-line chemotherapy, these responses are usually 
short-lived and often precede rapid tumor progres-
sion. Palliative or salvage radiation or re-irradiation 
can be of substantial benefit to such patients, with a 

higher likelihood of palliative benefit than observed 
with most other solid tumors. This is also true of 
patients who have brain metastases that have recurred 
following either PCI or therapeutic RT. Re-treatment 
for persistent or recurrent brain metastases is likely 
to be of palliative benefit and to extend survival to a 
modest degree (18).

Algorithms

Initial management of extensive-stage disease 
involves primary chemotherapy, with RT being 
reserved for brain metastases, bulky and symptom-
atic intrathoracic disease, and symptomatic bony or 
visceral metastatic sites. In addition, patients with a 
good performance status and a complete response of 
metastatic disease outside of the chest and at least 
stable disease in the chest following chemotherapy 
appear to benefit from the addition of thoracic RT to 
chemotherapy. This was shown to improve survival 
in the phase III trial of Jeremic et al. (2).

PCI should be considered for any small cell 
lung cancer patient who has achieved any degree of 
a favorable response following initial management 
with chemotherapy or chemoradiation and without 
evidence of disease progression. PCI is probably best 
given following all other therapy.
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I N T RO D U C T I O N ■

Palliative or symptom modifying therapies should 
begin at diagnosis when treatment or disease modi-
fying therapies are delivered (1). Satisfactory pallia-
tion provides patients with anticancer therapy, pain 

Radiotherapy for the Palliation of Lung Cancer

Yolanda I. Garces*
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A B S T R AC T ■

Natural History: The natural history of lung cancer has been described in the other chapters. Because lung cancer 
can commonly affect a variety of organs, radiotherapy (RT) can be used to alleviate many of the symptoms caused 
when lung cancer spreads to these organs (e.g., chest, liver, bone, brain).
Initial Evaluation of Patients: The staging and workup of patients with the localized disease often times unex-
pectedly finds metastatic disease. Previous chapters have detailed the staging and workup of patients at diagnosis. 
If metastatic disease is suspected either at initial diagnosis or during subsequent follow-up, it is important that a 
metastatic focus be biopsied to document similar histology and the extent of disease. This is especially true when 
only a single site or a limited number of sites of disease (oligometastatic) are found.
Therapy: RT doses for palliation can vary from a single fraction of 800 to 2,400 cGy up to 5,040 cGy in 28 frac-
tions. Techniques are varied and can include simple opposed or en face fields or the more complex (e.g., stereotactic 
radiosurgery [SRS], stereotactic body radiotherapy [SBRT], or intensity modulated radiation therapy [IMRT]). 
This chapter will outline the role of RT in palliation of lung cancer patients. RT and radiation oncologists play an 
important role in the palliation of patients with lung cancer. A large percentage of lung cancer patients receive radia-
tion therapy for palliation. RT can palliate many symptoms and disease processes such as chest symptoms, dyspnea, 
skeletal pain, brain metastases, and bone.

and/or symptom relief, a sense of control, less bur-
den and strengthens relationships between patients 
and their caregivers including their physicians (2). 
Radiotherapy (RT) and radiation oncologists play in 
important role in the palliation of patients with lung 
cancer.

The majority of lung cancer patients are found 
to have metastatic disease at diagnosis. Regrettably, 
a large majority of patients who present with local-
ized non–small cell lung cancer (NSCLC) or 
small cell lung cancer (SCLC) ultimately present 
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with recurrent or metastatic disease. RT is used in 
approximately 55% of patients either at initial diag-
nosis or at the time of relapse (3). RT can be used for 
numerous indications and can effectively palliate a 
variety of symptoms including hemoptysis, dyspnea, 
and pain. It can also be used to alleviate symptoms 
from brain or bone metastases including spinal cord 
compression. The focus of this chapter is on pallia-
tion with RT. While equally important, this chapter 
will not focus on palliation by other means includ-
ing chemotherapy (pain management) and other 
non-radiotherapeutic ablative (4) or bronchoscopic 
techniques (5). Furthermore, palliation of fatigue, 
anorexia, weight loss, or quality of life implications 
and caregiver support will not be reviewed in this 
chapter. Effective palliation often requires a multi-
disciplinary approach and starts at diagnosis of lung 
cancer (2).

R A D I AT I O N T H E R A P Y F O R  ■

PA L L I AT I O N

Palliation of Symptomatic Disease

Overview
RT can be used to effectively palliate a variety of 
symptomatic sites. This can be seen in treating 
symptomatic chest disease (e.g., cough, hemoptysis, 
and chest pain) as well as bone pain and dyspnea. 
Numerous studies have been conducted in patients 
with lung cancer, and specific studies will be high-
lighted in the subsequent paragraphs to elucidate the 
role that RT has in treatment of patients with symp-
tomatic chest disease.

Symptomatic Chest Disease
Countless studies have been conducted on palliation 
of lung cancer symptoms. These studies have also 
been the subject of numerous summaries, meta-anal-
yses, and Cochrane reviews (6–8). No randomized 
trials comparing RT to supportive care have been 
conducted for stage IV disease. It is well known that 
the symptoms patients experience are subjective and 
that physicians tend to underestimate their patient’s 
symptoms. Furthermore, medications may alter the 
symptoms that are being treated. For example, a trial 
assessing cough and dyspnea may be confounded 
by the use of narcotic medications that are used to 
treat pain, which will also improve cough and dysp-
nea symptoms. Finally, many studies that have been 

reported use a variety of different measures, defini-
tions, and endpoints. All of the above make the com-
parison of different trials challenging (6,8). However, 
meta-analyses have been conducted.

Fairchild et al. (6) conducted a systematic review 
of randomized trial of thoracic RT (TRT) to assess 
high-dose versus low-dose radiation regimens. Not 
only did the authors want to review the impact of 
TRT on a variety of symptoms but also wanted to 
determine if they had any impact on overall survival. 
Unique to this review, as compared to those that pre-
ceded it, is that the biological equivalent dose (BED 
Gy10) was used to analyze the 13 trials as listed in 
Table 1.

As expected, the trials included in the system-
atic review used a variety of definitions of com-
plete or partial response. Furthermore, the time 
point of assessments and the individual making the 
assessments (physician vs. patients’ self-report) var-
ied from trial to trial among those that recorded 
those particular symptoms. Despite these differ-
ences, symptoms were palliated for the vast major-
ity of patients (hemoptysis [80.2%–81.2%], cough 
[48.2%–53.3%], and chest pain [64.8%–63.8%]) 
(6). No differences between the high-dose versus 
the low-dose arms were noted among the individ-
ual symptoms. However, overall symptom burden 
was reduced with the higher-dose arm as shown in 
Figure 1. In addition, the review found a statistic-
ally significant improvement in survival at 1 year 
for those randomized to the high-dose arm with a 
35 Gy10 BED (which corresponds to 3,000 cGy in 
10 fractions) as compared to the lower-dose arms. 
At 1 year, 26.5% versus 21.7% of the patients on 
the high-dose versus the low-dose arm were alive, 
respectively (P = .002; see Figure 2). There was a 
trend for a higher rate of dysphagia in the high-
dose arms, and the survival difference was absent 
between the low-dose and high-dose arms at 2 
years (6).

This meta-analysis in combination with other 
literature supports the use of TRT for relief of symp-
tomatic chest disease to reduce overall symptom bur-
den. We recommend the use of a high Gy10 BED 
dose equivalent (e.g., 3,000 cGy in 10 fractions) for 
those patients with a good performance status. For 
those patients with a poor performance status or lim-
ited life expectancy, one could use either 2,000 cGy 
in 5 fractions (9) or 1,700 cGy in 2 fractions (sepa-
rated by 1 week) (10). See Table 2 for possible dose/
fractionation recommendations.
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TABLE 1 Dose/fractionation schema from Fairchild meta-analysis

 
 
 
Trial

 Lower-Dose Arm Higher-Dose Arm

Year
Patient 
(No.) Gy

Fractions 
(No.)

 
Duration

BED 
(Gy10)

 
Gy

Fractions 
(No.)

 
Duration

BED 
(Gy10)

Simpson et al.a 1985 409 30 10 2 weeks 35.0 40 8 4 weeks 45.0
Teo et al. 1988 291 31.2 4 4 weeks 43.7 45 18 4.5 weeks 42.8
MRC 1991 1991 374 17 2 8 days 30.7 30 10 2 weeksb 35.0
MRC 1992 1992 235 10 1 1 day 24.8 17 2 8 days 30 7
Abratt et al.c 1995 84 35 10 2.5 weeks 40.1 45 15 4 weeks 45.0
MRC 1996 1996 509 17 2 8 days 30.7 39 13 2.5d 42.8
Rees et al. 1997 216 17 2 8 days 30.7 22.5 5 1 week 34.2
Nestle et al.e 2000 152 32 16 bid 10 days 36.0 60 30 6 weeks 45.9
Bezjak et al. 2002 230 10 1 1 day 24.8 20 5 1 week 29.6
Sundstrom et al.a 2004 421 17 2 8 days 30 7 50 25 5 weeks 39.4

Erridge et al. 2008 149 10 1 1 day 24.8 30 10 2 weeks 35.0
Kramer et aI 2005 303 16 2 8 daysf 28.0 30 10 2 weeksf 35.0
Senkus-Konefka  
 et al.

2005 100 16 2 8 days 28.0 20 5 1 week 29.6

a Intermediate dose arm omitted; higher-dose arm was split course delivered 4 days/week with a 2-week break.
b Alternate schedule of 27 Gy in 6 fractions.
c Delivered 4 days/week.
d Alternate schedule of 36 Gy in 12 fractions.
e Interfraction interval ≥ 6 hours.
f Delivered 4 or 5 days/week.

Source: From Ref. 6. Reprinted with permission. ©2008 American Society of Clinical Oncology. All rights reserved.

TABLE 2 Symptom, dose, and palliative radiotherapy goal

Symptom Radiotherapy Dose (cGy) Number of fractionsa Palliative Goal

Chest disease 3,000
4,500

10
15

Overall symptom burden and improved one 
year survival over lower dose regimens

1,700 2a Overall symptom burden for poor performance 
status patients

Skeletal pain 800
2,000b

1
5b

Pain relief in approximately 80% with complete 
response in 33%

3,000 10 As above; used for patients where re-treatment 
would preferably be avoided

Dyspneac 3,000 10 Relief of dyspnea (see Chest disease)

aFractions separated by 1 week.
b2,000 cGy/5 fractions preferred over 800 cGy in 1 fraction for neuropathic pain (11).
cThorough examination to determine etiology as dyspnea is often multifactorial.
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Review: Non–small-cell lung cancer (version 03)
Comparison: 01 Lower- vs. higher-dose radiotherapy (assessable)
Outcome: 05 Overall symptom burden

Study or
Subcategory

Complete response

Teo et al.

Abratt et al.

Erridge et al.

Subtotal (95% Cl)

Total events: 33 (lower dose), 51 (higher dose)
Test for heterogeneity: χ2

3 = 5.83, P = .12, I2 = 48.5%
Test for overall effect: Z = 1.44, P = .15

Simpson et al.

0/128

6/43

3/64

330 315

Any improvement

Teo et al.

Abratt et al.

Erridge et al.

Subtotal (95% Cl)

Simpson et al.

330 315

24/95

1/109

8/41

14/62

28/103 68.63

1.70

17.86

11.82

100.00

29.02

23.82

16.42

30.75

100.00

0.1

Favors higher dose Favors lower dose

0.2 0.5 1 2 5 10

0.93

0.28

0.72

0.21

0.58

0.96

0.76

0.89

0.83

0.96

0.58–1.48

0.01–6.91

0.27–1.88

0.06–0.69

0.28–1.21

0.81–1.13

0.62–0.93

0.68–1.17

0.71–0.97

0.78–0.95

Lower Dose
(n/N)

Higher Dose
(n/N)

RR (random)
95% Cl 95% Cl

RR
(Random)

Weight
(%)

69/95
69/128

29/43
49/64

78/103
77/109

31/41

57/62

Total events: 216 (lower dose), 243 (higher dose)
Test for heterogeneity: χ2

3 = 3.30, P = .35, I2 = 9.2%
Test for overall effect Z = 3.00, P = .003

FigurE 1 Overall symptom burden (total symptom score). From Ref. 6. Reprinted with permission. ©2008 
American Society of Clinical Oncology. All rights reserved.

Review: Non-small-cell lung cancer (version 03)
Comparison: 03 Lower- vs higher-dose radiotherapy: survival
Outcome: 01 1-year survival

Teo et al.

MRC 1991 et al.

MRC 1992 et al.

MRC 1996 et al.

Rees et al.

Nestle et al.

Bezjak et al.

Sundstrom et al.

Abratt et al.

Simpson et al. 30/136

25/153

37/187

11/118

17/43

79/255

20/111

26/73

20/116

42/146

14/74

17/156

12/45

41/136 9.00
6.50
9.78

2.84
4.97

24.53

5.17
8.52
5.97

11.71
4.21

4.95

1.85

100.00

0.73
0.75
0.86

0.68
1.08

0.86

0.82
0.94
0.63

0.89
0.67

0.55

2.44

0.83

0.49–1.10
0.47–1.21
0.58–1.27

0.33–1.41
0.63–1.87

0.68–1.11

0.48–1.41
0.62–1.42
0.38–1.04

0.62–1.27
0.37–1.21

0.32–0.95

1.00–6.00

0.73–0.93

30/138

43/187

16/117

15/41

91/254

23/105

30/79

31/114

42/130

21/74

31/156

6/55

Erridge et al.

Kramer et al.

Senkus-Koneka et al.

Total (95% Cl) 1,613 1,586

0.1

Favors higher dose Favors lower dose

0.2 0.5 1 2 5 10

Total events: 350 (lower dose), 420 (higher dose)
Test for heterogeneity: χ2

12 = 11.75, P = .47, I2 = 0%
Test for overall effect Z = 3.06, P = .002

FigurE 2 Overall survival at 1 year. From Ref. 6. Reprinted with permission. ©2008 American Society of 
Clinical Oncology. All rights reserved.
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Skeletal Pain

The most common indication for palliative RT is 
skeletal metastases followed by brain metastases and 
nonbony thoracic disease (12). If skeletal metastases 
are found in weight-bearing bones, then one should 
consider surgical intervention to prevent pathologic 
fracture in selected cases. RT is commonly admin-
istered following surgical intervention (13). Few 
randomized studies of pharmacologic therapies or 
even other treatment modalities (e.g., radiofrequency 
ablation or cryoablation) versus RT for the treat-
ment of skeletal metastases have been conducted. 
A recent phase 3 randomized trial run through the 
North Central Cancer Treatment Group (NCCTG) 
of cryoablation versus RT closed due to lack of ade-
quate accrual (NCCTG N06C6; ClinicalTrials.gov 
Identifier NCT00540969). The RT arm used an 
800 cGy in a single-fraction approach for patients 
with skeletal metastasis, which has not been widely 
adapted and may have been one of the factors lead-
ing to the poor accrual. Adjuvants including pain 
management (14) and bisphosphonates (15,16) have 
improved outcomes and reduced skeletal-related 
events for patients with bone metastases and should 
also be considered. The following paragraphs will 
focus on RT including radionuclides for treatment of 
lung cancer patients with skeletal metastases.

Systemic radionuclides or radiopharmaceu-
ticals can be used for patients with skeletal metas-
tases. Strontium-89, rhenium-186, or samarium-153 
ethylene diamine tetramethylene phosphonate 
(153Sm-EDTMP) are the more common radionu-
clides and can be used for patients who have wide-
spread bony pain from osteoblastic disease that can-
not be incorporated into a tolerable radiation plan. 
These studies included a small percentage of lung 
cancer patients (17). Alternatively, radionuclides can 
be recommended for patients who have widespread 
pain that recurs despite localized RT or does not 
respond to pain management. Platelet and white 
blood cell counts can be affected, which could limit 
future chemotherapy options; however, patients typi-
cally recover by 12 weeks (18). A novel study recently 
reported on the use of intravertebral injection of 
153Sm-EDTMP with cement (vertebroplasty) for 
treatment of bone metastases (19). Treatment with 
radionuclides provides patients with response rates 
that are similar to external beam RT.

A recent meta-analysis (20) updated the 2003 
(21,22) meta-analyses that studied single fraction 

(SF) and multifraction (MF) RT for the treatment of 
bone metastases. This meta-analysis was conducted 
because despite the first meta-analyses showing no 
difference between the SF and MF groups, physi-
cians were reluctant to adopt SF treatments, and ran-
domized trials of SF versus MF continued to accrue. 
This recent meta-analysis reviewed 16 randomized 
trials reported from 1986 to 2005 and included 4,726 
patients who had SF as compared with MF RT for 
relief of skeletal pain in patients with metastatic dis-
ease (20). The majority of the patients on these tri-
als were lung cancer patients. This study showed 
that there was no difference in overall response rates 
between the SF and MF course with approximately 
60% of patients achieving relief; nearly one-quarter 
of who experienced complete pain relief. The patients 
who received SF radiation (20%) were more likely to 
receive re-treatment within 6 months of their initial 
treatment as compared with the MF patients (8.0%), 
(P < .00001) (20). The re-treatment may represent the 
willingness of radiation oncologists to re-treat when a 
low dose was used initially, as approximately 40% of 
patients do not achieve a response. A concern, though 
not statistically significant, was noted for the SF 
patients to experience pathologic fraction at a slightly 
greater percentage than the MF patients (3.2% vs. 
2.8%, respectively; P = .75) (20). We recommend 
800 cGy in a single fraction for patients whose prog-
nosis is guarded or for those anxious to get back on 
chemotherapy. Certainly, a single fraction of RT is 
more convenient and can provide effective pain relief. 
Multiple fractions can be used for patients who have 
already shown their cancer to be more indolent, where 
re-mineralization of bone is desired, or who are con-
cerned about re-treatment; we favor 2,000 cGy in 5 
fractions while 3,000 cGy in 10 fractions is certainly 
widely used as well. See Table 2.

Dyspnea
Shortness of breath or the sensation of difficulty 
or uncomfortable breathing can be a very distress-
ing symptom (23). Approximately 15% of patients 
experience this symptom at diagnosis and another 
65% will experience dyspnea at some point during 
their lung cancer experience (24). Dyspnea requires 
a thorough medical evaluation, as it can have many 
etiologies and can often times be multifactorial. 
Many patients have preexisting cardiac or lung dis-
ease (e.g., heart failure or chronic obstructive pulmo-
nary disease). Others will have direct involvement of 
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lung cancer in the airway or indirectly by means of a 
pleural effusion or postobstructive pneumonia. Yet, 
others will have their dyspnea as a result of the cancer 
treatment itself (e.g., treatment related pneumonitis 
or chemotherapy toxicity resulting in lung damage 
and/or anemia) (24).

Treatment of dyspnea can involve nonpharma-
cologic therapies such as breathing control or paced 
breathing or even assisting with environmental situa-
tions (e.g., providing a cool and open room). Oxygen 
can be prescribed. There are also pharmacologic ther-
apies that include the following: bronchodilators or 
corticosteroids, systemic corticosteroids, analgesics, 
anxiolytics/antidepressants, or opioid treatments. 
Furthermore, a variety of bronchoscopic techniques 
exist as well, which are beyond the scope of this chap-
ter (5,25). Once the etiology has been determined, 
nonpharmacologic and pharmacologic therapies have 
been optimized, then patients with dyspnea can be 
offered brachytherapy or external beam RT.

Brachytherapy is a treatment alternative for 
select patients with endobronchial disease; however, 
a recent systematic review concluded that external 
RT is a better option than brachytherapy for pallia-
tion (26). The authors also concluded that additional 
randomized controlled clinical trials of brachyther-
apy as a boost following RT should be conducted. 
Brachytherapy involves the placement of radioactive 
seeds into an intraluminal location (e.g., trachea or 
bronchi). This can be accomplished by low-dose rate 
implant in which a patient is hospitalized to undergo 
RT, or it can be administered with remote afterload-
ing high-dose rate implant, which can be done even 
as an outpatient. The technology for brachytherapy 
is rapidly improving and now includes computed 
tomography-based planning. Brachytherapy is per-
formed together with a pulmonologist and is often 
delivered in combination with other therapies (e.g., 
maximal mechanical or laser debulking). It is diffi-
cult to treat extrinsic compression with this modality, 
as brachytherapy can only penetrate a short distance. 
Furthermore, the proximity to blood vessels, diffi-
cult locations, and prior RT can make brachyther-
apy a challenging and sometimes risky undertaking 
(26). Brachytherapy should be delivered by a well-
 experienced team of physicians for carefully selected 
patients. It is not commonly performed.

External beam RT can often be the cause of 
dyspnea, but paradoxically, it can also be a treat-
ment for dyspnea. Again, a thorough evaluation of 
the etiology of the dyspnea should take place, and 

nonpharmacologic and pharmacologic therapies as 
well as invasive bronchoscopic techniques should 
be used if indicated. If these prove to be unsuc-
cessful, then external beam RT can provide relief. 
Performance status, extent of disease, and prognosis 
would help determine the dose of radiation, but typi-
cally, doses used for symptomatic relief of chest dis-
ease (as described above) could be used for dyspnea. 
See Table 2.

Few empiric studies have been conducted on the 
treatment of dyspnea. Recently, the National Cancer 
Research Institute Palliative Care Breathlessness 
Subgroup presented a consensus statement on dysp-
nea and suggested multicenter interventional studies 
to concentrate on rational study designs for the treat-
ment of dyspnea (24).

Brain Metastases From Lung Cancer

The majority of studies conducted among patients 
with brain metastases have included patients with 
metastases from a variety of primary cancers includ-
ing lung cancer. Unfortunately, because of the high 
incidence of lung cancer, it often tends to be the most 
well-represented cancer on brain metastases studies. 
Further, because NSCLC is more common these 
studies have less patients with SCLC. The majority of 
stereotactic radiosurgery (SRS) trials exclude patients 
with SCLC. A variety of treatment options exist for 
patients with brain metastases from lung cancer. 
The subsequent paragraphs will focus on options 
for treatment of brain metastases from NSCLC and 
where there are exceptions for patients with SCLC 
these will be stated below. The options for patients 
with brain metastases include steroids, chemother-
apy, surgery, SRS, whole-brain RT (WBRT) and/or a 
combination of these treatments (28). Treatment rec-
ommendations vary based on the extent of a patient’s 
systemic disease, performance status, and age as well 
as number of metastases and prior and possibly even 
planned therapies.

Solitary/Single Brain Metastasis
Solitary brain metastases exist when truly no other 
known disease exists in the body besides the solitary 
brain metastasis. This could be either at initial diagno-
sis (which would be very rare) or after curative treat-
ment for a known prior malignancy that has already 
been delivered. In contrast, a single brain metastasis 
could be present as a sole lesion in the brain, but there 
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is known disease elsewhere in the body. One could 
surmise that the former group of patients will fare 
better in terms of long-term prognosis, and as such, 
treatment recommendations may vary for these dif-
ferent groups of patients. Because SCLC is radiore-
sponsive, patients are not typically offered surgery or 
SRS and are treated with WBRT as described in the 
multiple brain metastases category below.

Surgery (either open surgical resection or SRS) 
is the main treatment for patients with solitary or 
single metastases to the brain. Typically, surgical 
resection is indicated for patients with brain tumors 
in operable locations especially when one is unable 
to gain a tissue diagnosis from another metastatic 
site. Surgical resection followed by WBRT has been 
compared with WBRT alone for primary treatment 
of patients with single brain metastasis (29–31). The 
most influential of these trials was conducted by 
Patchell and colleagues (29). The majority of patients 
on this randomized clinical trial had NSCLC. This 
study showed that patients who underwent surgery 
fared better than those who received WBRT alone, 
with a median survival of approximately 10 versus 
4 months, respectively (P < .01) (29). Patients who 
underwent surgery were able to maintain better per-
formance status and had less local recurrence in the 
brain as well. These same authors then asked another 
important question: Is the WBRT necessary?

Patchell’s (32) second randomized clinical trial 
among patients with brain metastases involved surgery 
alone versus surgery followed by WBRT for patients 
with a single brain metastasis. WBRT decreased 
brain relapse rate from 70% to 18% (P < .001), and as 
a result, neurologic progression free (NPF) survival 
was improved. Median NPF survival was improved 
from 81 to 115 weeks with the addition of WBRT; 
P = .03. However, no difference was seen in overall 
survival or duration of functional independence (32). 
This study has resulted in a large number of patients 
and clinicians being very cautious about when to add 
WBRT after surgical resection; although, the authors 
did conclude that improvements in NPF survival was 
enough to continue to recommend the use of post-
operative WBRT. Most experts conclude that after 
surgical resection that WBRT should remain the 
standard of care (33).

Oligometastatic Brain Disease (2–4 Metastases)
An intermediate group between those with soli-
tary or single metastases and those with multiple 
metastases is a group of patients with 2–4 brain 

metastases. While craniotomy would likely not be 
recommended in this group of patients, SRS, with 
or without WBRT, might be a viable option. Some 
of the studies overlap with patients with solitary 
or single metastases as described above; however, a 
large number of these trials have also used SRS, with 
or without WBRT, for this group of oligometastatic 
patients.

This past year, a randomized phase 3 single 
institution trial was reported in abstract form (34). 
This trial was a randomized trial of SRS, with or 
without WBRT, in patients with 1 to 3 brain metas-
tases, who were recursive partition analysis (RPA) 
class 1 or 2. The primary endpoint of the study was 
neurocognitive decline in 4 months as measured by 
the Hopkins Verbal Learning Test (HVLT). The 
study enrolled 58 patients (the majority of whom 
were NSCLC patients) over a 7-year time period 
and was halted by an independent data monitor-
ing committee when they found that the WBRT 
arm had a decline in HVLT as compared with the 
non-WBRT arm (mean value 49% vs. 23%, respec-
tively). The study was halted by an early stopping 
rule. Despite no obvious differences in patient’s 
baseline demographics or clinical characteristics, the 
study also found a remarkable difference in survival 
between the SRS alone group as compared with the 
SRS plus WBRT group (median survival of 15.2 vs. 
5.6 months, respectively; (P = .003). Furthermore, 
the local control and the brain tumor control at 1 
year was lower in the SRS group as well, leading 
one to conclude that WBRT was detrimental to 
this group of patients on this study. However, 27 
of the 30 patients on the SRS alone arm were able 
to undergo salvage therapies (craniotomy, WBRT, 
SRS, and/or chemotherapy) as compared with only 
3 out of the 28 patients in the SRS plus WBRT arm 
due to rapid progression of systemic disease in the 
WBRT group. The authors suggest that SRS with 
salvage therapy should be the new standard of care.

The previously described study was a single insti-
tution trial and is not yet published in full manu-
script form. Therefore, WBRT may be considered in 
patients wanting to improve neurologic progression-
free survival extrapolating from the surgical data 
as well as data from a SRS with or without WBRT 
study (35). Ideally, a patient who is a candidate for 
SRS should be enrolled in the open cooperative group 
trials asking whether or not WBRT is necessary fol-
lowing SRS. The NCCTG study is actively accru-
ing, and the EORTC study has completed accrual 
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(ClinicalTrials.gov identifier: NCT00377156 and 
NCT00002899, respectively). We await the results 
of these pivotal trials before we can state that SRS 
alone is the standard of care. We do offer WBRT 
to patients who have undergone SRS, with typical 
doses of WBRT being 3,000 cGy in 10 fractions to 
3,750 cGy in 15 fractions. Patients with SCLC are 
often not eligible for the SRS studies and are often 
not offered surgery or SRS for initial treatment of 
brain metastases.

Multiple Brain Metastases
Patients with multiple brain metastases are typically 
treated with steroids (dexamethasone 16 mg/d, maxi-
mum dose) for approximately 4 weeks or less with a 
rapid taper (24). The Recursive Partitioning Analysis 
(RPA) study by the Radiation Therapy Oncology 
Group (RTOG) found three prognostic groups of 
patients with brain metastases with varying degrees 
of survival. Median survival was disappointingly 2 
to 7 months for these various groups (36,37). A new 
classification system called the Graded Prognostic 
Assessment (GPA) is now being studied and may sup-
plant the RPA classification system in the future. The 
GPA is felt to be simpler, as it involves the patient’s 
age, Karnofsky performance status, number of metas-
tases, and whether or not extracranial disease is pres-
ent (38,39). Other prognostic classification system 
exist, but they are not used as often as the RPA or 
GPA and some are specific to patients undergoing 
SRS (40,41). SCLC tends to be very responsive to 
WBRT. The typical dose used for patients with mul-
tiple brain metastases from lung cancer is 3,000 cGy 
in 10 fractions.

Neurocognitive function or dysfunction is an 
area of active research in patients undergoing WBRT. 
The majority of studies have not shown a decline in 
neurocognitive function when appropriate fraction 
sizes are used, no brain disease progression is noted, 
and patients are not treated with concurrent chemo-
therapy (42,43). The rate of radiation-induced demen-
tia following WBRT is thought to be low. However, 
the majority of patients will not live long enough to 
develop this toxicity, and few studies have truly con-
ducted formal neurocognitive testing in which base-
line assessments are performed. As described above, 
the NCCTG study of SRS, with or without WBRT, 
does have detailed neurocognitive testing. Another 
ongoing RTOG study is asking whether meman-
tine can preserve cognitive function (specifically 
memory). Memantine is used for Alzheimer’s disease 

and works by blocking NMDA glutamate receptors. 
This study is a randomized controlled phase 3 trial 
of placebo versus memantine among patients under-
going WBRT. This study is using a dose of 3,750 
cGy in 15 fractions. The study is actively accruing 
patients (RTOG 0614; ClinicalTrials.gov identifier: 
NCT00566852).

Recurrent Brain Metastases
Patients can suffer with recurrent brain disease follow-
ing WBRT. This is a challenging problem, especially 
if their systemic disease is still well-controlled and/or 
they have a good performance status. Often times, 
SRS is used as a salvage procedure. The RTOG con-
ducted a study of salvage SRS for patients with recur-
rent brain metastases (or recurrent primary brain 
tumors) (44). A retrospective study by Chao (45) 
showed that the longer the interval between WBRT 
and the SRS, the better the prognosis. Occasionally, 
repeat WBRT is offered to these patients as well 
(46,47). The dose for whole-brain reirradiation is 
highly dependent on the previous dose of RT given. 
One could consider 3,000 cGy in 15 fractions or 
2,000 cGy in 10 fractions.

Reirradiation following PCI is also possible but 
not widely reported. The PCI85 and PCI88 specified 
the reirradiation dose to be 5,000 cGy in 28 fractions 
for those who had not received PCI and 3,900 cGy 
in 22 fractions for those who had previously received 
PCI (typically 2,500 cGy in 10 fractions) (48). Their 
review reported patterns of failure after PCI but 
did not describe outcomes related to the WBRT or 
the reirradiation. As above, the reirradiation dose 
is highly dependent on the prior WBRT dose. One 
could consider 3,000 cGy in 15 fractions or 2,000 
cGy in 10 fractions.

Chemotherapy and Brain Metastases
Although it is believed that most chemotherapy does 
not traverse the blood brain barrier, this notion is 
now being challenged. Studies have been conducted 
using chemotherapy (e.g., systemic chemotherapy, 
radiosensitizers, gadolinium targets, etc.) as an 
adjuvant to improve WBRT results (41,49–51). A 
very recent report shows that metoxafin gadolin-
ium in combination with WBRT improves neuro-
logic progression-free survival among patients with 
NSCLC as compared with WBRT alone, especially 
when delivered promptly after diagnosis (41). Other 
studies of chemotherapy for brain metastases are 
ongoing.
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Spinal Cord Compression

Spinal cord compression can result due to epidural 
compression, intradural metastasis, or leptomenin-
geal compression. This section will focus on the more 
common epidural cord compression (ECC). This is 
defined as the indentation of the thecal sac in combi-
nation with the clinical symptoms at the correspond-
ing vertebral body level of pain, weakness, numbness, 
and/or bowel or bladder sphincteric dysfunction. ECC 
requires clinical astuteness as well as prompt evalua-
tion and treatment to avoid neurologic deterioration. 
ECCs are commonly located in the thoracic verte-
bral bodies. Synchronous lesions can occur in a large 
percentage of patients; therefore, magnetic resonance 
imaging (MRI) of the entire spine is recommended. 
Treatment for ECC includes steroids, RT, orthopedic 
or neurosurgery intervention, and/or a careful com-
bination of these therapies. Ambulatory status prior 
to ECC, interval between diagnosis and development 
of the metastasis, and the rapidity of the development 
of symptoms are predictive of outcome (52). Patients 
with ECC from lung cancer tend to have worse out-
comes (median survival of 1.5 months) as compared 
to those with ECC from other cancers (53).

Steroids
Dexamethasone is commonly begun at diagnosis 
of ECC. Although, the optimal dose is not known; 
commonly, a dosage of 16–96 mg/day is typically 
used. Most studies support the lower or moderate 
doses of steroids due to the adverse effects of high-
dose of steroids (52).

Surgery
In the past, surgery was used predominantly for 
patients with spinal instability, bony collapse, intrac-
table pain, and/or failure after other therapies (24). 
Improved surgical techniques, as well as a recent ran-
domized trial of surgery with RT as compared with 
RT alone for ECC, has increased the importance of 
early surgical intervention to maintain the functional 
status in select patients (54). Therefore, multidisci-
plinary discussions and planning are important for 
patients with newly diagnosed ECC.

Patchell’s (54) randomized trial of surgery with 
postoperative RT versus RT alone was an important 
study that reestablished surgery as an important 
treatment modality in select patients with ECC to 
maintain or improve functional outcomes. This 
study included 101 patients with a single site of ECC. 

Similar to other palliative treatment trials, patients 
with NSCLC comprised a larger percentage of the 
patients. The patients who underwent surgery fol-
lowed by RT (3,000 cGy in 10 fractions) preserved 
their ambulatory rate and ability to walk for a greater 
length of time as compared with the primary RT 
patients: ambulatory rate 84% versus 57% (P = .001) 
and days walking 122 versus 13 days (P = .003), 
respectively. Furthermore, median survival time 
was longer in those patients undergoing surgery 126 
versus 100 days for those not undergoing surgery; 
P = .033 (54). The authors are careful to conclude 
that surgery is not indicated for all patients with 
ECC but better used for well-selected patients with 
good prognosis, limited disease, and a short duration 
of neurologic symptoms.

RT
RT is most commonly used to alleviate the symp-
toms from ECC. Patients often times are not can-
didates for surgery, and RT becomes the treatment 
of choice. Patients are not candidates for surgery 
if multiple sites of cord compression exist, they 
are medically unfit, or their anticipated survival 
is limited. A dose of 3,000 cGy in 10 fractions is 
often employed, as it results in less re-treatment (see 
Skeletal Metastasis above). Typical volumes include 
the area of ECC including any paraspinal extension 
as well as one to two vertebral bodies above and below 
the index lesion. A recent secondary analysis of the 
Patchell study (55) has shown that age > 65 years 
might be an important poor prognostic factor and 
that these patients may be better served by primary 
RT over surgery followed by RT. For patients with 
an anticipated short life-expectancy, short-course 
RT can be recommended (e.g., 800 cGy in a single 
fraction) (56–59). Rades et al. (57) outlined clini-
cal factors associated with survival and generated a 
scoring system related to patient survival. Using this 
scoring system, they were able to show that patients 
with a low score (<36) and poor prognosis should be 
treated with short-course RT and did not appear to 
benefit from long-course RT. This was in contrast to 
patients with a higher score (>36) and better prog-
nosis. In this group, longer survival was associated 
with a more prolonged course of RT (30 Gy/10 or 
longer).

Invasive radiology procedures have also been 
used to treat some patients. Kyphoplasty and ver-
tebroplasty are emerging as ways to strengthen the 
bone following radiation therapy (60).
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O N G O I N G A N D F U T U R E  ■

R E S E A RC H

Oligometastatic Disease

Considerable interest exists in delivering ablative 
therapies to address patients with limited metastatic 
disease with a variety of localized therapies, which 
include RT (4). Many years ago, Hellman and 
Weichselbaum (61) first theorized about oligometa-
static disease in that there might be a group of patients 
with limited metastatic disease that has not already 
become widely microscopically metastatic, whereby 
aggressive local therapies make clinical sense. While 
their initial description was in patients with breast 
cancer, many have extrapolated these findings into 
other cancers. The challenge is deciphering who has 
this limited oligometastatic disease at diagnosis or 
who has it at the time of subsequent relapse. A lim-
ited number of studies have been or are being con-
ducted in this group of patients so that one can better 
select patients for aggressive local therapies.

The NCCTG, in cooperation with the Southwest 
Oncology Group, is conducting a randomized phase 
2 trial of RT versus observation among patients with 
limited oligometastatic disease (N0724; Clinical.
Trials.gov identifier: NCT00776100). The RT is 
delivered after patients undergo two to six cycles of 
standard chemotherapy and have stable or responsive 
disease in the chest as well as in one to three meta-
static sites (which can include other intrathoracic 
lung metastases). The RT consists of 6,000 cGy in 
30 fractions or 4,500 cGy in 15 fractions to the tho-
racic disease with 4,000 cGy in 20 fractions or 3,000 
Gy in 10 fractions to the metastatic sites of disease. 
No concurrent chemotherapy is being administered. 
Any sites of complete response following chemother-
apy are not given RT. This study recently opened and 
plans to accrue 98 evaluable patients.

Stereotactic Body Radiotherapy (SBRT)

SBRT involves the use of high doses of conformal RT 
to small volumes delivered in 2 to 5 fractions (SRS is 
single fraction and is most often used in the brain, 
see above). SRS and SBRT are not only being applied 
to patients with primary lung cancer, but they are 
also being used for patients with oligometastatic dis-
ease. With the advent of improving technology and 
thoughtful treatment planning, it is now possible to 
be more aggressive with the primary or metastatic site 

while sparing normal tissues. SBRT is being offered 
for patients with metastatic lung, spine, and/or liver 
disease. Numerous studies are ongoing with only a 
handful highlighted below.

SBRT Lung
For patients with limited metastatic disease or con-
trolled other systemic disease, it is reasonable to 
consider SBRT for solitary or a few metastases (< 3 
lesions). We consider biopsy of a prior metastatic 
disease or even possibly the lung metastasis prior to 
delivery of SBRT for lung lesions to ensure that the 
patient has metastases. Similar techniques and doses 
as described in the chapter for Radiotherapy for 
Early-Stage Non-Small Cell Carcinoma of the Lung 
(including SBRT) are used for patients with meta-
static disease to the lung. Please see Figure 3A–C for 
example of a lung SBRT case treated to 6,000 cGy in 
3 fractions (without heterogeneity correction).

Schefter et al. (62) reported results of a phase 
1/2 trial of SBRT for patients with lung metastases. 
The study used a cohort of three study design for 
the phase 1 portion and determined that the maxi-
mum tolerated dose (MTD) was not reached as they 
had no dose-limiting toxicities (DLTs) at any of the 
three levels studied (4,800, 5,400, and 6,000 cGy all 
delivered in three fractions); therefore, 6,000 cGy in 
3 fractions was their maximum dose. In addition, 
13 patients from the phase 2 portion of the study were 
included in the safety analysis, and no DLTs were 
noted in this group (62). Local tumor control was 
recently reported with a total of 38 patients, and the 
authors found that the local control at 1 and 2 years 
was 100% to 96%, respectively. For those assessable, 
the median follow-up was 15 months (63).

SBRT Spine
SBRT can be delivered in a single fraction for patients 
with spine disease (SRS) or it can be delivered as a 
fractionated therapy (SBRT). SRS or SBRT spine 
is typically given to patients with oligometastatic 
disease who have disease that is amenable to SRS 
or SBRT or patients who have failed prior external 
beam RT (64,65). A recent single institution study 
demonstrated excellent local control with SRS; how-
ever, even patients with a single site of spine disease 
had poor outcomes due to systemic disease progres-
sion (66). The RTOG is conducting a phase 2/3 
study of SBRT in patients with metastatic spine dis-
ease, in which the phase 2 portion is a single fraction 
of 1,600 cGy and the phase 3 portion of the study 
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then compares this to external beam RT (800 cGy 
in a single fraction). (RTOG 0631; ClinicalTrials.
gov identifier: NCT00922974.) See Figure 4 for an 
example of an SBRT plan (2,100 cGy in 3 fractions) 
to the thoracic spine in a patient with prior external 
beam RT.

SBRT Liver
SRS or SBRT for liver metastases is an emerging area 
as noninvasive ablative therapies improve. SRS or 
SBRT can be delivered to liver metastases in select 
patients who have oligometastatic disease and lesions 
that are 5 to 6 cm or less while sparing a specified 
volume of the liver, given its parallel functional 
structure. Mayo Clinic, Rochester, has a single arm 
study to determine the maximum tolerated dose, 
as well as to evaluate the safety of single fraction 
SBRT for patients with liver metastases. (MC0941: 
ClinicalTrials.gov identifier: NCT00938457.)

Rusthoven and colleagues (67) recently reported 
the final results of a multi-institutional phase 1/2 
trial of SBRT for patients with liver metastasis (or 

metastases) provided that 700 cc of the liver would 
receive less than 1,500 cGy. The study enrolled 47 
patients with 63 liver lesions, and 36 patients with 49 
lesions were assessable for local control with a median 
follow-up of 16 months. The phase 1 portion of the 
study determined that the they did not reach an MTD 
and the upper-dose limit was 6,000 cGy in 3 fractions 
(68). The local control on the phase 1/2 study was 95% 
and 92% and 1 and 2 years, respectively. Median sur-
vival was 20.5 months, and the 2-year overall survival 
was 30% (67); however, a large percentage of patients 
had extrahepatic disease and prior chemotherapy. 
Minimal toxicity was noted (see Figure 5).

S UMM A RY ■

In summary, RT can be used to effectively palliate 
many of the symptoms due to lung cancer. It is often 
used to treat the symptoms from the primary tumor 
or nodal metastases. This can range from tumor 
bleeding, blocking an airway, obstructing a major 
vessel (such as the superior vena cava), causing cough, 

A B

C

FigurE 3 A. A beams eye view of a patient with a medically inoperable right lung cancer demonstrates 
multiple non-coplanar SBRT beams entering (and exiting) the patients external contour (shown in gray). B. A 
coronal computed tomography (CT) image shows the conformal dose around the lung cancer. C. An axial CT 
image shows the conformal dose around the lung cancer.
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FigurE 4 An axial CT image demonstrating the conformal SBRT isodose lines around a T11 vertebral body 
metastasis in a patient with a paraspinal carcinoma status post prior external beam radiotherapy. The plan was 
developed with intensity modulated radiation therapy to a dose of 2100 cGy in 3 fractions. The spinal cord is 
outlined in black. The planning target volume is in the light gray color wash.

FigurE 5 An axial CT image demonstrating the conformal SBRT isodose color washes around a liver met-
astasis in a patient with oligometastatic colorectal cancer with markers placed for four-dimensional treatment 
planning and delivery.
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impairing swallowing and many other problems. 
Additionally, distant metastases can cause pain, frac-
tures of bones, or impair neurologic function. Most 
focal symptoms related to tumor impinging or invad-
ing normal tissues can be effectively palliated with a 
short course of RT. Newer technologies have allowed 
us to pinpoint the therapy more precisely that should 
provide better outcomes with fewer side effects. In 
addition, it might be possible to render some patients 
with oligometastatic disease free of disease with the 
judicious use of RT to all known gross disease com-
bined with systemic treatment.
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I N T RO D U C T I O N ■

Local Recurrence after Surgery for  
Early-Stage Disease

In order to understand the role of local therapy in 
the management of recurrent lung cancer, the impor-
tance of local and regional recurrence (LRR) must be 
put into context. Distant metastatic disease (DM) is 
the dominant and most lethal pattern of failure in 
lung cancer. However, especially in non–small cell 
lung cancer (NSCLC), LRR after initial surgery or 
radiation therapy causes morbidity and mortality in 
a significant number of patients. Typically, LRRs are 
treated in the palliative setting, but curative regimens 

Radiotherapy as Adjuvant Therapy and Salvage Therapy 
After Resection of  Non–Small Cell Lung Cancer

Jonathan B. Ashman*
Mayo Clinic, Phoenix, AZ

A B S T R AC T ■

Although distant metastatic disease is the predominant pattern of failure in lung cancer, local recurrence after 
surgery or radiotherapy can be a significant clinical problem. Post-operative adjuvant radiation therapy remains con-
troversial but should be considered for patients with N2 disease. In patients who have not received prior radiation 
therapy, thoracic radiation is widely used for palliative symptom relief for locally recurrent and progressive disease. 
However, for patients with limited disease and good performance status, thoracic radiation with aggressive, curative 
doses is indicated for local recurrence after surgery. Brachytherapy has also been well-described as an effective tech-
nique for endobronchial disease. Even in the setting of recurrent disease after primary radiation, several series have 
confirmed the benefit and safety of repeat thoracic radiation. Therefore, radiation therapy has multiple indications 
in the management of appropriately selected patients with locally recurrent lung cancer.

also can be considered in selected patients. In gen-
eral, LRR rates of between 5% and 80% have been 
reported in the literature. The retrospective nature of 
most case series is one important factor, but hetero-
geneity also is related to patient-specific factors such 
as the extent of surgery, pathologic stage, and the use 
of adjuvant therapy.

Several retrospective series have reported rates of 
LRR after surgery for early stage disease. Pairolero 
et al. (1) reported outcomes at Mayo Clinic after sur-
gery for 346 patients initially treated between 1972 
and 1978. Patients with pathologic T1 N0 M0, T2 
N0 M0, and T1 N1 M0 were followed with phys-
ical examination, sputum cytology, and chest x-ray. 
Thirty-nine percent of patients developed additional 
disease: 45% DM, 25% new primary, 20% LRR, and 
10% DM plus LRR. Interestingly, while the rate of 
overall disease recurrence was highest during the first 
year of follow-up and then declined with time, the 
rate of LRR remained constant over the first 4 years. 
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At 2 years from detection of recurrence, 23.4% of 
patients had survived after isolated LRR compared 
to only 8.9% with DM.

The Ludwig Lung Cancer Study Group analyzed 
the patterns of failure for 1,012 patient with resected 
stages I and II NSCLC (2). Patients were entered 
onto studies between 1977 and 1983. Overall, 42% 
of patients developed objective evidence of failure. 
The site of first failure was intrathoracic in approxi-
mately one-half of these patients, with recurrence at 
the bronchial resection line occurring in more than 
one-quarter of this subset. Intrathoracic recurrence 
was reduced in patients who underwent pneumonec-
tomy or bilobectomy.

During a similar time span of treatment, Martini 
et al. (3) reported a series of 598 patients treated sur-
gically for pathologic stage I NSCLC at Memorial 
Sloan-Kettering Cancer Center. Lobectomy was per-
formed in 85% of cases, pneumonectomy in 4%, and 
wedge or segmentectomy in 11%. Mediastinal stag-
ing was performed in 94% of cases. Recurrence was 
observed in 27% of patients, and, of these patients, 
20% experience LR and 8% regional recurrence. In 
this series, only 5% of patients who underwent medi-
astinal lymph node dissection developed LRR, and 
most cases of LRR were seen in the patients treated 
with wedge resection or segmentectomy.

Several other smaller series reported similar 
results for early-stage patients. Al-Kattan et al. (4) per-
formed a retrospective analysis of 123 patients treated 
in the United Kingdom between 1987 and 1988. All 
of the patients underwent complete resection for stage 
I lung cancer. Of the patients, 96 were treated with 
lobectomy and 27 with pneumonectomy. The rate of 
LRR was 15%. Virgo and colleagues (5) analyzed 182 
patients who underwent surgical resection with cura-
tive intent between 1982 and 1992 at the St. Louis 
Department of Veterans Affairs Medical Center. 
Patients were included if they had stage I–IIIA dis-
ease, but “most” of the patients were reported to have 
had stage I lesions. The LRR rate was found to be 
13%. Choi et al. (6) reported a more modern series 
from Korea of 482 stages I and II patients treated 
surgically between 1995 and 2000. Isolated LRR was 
identified in 19% of the patients, and combined LRR 
and DM occurred in another 11% of the patients.

The rate of LRR in patients undergoing sub-
lobar resections has also been the subject of sev-
eral reports. Researchers at M.D. Anderson Cancer 
Center reviewed 358 patients with stage I–III disease 
who had undergone complete resection for NSCLC 

(7). Patients were excluded if they had superior sul-
cus tumors or mixed small cell or neuroendocrine 
pathology. While 25% of the patients developed 
DM, 9% of the patients developed LRR only and an 
additional 4% developed LRR together with DM. 
Patients who underwent wedge or segmental resec-
tions were almost twice as likely to have LRR as were 
patients undergoing lobectomy. Patients with LRR 
only had a median survival of 33.9 months compared 
to approximately 19 months for patients with DM 
(P = nonsignificant).

A recent series from Germany by Sienel and 
colleagues (8) analyzed 87 stage IA patients who all 
underwent a sublobar resection between 1987 and 
2003. One-quarter of the patients overall developed 
LRR, but the incidence was significantly higher in 
patients who underwent wedge resection compared to 
segmentectomy (55% vs. 16%). The rate of DM was 
not significantly different, but survival was poorer 
in the wedge resection group. Even in patients with 
primary tumors less than 2 cm in size, there was a 
40% recurrence rate among the patients in the wedge 
resection cohort compared with 11% in the segmen-
tectomy cohort, and the survival difference persisted 
between groups.

In a prospective randomized trial, the Lung 
Cancer Study Group also found a significantly higher 
rate of recurrence for patients for patients undergo-
ing more limited procedures (9). All patients under-
went mediastinal node sampling and were deemed 
T1 N0 at the time of intraoperative randomization. 
A tripling of the rate of LRR was found for patients 
undergoing wedge resections or segmentectomy com-
pared with lobectomy.

Not all series have shown a higher recurrence rate 
with sublobar resections. Okada et al. (10) reported 
a nonrandomized, prospective study from three 
Japanese institutions over a period of 10 years from 
1992 to 2001. The cohort contained 567 patients with 
node-negative, peripheral tumors <2 cm (305 patients 
in the sublobar resection group; 262 patients in the 
lobectomy group). With a median follow-up of over 70 
months, LRR was detected in only 4.9% of patients 
in the sublobar resection group and 6.9% of patients 
in the lobectomy group (P = nonsignificant).

Adjuvant Radiation After Surgery

LRR after surgery potentially presents a more clini-
cally significant concern for patients with locally 
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advanced disease. Especially in the setting of N2 dis-
ease, the use of postoperative thoracic radiation ther-
apy (TRT) continues to be an area of controversy. To 
better understand patterns of failure and potential risk 
factors, a detailed retrospective analysis of patients 
with pathologic N2 disease was performed in two 
studies by Sawyer and colleagues (11) at Mayo Clinic. 
In the initial report, 224 patients were included who 
underwent surgery between 1987 and 1993. The sur-
gical procedures were segmentectomy in 33 patients, 
lobectomy in 115 patients, and removal of >1 lobe or 
pneumonectomy in 76 patients. Postoperative TRT 
was delivered in 88 patients, and 26 patients also 
received chemotherapy. In patients who had surgery 
alone, the 4-year actuarial freedom from LRR was 
only 60%, and 4-year freedom from LRR as the site 
of first recurrence was 50%. Indeed, in patients with 
more than a single involved N2 lymph node, only 
20% were free from LRR at 4 years. Adjuvant TRT 
was quite effective in controlling LRR. Regardless of 
the number of involved N2 nodes, the 4-year free-
dom from LRR after TRT was increased to approxi-
mately 80%. The authors extended their findings 
using regression tree analysis to further stratify this 
same cohort of N2 patients into risk groups (12). 
Prognostic factors for LRR included involvement of 
N1 lymph nodes, T stage, involvement of the supe-
rior or inferior mediastinum or both, and whether 
that involvement was in accordance to the location 
of the primary tumor. The 4-year actuarial freedom 
from LRR for the low-risk, medium-risk, and high-
risk groups was 70%, 40%, and zero, respectively. 
These studies demonstrated that the risk of LRR after 
surgery for N2 patients is high and that postoperative 
TRT can significantly reduce LRR. In addition, the 
data suggested a significant impact of adjuvant TRT 
on overall survival, especially in the medium-risk 
and high-risk N2 populations. The 4-year actuarial 
survival for high-risk patients who received adjuvant 
TRT was 37% compared with 4% for patients who 
did not receive TRT (P = 0.0002).

The importance of determining the relationship 
of LRR on survival spurred several randomized trials 
to define a role for TRT in the postoperative setting. 
These trials provide additional insight into the rate of 
LRR both after surgery alone and after adjuvant TRT. 
An excellent overview of these data is provided in a 
recent review by Krupitskaya and Loo (13). Many of 
these trials included patients with node-positive dis-
ease. Surgery alone resulted in a rate of LRR between 
16% and 47%. The impact of adjuvant postoperative 

TRT varied quite dramatically across the studies, 
with rates of LRR between 1% and 42%. However, 
the importance of LRR and postoperative TRT on 
survival remained unclear. The data from the PORT 
Meta-analysis Trialists Group suggested a decre-
ment in survival for adjuvant TRT for early-stage 
patients but a trend toward improvement in survival 
after adjuvant TRT for stage III or N2 patients (14). 
A criticism of this analysis was the inclusion of tri-
als using outdated radiation techniques, which likely 
increased the risk for treatment-related mortality. To 
address these concerns, Lally and colleagues (15) per-
formed a retrospective analysis of the Surveillance, 
Epidemiology, and End Results (SEER) database. 
Patients with stage II or III disease treated between 
1988 and 2002 were included in the analysis and 
evaluated for outcome with respect to use of adjuvant 
TRT. This time period was selected because treat-
ment was likely to have been delivered using modern, 
linear accelerator-based techniques. Consistent with 
the prior meta-analysis, adjuvant TRT in patients 
with either N0 or N1 disease resulted in a decrement 
in survival. However, a survival benefit was observed 
with the use of adjuvant TRT in patients with N2 
disease. This benefit was statistically significant for 
both overall survival and disease-specific survival 
and on both univariate and multivariate analysis.

Additional insight regarding adjuvant TRT 
delivered with modern techniques in the setting 
of a prospective trial was learned from the recent 
Adjuvant Navelbine International Trialist Association 
(ANITA) study (16). The primary design of this trial 
was to test adjuvant chemotherapy after completely 
resected stage IB-IIIA NSCLC. Between 1994 and 
2000, 840 patients were randomized after surgery to 
either observation or cisplatin plus vinorelbine che-
motherapy. However, a subgroup of node-positive 
patients also received adjuvant TRT in a nonran-
domized fashion. In a subsequent analysis, the rates 
of LRR were reported for patients receiving surgery 
alone, surgery plus chemotherapy, surgery plus adju-
vant TRT, or surgery plus chemotherapy plus adju-
vant TRT (17). For patients who received neither 
chemotherapy nor postop TRT, the rate of isolated 
LRR in patient with N0, N1, and N2 disease was 
18%, 21%, and 29%, respectively. Chemotherapy 
appeared to reduce the rate of LRR even in the 
absence of TRT. Again for N0, N1, or N2 patients, 
isolated LRR with postoperative chemotherapy was 
10.4%, 13.4%, and 18.6%, respectively. These recur-
rence rates were similar to those for postoperative 
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TRT in the absence of chemotherapy. Patients with 
N1 or N2 disease appeared to benefit from the com-
bination of chemotherapy and adjuvant TRT with 
isolated LRR rates of 8% and 6.3%, respectively. 
With regards to overall survival, TRT appeared to 
benefit only those N1 patients who did not get che-
motherapy. For patients with N2 disease, postopera-
tive TRT improved the survival rate regardless of 
the use of adjuvant chemotherapy. Indeed, for N2 
patients who received adjuvant chemotherapy, the 
addition of TRT approximately doubled the median 
survival from 23.8 months to 47.4 months.

Taken together, the data from these retrospec-
tive and prospective studies suggest that a subset 
of high risk N2 patients may benefit from postop-
erative TRT. Two phase 3 trials are being planned; 
one in the United States and the other in Europe. 
A joint American College of Surgical Oncologists 
Group (ACOSOG) and Radiation Therapy and 
Oncology Group (RTOG) trial includes patients 
with resected N2 disease who receive chemotherapy 
and are randomly assigned to receive either TRT ver-
sus no radiotherapy. This is the Adjuvant Mediastinal 
Observation or Radiotherapy Evaluation (AMORE) 
Trial. The European trial is entitled the Lung 
Adjuvant Radiotherapy Trial (Lung ART) and will 
compare three-dimensional (3D) conformal PORT 
versus no PORT for N2 patients who have had com-
plete resection irrespective of chemotherapy. These 
trials should better define the role of adjuvant radio-
therapy for resected N2 patients.

T R E ATM E N T O F LO C A L  ■
R E C U R R E N C E

Re-operation for Postoperative Recurrence

There is little data with regard to surgical salvage of 
patients with LRR. One early study by Gabler and 
Leibig (18) evaluated 12 patients who underwent 
re-operation for ipsilateral LRR. Eleven patients 
had a pneumonectomy and one patient had a wedge 
resection. Three of the patients survived over a long-
term period, and the patients who lived greater than 
30 days after the second surgery had a median sur-
vival of 18 months. A more modern study of iterative 
resections was reported from Italy by Voltolini and 
colleagues (19). Representing just 1.1% of all patients 
who had undergone primary surgical resection 
between 1978 and 1998, 12 patients were identified 

who underwent a re-operation for LRR. Ten patients 
were treated with pneumonectomy, one patient with 
lobectomy, and one patient with wedge resection. 
Five-year survival was 15.5% and median survival 
was 26 months. Thus, it appears possible to success-
fully salvage a small percentage of patients who fail 
resection with further surgical interventions.

TRT for Postoperative Recurrence

For patients who did not receive adjuvant postop-
erative radiation as part of their primary manage-
ment, salvage TRT is logical for LRR. The intent 
of such salvage TRT may be curative or palliative. 
Without  randomized trials, only single institution 
series are available (Table 1). Green and Kern were 
among the first in the modern era to describe their 
experience treating locally recurrent lung cancer (20). 
They reported on 46 patients treated with TRT for 
postoperative LRR and no evidence of DM between 
1963 and 1976. Mediastinal or hilar recurrences 
were observed in 36 patients. Radiation doses were 
generally delivered with aggressive regimens, and 
34 patients received doses ≥ 4,000 cGy. Subjective 
response was observed in 63% of patients, which 
correlated well with an objective response in 61% 
of patients. Favorable responses were more common 
among patients in the higher dose group than in those 
patients who received lower doses (70% vs. 33%, P 
value not stated). The median survival was 11 months, 
and 2-year survival was 10%. The median survival 
was 19 months for those patients both who received ≥ 
4,000 cGy and who had a favorable response.

Shortly thereafter, Kopelson and Choi (21) 
reported their series from Harvard. Between 1962 
and 1979, 24 patients were treated with TRT for 
LRR of lung cancer after surgery. All of the patients 
had non-small cell histology, no prior history of 
TRT, and no DM. The median time interval from 
surgery to recurrence was 15 months (range 4–39 
months). Chemotherapy was only used in two 
patients who developed DM subsequent to TRT. 
Radiotherapy techniques varied over the time period, 
and doses ranged from 1,865 cGy to 6,200 cGy. One 
patient received three courses of TRT for bronchial 
stump recurrences. The median survival was almost 
12 months, and two patients were long-term survi-
vors. Symptoms were palliated either completely or 
partially 80% of the time. Approximately one-half of 
the patients developed LRR after TRT.
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One of the first studies to report the particu-
larly favorable outcome of isolated LRR at the bron-
chial stump was by Law et al. (22) from London. 
They reviewed the records of 1,000 patients who had 
undergone surgical resection for lung cancer between 
1966 and 1975, and 17 patients were identified with 
bronchial stump recurrence. Of these patients, the 
recurrence was confined only to the bronchial stump 
in six patients, and all received additional radiation 
therapy. Two were treated with radioactive gold 
grains and four received external beam doses of 
5,000 to 6,100 cGy in standard fractionation. Five of 
these six patients survived >5 years without evidence 
of disease.

The Mayo Clinic experience was reported by 
Shaw et al. (23) and included 37 patients treated 
with definitive intent TRT between 1976 and 1985. 
Total doses ranged from 1,200 cGy to 7,500 cGy, 
and the most frequent dose regimen was 4,000 cGy 
in 10 fractions with a split course. Radiographic 
responses were assessed by chest x-ray, and 54% of 
the patients had a complete or partial response while 
only 6% progressed. Symptomatic response was 
observed in 48% of the patients, and the remain-
der had stable symptoms. The median survival was 

13.7 months. Survival was 30% at 2 years and 4% 
at 5 years. Only one patient did not have evidence 
of treatment failure. Approximately two-thirds of 
patients developed local failure and one-half the 
patients developed DM. In this cohort, there was no 
difference in survival with the addition of chemo-
therapy to salvage TRT. The authors’ conclusion was 
that more aggressive local therapy was necessary.

At approximately the same time as the Mayo 
study, Curran and colleagues (24) reported a series 
from Fox Chase Cancer Center. The outcomes of 
37 patients with NSCLC treated with salvage TRT 
for LRR after surgery were compared with those of 
759 patients treated with primary TRT for unre-
sected disease. Over 80% of patients in each cohort 
had stage III disease at the time of TRT. Radiation 
doses were generally higher than in the Mayo Clinic 
series. The median dose for patients with recur-
rent and primary disease was 5,600 cGy and 5,900 
cGy, respectively. Despite the more aggressive doses, 
median survival for patients with recurrent disease 
was 12 months and the 2-year survival rate was 22%. 
There was no statistical difference in this rate of sur-
vival compared with patients treated with primary 
TRT. Both groups were found to have a 30% 2-year 

TABLE 1 External beam thoracic radiation therapy for postoperative local recurrence

 
1st Author (Ref)

 
Number of Patients

 
Dose (Gy)

Median Survival 
(months)

 
Notes

Green (20) 46 25–65 11 MS = 19 months in patients with 
favorable response to high dose

Kopelson (21) 24 18–62 11 2 long-term survivors
Law (22) 14 51–60 32 5 long-term survivors
Shaw (23) 37 12–75 13.7 5-year survival = 4%
Curran (24) 37 56  

(median)
12 Survival similar between patients with 

recurrent or primary disease
Yano (25) 32 50–60 19 MS = 27 months in responding patients
Kagami (26) 32 47.5–65 14 4 long-term survivors
Leung (27) 45 20–60 10 MS = 16 months for high dose patients
Emami (28) 52 16–75 8.5 MS = 12 months for patients recurring 

greater than 24 months after surgery
Jeremic (29) 61 30–60 13 MS = 38 months for recurrence only at 

bronchial stump
Kelsey (30) 29 46–74 17 Local control = 62%; 2-year survival = 

38%
Cai (31) 54 >59.4 in  

63%
19.8 MS equivalent between stage I–III 

patients with recurrent or primary disease

mo = months; MS = median survival.
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freedom from local-regional progression. Patients 
with bronchial stump recurrence had a median sur-
vival of 36 months compared with only 9 months for 
patients with nodal or chest wall recurrences. These 
results were interpreted as justification for aggressive 
salvage of select patients with LRR and good per-
formance status.

Yano et al. (25) reported a series from Japan 
describing 32 patients with isolated LRR recurrences 
after surgical resection. Within this cohort, 17 had 
previously been treated with adjuvant chemotherapy 
and 6 had been treated with adjuvant radiotherapy. 
Hilar and mediastinal recurrences were the most com-
mon sites of recurrence. Treatment of recurrent dis-
ease included TRT in 29 patients and chemotherapy 
in 12 patients. The total radiation dose was between 
5,000 cGy and 6,000 cGy in standard fractionation. 
The median survival was 19 months, and 2-year sur-
vival was 38%. Sixteen patients achieved a complete 
or partial response to therapy, and these patients had 
a significantly longer median survival compared to 
nonresponders (27 months vs. 6 months, P < .01). 
Response to TRT was the only significant prognostic 
factor on multivariate analysis.

A second Japanese series reported by Kagami 
and colleagues (26) included another 32 patients 
with LRR who had undergone surgical resection 
for lung cancer between 1981 and 1991. All of the 
patients were treated with salvage TRT, and an 
aggressive radiation regimen was undertaken with 
doses ranging from 4,750 cGy to 6,500 cGy in 250 
cGy fractions delivered 4 days per week. Twenty-five 
patients received doses of 6,000 cGy or more. Clinical 
improvement was achieved in 17 or 19 symptomatic 
patients. Response was assessed by bronchoscopy, 
chest x-ray, and chest computed tomography (CT). 
An objective response rate of 65% was observed, and 
a complete response was achieved in 7 of 25 patients 
treated to doses of 6,000 cGy or more. Despite 
these encouraging initial responses, approximately 
two-thirds of patients ultimately relapsed, and only 
4 patients survived more than 5 years. Median sur-
vival was 14 months, and 2-year survival was 28.1%.

Leung and colleagues (27) reported their expe-
rience from Australia with 45 patients treated with 
salvage TRT for LRR after surgery between 1984 
and 1990. Seventeen of these patients with perform-
ance status 0–1, weight loss <10%, and no evidence 
of DM were treated with 6,000 cGy TRT in 6 weeks. 
The remaining 28 patients were treated with pallia-
tive fractionation schedules. For the entire cohort, 

the median survival was 10 months, and the 2-year 
survival was 27%. However, the patients treated with 
curative intent had a median survival of 15.6 months. 
The disease-free interval between surgery and first 
relapse was not a significant prognostic factor for 
survival. Similar to the study of Curran et al. (24), 
no significant difference in survival was identified 
between the 17 patients who were treated with cura-
tive doses of TRT at the time of recurrence compared 
to 211 patients treated with similar doses of TRT as 
primary treatment.

A large series was reported by Emami and col-
leagues (28) from the Mallinckrodt Institute includ-
ing 52 patients who were treated with definitive 
surgery between 1975 and 1988 and then presented 
for salvage TRT without evidence of DM. TRT 
was delivered using standard fractionation over a 
range of doses from 1,620 cGy to 7,500 cGy, and 
35 patients received doses of 5,000 cGy or greater. 
The median survival was 8.5 months, and the 2-year 
survival was 18%. Patients who had complete or par-
tial responses to TRT had improved survival, and 
response to TRT was significantly related to higher 
doses. Local control was obtained in approximately 
one-half of the patients after TRT. In this series, the 
disease-free interval between surgery and LRR was a 
significant prognostic factor. The median survival for 
patients recurring less than 6 months after surgery 
was 4.8 months compared to 12 months for patients 
recurring greater than 24 months after surgery. The 
disease-free interval itself was significantly related to 
initial surgical stage.

The largest experience in the literature was 
reported by Jeremic et al. (29). The authors identi-
fied 61 patients who had been treated between 1982 
and 1993 with LRR after complete resections and 
no DM. At the discretion of the treating physician, 
patients were treated with either radical TRT doses 
between 5,500 cGy and 6,000 cGy in standard 
fractionation or a palliative dose of 3,000 cGy in 
10 fractions. Patients treated with palliative intent 
were more likely to have initial-stage IIIA disease 
and to have weight loss >5% prior to salvage TRT. 
The median survival was 13 months, and the 2-year 
survival was 28%. Survival was significantly better 
for patients treated with curative intent compared 
with palliative intent: median survival 18 months 
versus 7 months, and 2-year survival 36% versus 
11% (P < .0001). No patient treated with palliative 
intent was alive at 3 years. Salvage TRT resulted in an 
improvement in symptoms for both groups, but was 
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significantly more frequent in the high-dose TRT 
group (72% vs. 42%, P = .029). Both groups still 
experienced high local failure rates (50% vs. 74%, 
P = .083). Factors that influenced survival among 
patients treated with curative intent included female 
sex, initial surgical stage, and recurrent stage. In 
addition, patients with only bronchial stump recur-
rence did significantly better than those patients 
who relapsed in the nodes or chest wall. The median 
survival for the 15 patients with isolated bronchial 
stump recurrence was 38 months, and the 2- and 
5-year survival was 73% and 33%, respectively.

Two more modern series have been published 
addressing the role of salvage TRT. Kelsey et al. 
(30) reported the experience of Duke University of 
29 patients treated with surgical resection between 
1991 and 2003. One patient had been treated with 
adjuvant postoperative chemotherapy, but none 
had been treated with postoperative TRT. At the 
time of relapse, all patients had CT and bone scan 
imaging, and 15 patients also had Positron Emission 
Tomography (PET). All of the patients were treated 
with curative intent to a median dose of 6,600 cGy. 
Most were treated with standard fractionation, but 
six received accelerated hyperfractionation and three 
received 250 cGy fractions. Chemotherapy was added 
in 15 patients, either neoadjuvantly in 7 patients or 
concurrently in 8 patients. The median survival was 
17 months, and the 2-year survival was 38%. Local 
control was achieved at 2 years in 62% of patients. 
No prognostic factors influencing survival could be 
readily identified, which was most likely related to 
the small sample size.

The most recent series has been reported from 
the University of Michigan (31). Cai and colleagues 
describe 661 patients treated with TRT for lung 
cancer between 1992 and 2004. Of these patients, 
54 patients received TRT at the time of relapse after 
surgery and 607 received TRT as primary treatment. 
Stage IV patients comprised a greater percentage of 
patients in the newly diagnosed cohort. This dif-
ference may be reflected in the finding that 63% of 
recurrent patients received definitive doses of radio-
therapy (>5,940 cGy) compared with only 47% of the 
newly diagnosed patients. There were no differences 
in the use of chemotherapy between cohorts. When 
only patients with stage I–III at the time of TRT 
were considered, there were 46 patients in the recur-
rent cohort and 408 patients in the newly diagnosed 
cohort. For patients treated at the time of recurrence, 
the median survival was 13.8 months, and the 5-year 

survival was 8.9%. This was not significantly better 
than the median survival and the 5-year survival 
for patients with primary disease (12.6 months and 
9.7%, respectively). Stratification for stage, histology, 
gender, or use of chemotherapy did not reveal sig-
nificant differences between patients with recurrent 
or newly diagnosed disease. However, survival was 
better for patients with recurrent disease compared 
to patients with newly diagnosed disease in the sub-
groups either treated palliative TRT doses or among 
patients <60 years of age. Univariate and multivari-
ate analyses were used to look for prognostic factors 
only with the 46 recurrent patients with stage I–III 
disease. Stage, histology, gender, age, TRT dose, and 
time from surgery to recurrence were not significant. 
Chemotherapy use was the only factor associated 
with improved survival.

These data are striking in the consistency with 
prior studies dating back decades despite advances 
in imaging and treatment. Patients with LRR after 
surgery still have a poor prognosis overall. However, 
outcomes with TRT are comparable and, in some 
scenarios, superior to newly diagnosed patients of 
similar stage. Together the data argue strongly for 
use of TRT in the management of recurrent lung 
cancer after surgery and for aggressive, definitive 
doses for selected patients. Patients with bronchial 
stump recurrence may be especially good candidates 
for aggressive local treatment as they appear to have 
a better prognosis. Jeremic et al. (32) reviewed the 
literature in 2002 specifically with regards to the use 
of high-dose TRT for bronchial stump recurrence. 
A median survival of 30 months and a 2-year sur-
vival rate of 55% were reported. In addition, as is the 
case with locally advanced NSCLC patients, patients 
with recurrences are at high risk for failure with TRT 
alone and probably would benefit from the addition 
of chemotherapy to the radiation therapy.

Brachytherapy for Endobronchial  
Recurrence After Thoracic Radiation

Brachytherapy represents an alternative or comple-
mentary treatment strategy for locally recurrent 
lung cancer. It has the advantages of delivering high 
doses very precisely, short treatment courses, and low 
risks of acute toxicities. High dose rate brachyther-
apy (HDR-BT) has been the principle technique 
described for endobronchial treatment, especially 
in the setting of recurrent disease after TRT (33). 



90  Thoracic Malignancies

Several of the most influential studies are reviewed 
here and described in Table 2.

One of the earliest reports was from Seagren 
et al. (34) in 1985. These authors describe 20 patients 
previously treated with TRT to at least 5,000 cGy 
who presented with symptomatic endobronchial 
recurrence. Patients were treated between 1982 and 
1983 to a dose of 1,000 cGy in a single fraction. Two 
patients received an additional course of HDR-BT 
for progressive disease. Laser therapy was performed 
in four patients. The median interval from primary 
TRT to HDR-BT was 9 months (range 3–21 months). 
The median survival from HDR-BT was 9 months, 
and one patient had long-term survival greater than 
2 years. Symptomatic relief was achieved in 94% of 
patients, and six patients had complete resolution of 
symptoms. Twelve patients had a recurrence of symp-
toms at a mean interval of 4.3 months. Toxicity was 
reported as minimal without long-term complica-
tions appreciated such as fistula or bronchitis. Five 
patients (28%) died of massive hemoptysis. All of 
these patients were known to have active endobron-
chial disease, and, therefore, the authors favored 
tumor progression rather than treatment effect as the 
most likely cause of death.

Sutedja et al. (35) conducted a phase 2 trial of 
HDR-BT for patients with endobronchial recur-
rence of NSCLC after TRT. Thirty-one patients were 
entered over approximately 1 year from 1988 to 1989. 
Fourteen patients were treated with laser resection 
prior to HDR-BT. The dose of brachytherapy was 
1,000 cGy per fraction prescribed at 1 cm from the 

source and delivered every 2 weeks to a maximum 
of three treatments. Twenty-two patients had a par-
tial response, and nine patients had no response. The 
median survival of responders was 7 months, but it 
was only 3 months for nonresponders. The cause of 
death was attributed to local disease progression in 
16 patients, fatal hemorrhage in 10 patients, and fis-
tula in 2 patients. Of the 10 patients who developed 
hemorrhage, 7 also had laser resection.

Bedwinek and colleagues (36) reported their 
experience with endobronchial HDR-BT for recur-
rent disease after TRT in 1992. Thirty-eight patients 
were analyzed with inclusion criteria similar to those 
from Seagren et al. The dose was 600 cGy per frac-
tion prescribed to 1 cm from the center of the source 
in 3 weekly fractions. Four patients underwent a sec-
ond course of three-fraction HDR-BT for a second 
relapse. Nine patients had endobronchial laser abla-
tion prior to brachytherapy. The median survival 
from HDR-BT was 6.5 months. Partial or complete 
symptom relief was achieved in 76% of patients. The 
median duration of symptom relief was 5 months 
(range 2–14 months). Among the 27 patients who 
underwent repeat bronchoscopy, 82% had partial or 
complete objective regression of disease. The strong-
est predictor of symptom relief was extrabronchial 
disease measuring <5 cm. There were no cases of fis-
tula, pneumothorax, bronchial stenosis, or bronchi-
tis. However, fatal pulmonary hemorrhage occurred 
32% of patients at a median interval of 10 weeks post-
brachytherapy. Causation could not be definitively 
assigned to either tumor progression or treatment-

TABLE 2 High dose rate brachytherapy after prior thoracic radiation therapy

1st Author  
(Ref)

Number of 
Patients

 
Dose (Gy)

Number of 
Fractions

Median Survival 
(months)

Symptom  
Relief (%)

 
Toxicity

Seagren (34) 20 10 1 9 94 PH in 5 cases
Sutedja (35) 31 10 3 7 71 PH in 10 cases; 

fistula in 2 cases
Bedwinek (36) 32 6 3 6.5 76 PH in 12 cases
Speiser (37) 151 7.5 3 6.2 80 PH in 7%; 

Bronchitis 12%
Nori (38) 32 4–5 3–4 7.5 100 No severe 

reported
Ornadel (39) 109 15 1 12 50–90 PH 11% @ 1 yr
Hernandez (40) 29 7.5–10 3 5.5 24–69 PH in 1 cases
Kelly (41) 175 15 2 6 66 PH 9% @ 1 yr

PH = pulmonary hemorrhage.
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related complication. However, a potential risk fac-
tor was location of the tumor, because all of the cases 
occurred in patients with tumors located in the right 
mainstem bronchus, right upper lobe, or left upper 
lobe. It was noted that tumors in these location would 
have a close proximity to the pulmonary artery.

With the high complication rate reported by 
Bedwinek et al. and Seagren et al., several more 
studies were published to add additional institu-
tional experiences to the literature. Speiser and 
Spratling (37) provided a detailed analysis in their 
1993 report. They included 151 patients treated with 
HDR-BT between 1987 and 1991 for recurrent dis-
ease after prior TRT. Patient selection for HDR-BT 
required symptomatic, endobronchial disease of the 
proximal airways. The dose was 750 cGy per fraction 
prescribed to a depth of 1 cm from the source for 
3 weekly fractions. Selected patients also had endo-
bronchial laser ablation. The median survival from 
retreatment was 6.2 months. Hemoptysis and posto-
bstructive pneumonia were relieved in essentially all 
patients by first post-brachytherapy follow-up, and 
dyspnea and cough were relieved in more than 80% 
of patients. Acute complications from the proce-
dures were rare. Long-term complications included 
radiation bronchitis and stenosis in 12% of patients. 
Fatal hemoptysis occurred in 7.3% of patients, but 
all of these patients had documented recurrent or 
residual disease.

Nori and colleagues (38) described a series 
of 32 patients treated with HDR-BT after TRT. 
Seventeen of these patients had LRR at mean inter-
val of 6 months after TRT and a median prior dose 
of TRT of 5,000 cGy (range 4,000–5,000 cGy). The 
HDR-BT dose was 400 cGy to 500 cGy per fraction 
prescribed to 1 cm from the source and delivered in 3 
or 4 weekly fractions. For locally recurrent patients, 
the median follow-up after brachytherapy was 
8 months, and the median survival was 7.5 months. 
All of the patients had a symptomatic response, and 
70% had local control at 6 months. Complications 
were described as minimal, and there were no cases 
of hemorrhage or fistula.

Ornadel et al. (39) reported a large prospective 
series from England. A total of 117 patients were treated 
between 1991 and 1995, and, of these, 109 had lung 
cancer. Prior treatment included TRT in 92 patients 
and laser ablation in 51 patients. The HDR-BT was 
delivered as a single fraction of 1,500 cGy prescribed 
to 1 cm from the source. Three patients received 
two HDR-BT treatments at intervals of 1, 6, and 14 

months. One patient received three treatments sepa-
rated by 3 and 4 months. The median survival was 12 
months. Hemoptysis was palliated in approximately 
90% of patients, and cough and dyspnea improved in 
approximately one-half of the patients. Patients with 
greater initial dyspnea scores were more likely to die 
within 2 months of treatment. Eleven patients suf-
fered fatal hemoptysis, with an actuarial risk of 11% 
at 1 year and 20% at 2 years. Prior laser therapy was 
significantly associated with this complication.

A prospective trial of HDR-BT for persistence 
or recurrence of endobronchial disease after TRT 
was reported from Canada (40). Hernandez et al. 
studied 29 patients treated between 1992 and 1994. 
Four patients had small cell histology. The median 
interval from TRT to HDR-BT was 12.9 months 
(range 1–21.3 months). Three patients underwent 
laser debulking of tumor at least 4 weeks prior to 
brachytherapy. The mean single fraction dose was 
805 cGy (range 750–1,000 cGy) prescribed to a 
depth of 1 cm from the source. Twenty-six of the 
patients completed the planned 3 fractions delivered 
at 2-week intervals. The median survival from study 
entry was 5.5 months. Of the patients who under-
went repeat bronchoscopy, 11 patients (42%) had 
improvement in bronchial obstruction, and only two 
patients (8%) had progression of disease. Hemoptysis 
was improved in 69% of patients. One patient devel-
oped nonfatal, massive hemoptysis that occurred 
within 2 hours of brachytherapy.

The 10-year experience of M.D. Anderson Cancer 
Center using HDR-BT for patients with relapsed or 
persistent endobronchial lung cancer was reported by 
Kelly and colleagues (41) in 2000. The series included 
175 patients treated between 1988 and 1997, and 160 
of these patients had previously received TRT. A sub-
set of these patients had been previously reported by 
Delclos et al. (42) Most of the patients had NSCLC, 
but 5% of the patients had small cell histology. Most 
of the patients were treated with 1,500 cGy per frac-
tion prescribed to a distance of 6 mm from the source 
and received 2-weekly fractions. This dose was calcu-
lated to be approximately 840 cGy at 1 cm from the 
source. Twenty patients received laser ablation, and 
17 patients had chemotherapy. The median survival 
was 6 months. An objective response rate was 78% on 
the basis of repeat bronchoscopy. Symptom improve-
ment was observed in 66% of patients. The mean 
duration of response was 3.8 months. Patients who 
had a symptomatic response had a median survival of 
7 months compared with only 4 months in patients 
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without a response (P = .0032). The actuarial risk of 
complications at 1 year was 13%. Eight patients died 
from massive hemoptysis with a 1-year actuarial risk 
of 9%. However, only three patients were deemed to 
have died as a direct result of the brachytherapy.

Several additional studies report novel 
approaches to the incorporation of HDR-BT into 
patient management (Table 3). Allison et al. (43) 
describe a small series of 10 patients treated with a 
combination HDR-BT and stent placement as pal-
liation for LRR of NSCLC after chemotherapy and 
TRT. Most of the patients were significantly short of 
breath and required oxygen for endobronchial dis-
ease. All of the patients had systemic progression in 
addition to LRR. Treatment consisted of bronchos-
copy with placement of a metallic stent followed by 
HDR-BT to a dose per fraction of 600 cGy prescribed 
to a depth of 5 mm from the source over 3-weekly 
fractions. Each patient experienced symptomatic 
relief after the stent placement and first brachytherapy 
fraction. Follow-up bronchoscopy showed complete 
response in all patients. The median survival was 10.5 
months (range 4–18 months). All of the patients died 
from systemic tumor progression without local pro-
gression. No significant complications were reported 
in this series, which is likely related to the relatively 
low-dose regimen.

The most recent publication is a series from 
Poland evaluating the use of HDR-BT in cases of 
LRR after prior brachytherapy (44). Kubaszewska 
and colleagues describe 270 patients treated between 
2000 and 2005. Small cell histology comprised 

4.8% of patients. All of the patients had previously 
been treated with HDR-BT, but 37 patients had not 
received prior TRT. All of the patients had sympto-
matic endobronchial recurrence. At the time of repeat 
brachytherapy, 65 patients were treated with TRT, 42 
patients were treated with TRT and chemotherapy, 
and 37 patients were treated with chemotherapy. For 
the initial HDR-BT treatment, 172 patients received 
a dose of 750 cGy per fraction for three fractions, 
and 98 patients received a single fraction dose of 
1,000 cGy. For the repeat HDR-BT, single fraction 
doses of 800 cGy or 1000 cGy were prescribed to a 
depth of 5–10 mm from the source. Two hundred 
and twenty patients (81.5%) received a single repeat 
treatment, but the remaining patients received an 
additional two to four fractions. For the 218 patients 
who underwent follow-up bronchoscopy, the over-
all response rate was 80%. Palliative response was 
evaluated by individual symptom. As in earlier stud-
ies, hemoptysis was effectively treated with a 92% 
response rate. Cough, dyspnea, and postobstruc-
tive pneumonia also demonstrated approximately 
80% response rate. However, approximately 10% of 
patients had progression of cough and dyspnea. The 
median duration of palliation was 5 months, and sur-
vival was not reported. No patient was determined to 
have died from the treatment, but 166 patients devel-
oped superficial mucosal necrosis and six patients 
developed an esophageal fistula. The authors describe 
tumor location in trachea or main stem bronchus and 
prior radiation dose as risk factors for complication, 
but additional details were not provided.

TABLE 3 High dose rate brachytherapy—special case series

1st Author 
(Ref)

Study  
Design

Number of 
Patients

 
Dose (Gy)

Number of 
Fractions

Median Survival 
(Months)

 
Outcome

Allison (43) HDR + Stent 10 6 3 10.5 Palliation achieved in 
100%; No severe toxicity 
reported

Kubaszewska 
(44)

Repeat HDR 270 8–10 1–4 Not reported Palliation achieved in 80%; 
Superficial necrosis (61.5%); 
esophageal fistula (2.2%)

Chella (45) Laser +/− HDR 29 5 3 7.4 vs. 10.5  
(P = NS)

Duration of palliation 2.5 
vs. 8.5 months (P < .05) in 
favor of Laser + HDR

Freitag (46) 
 

PDT + HDR 
 

32 
 

4 
 

5 
 

Not reached 
 

Palliation achieved in 31/32 
patients; No severe toxicity 
reported

HDR = High dose rate brachytherapy; NS = non-significant; PDT = photodynamic therapy
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Chella et al. (45) reported a prospective rand-
omized trial of Nd-YAG laser alone or combined with 
HDR brachytherapy. Eligibility criteria included 
non–small cell histology, central airway involvement 
not amenable to additional surgery, prior TRT or 
chemotherapy, life expectancy of at least 2 months, 
and World Health Organization (WHO) perform-
ance status 0–2. Between 1995 and 1998, 29 patients 
were randomized either to laser debulking alone or 
to laser debulking followed by HDR-BT 15–18 days 
later. The dose of brachytherapy was 500 cGy per 
fraction prescribed to 5 mm from the source deliv-
ered for 3-weekly fractions. The median follow-up 
was 17.8 months, and the median survival was 9.2 
months. Although the median survival for the 
HDR-BT group was 10.3 months compared to 7.4 
months for the laser only group, this difference did 
not reach statistical difference. Laser ablation palli-
ated all patients with hemoptysis and stridor, 76% 
of patients with dyspnea, and 48% of patients with 
cough. The duration of the symptom-free period was 
significantly longer for the patients who underwent 
HDR-BT (8.5 months vs. 2.8 months, P < .05). This 
finding correlated with significantly fewer additional 
endoscopic treatments and decreased overall costs 
for patients in the HDR-BT group. One patient died 
of massive hemoptysis 12 months after combined 
treatment, but this was deemed to be secondary to 
documented endobronchial recurrence. Morbidity 
was low and not significantly different between the 
treatment groups. Grade 2 bronchitis was observed 
in five patients, and grade 3 bronchitis developed in 
one patient requiring a dilatation.

Photodynamic therapy (PDT) has been pro-
posed as a possible alternative to laser resection of 
endobronchial disease. Freitag et al. (46) conducted 
a prospective trial of combined PDT and HDR-BT. 
Between 1995 and 1998, 32 patients were enrolled 
who had NSCLC that was technically unresectable, 
limited to the bronchial wall, and without metastatic 
disease. Seventeen of these patients had recurrent 
disease. One or two courses of PDT were delivered 
48 hours apart. Repeat bronchoscopy for biopsy and 
HDR-BT was then performed 5 to 6 weeks after PDT. 
The HDR-BT dose was 400 cGy per fraction pre-
scribed to 1 cm from the source repeated for 5-weekly 
intervals to a total dose of 2,000 cGy. A complete 
response was achieved in 75% of cases after the PDT, 
and in 31 of 32 patients after HDR-BT. With a mean 
follow-up of 24 months, all of the patients were still 
alive, and 26 patients had no residual or recurrent 

disease. No significant toxicities were observed, and 
there were no cases of massive hemoptysis or fistula 
formation.

Brachytherapy is generally not used as a poten-
tially curative option for lung cancers. However, it 
does have a potential role in the palliation of endo-
bronchial lesions. The reports of fatal hemoptysis 
after brachytherapy have dampened enthusiasm for 
this particular modality.

Repeat External Beam Irradiation for  
Local Recurrence

A second course of TRT can be contemplated for 
patients who have already been treated with TRT 
and present with LRR extrinsic to the airways. 
The decision to treat a patient with a repeat TRT is 
always a difficult one. First, consideration must be 
given to the chances of success for a treatment that 
was already proven to have failed once. Normal tissue 
toxicity also must be considered much more carefully 
than in the newly diagnosed patient or the postsur-
gical recurrent patient. Neurologic, pulmonary, car-
diac, esophageal, and osseous toxicities (both acute 
and late) all can have significant impact on patients’ 
survival and quality of life. Patients with LRR after 
prior TRT for lung cancer clearly have a very poor 
prognosis, but they also may not have other treat-
ment options. A patterns of care study of Canadian 
radiation oncologists surveyed attitudes toward reir-
radiation (47). Approximately one-half of physicians 
surveyed expressed a general interest in reirradiation, 
and 65% responded that they would offer reirradia-
tion to patients with NSCLC. The most commonly 
used fractionation schemes were between 3,000 cGy 
and 3,600 cGy in 10 to 15 fractions.

Several reports in the literature support the 
efficacy and safety of reirradiation in this setting 
(Table 4). Green and Melbye (48) were the first to 
report their experiences with retreatment for lung 
cancer. These authors treated 774 patients with 
TRT either as primary treatment or as adjuvant 
postoperative treatment between 1963 and 1980. 
A second course of TRT was undertaken for 29 
patients. The initial course of radiation was as pri-
mary treatment for 15 patients, as salvage treatment 
for LRR after surgery for 11 patients, and as adju-
vant postoperative treatment for 3 patients. All of 
the tumors were felt to have a favorable response 
to the first course of TRT. The median initial dose 
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was 5,300 cGy, and the median retreatment dose 
was 3,500 cGy. Six patients received <2,000 cGy, 
and four patients received >5,000 cGy. One patient 
received three courses of TRT to a total combined 
dose of 16,600 cGy. The average combined doses of 
initial and retreatment courses were 8,200 cGy, and 
23 patients received >7,000 cGy. Two of the patients 
had small cell histology. Only six patients received 
chemotherapy after the second course of TRT. The 
median time to initial recurrence was 10 months. 
The median relapse-free interval and the median 
survival after retreatment were 5 months. Patients 
with good performance status prior to retreatment 
had a median survival of 8 months compared to 
only 1 month survival for poor performance status 
patients. Tumor response was observed in about 
three-fourths of evaluable patients, and symptoms 
improved in approximately one-half of the patients. 
The patient treated with three courses of TRT was 
alive at the time of reporting and disease-free more 
than 54 months after original diagnosis. The only 
complication reported in this patient was rib frac-
ture. One other patient developed symptomatic but 
transient pneumonitis.

Jackson and Ball (49) described an Australian 
experience of repeat TRT for 22 patients with 
NSCLC between 1981 and 1985. All of the patients 
were symptomatic, and one of the patients was 
retreated twice. The median interval between first 

and second courses of TRT was 15 months (range 
5.7–48.5 months). The median follow-up time from 
retreatment was 5.3 months. Median dose at retreat-
ment was 3,000 cGy in standard fractionation, and 
median cumulative dose was 8,500 cGy. No spe-
cific dose limit was assigned to the spinal cord, and 
the median dose to the cord was 5,700 cGy (range 
 3,000 –7,900 cGy). The median survival from the 
second course of TRT was 5.4 months, and only one 
patient was alive at 2 years. Symptomatic improve-
ment was observed in 12 patients (52%). There were 
no cases of symptomatic pneumonitis. One patient 
developed radiation myelopathy. This patient 
received an estimated 4,300 cGy to the spinal cord 
during the first course of TRT for a Pancoast tumor. 
Retreatment was performed approximately 2 years 
later for relapse in the ipsilateral supraclavicular fossa. 
The spinal cord was excluded from the reirradiation 
field, and the cord was calculated to receive only 
an additional 300 cGy in scatter dose. Myelopathy 
developed only 3 months later. Although tumor pro-
gression could have been the cause of these symp-
toms, a myelogram did not show cord compression. 
Therefore, a diagnosis of radiation myelopathy was 
favored, but it was thought that this was an idiosyn-
cratic occurrence secondary to the original course of 
radiation rather than a direct result of retreatment. 
One other patient had a second retreatment of 3,000 
cGy for a total dose of 12,000 cGy. Symptomatic 

TABLE 4 Reirradiation after prior thoracic radiation

 
1st Author 
(Ref)

 
Number of 

Patients 

 
Median Initial 

Dose (Gy)

Median 
Reirradiation 

Dose (Gy)

 
Median Survival 

(months)

 
Symptom 
relief (%)

 
Toxicity (most 
severe)

Green (46) 29 53 35 5.0 48 Rib fracture; Gr 2 
pneumonitis

Jackson (49) 22 55 30 5.4 52 Myelopathy 
Montebello (50) 30 60 30 5.0 70 Gr 2 pneumonitis
Gressen (51) 23 59 30 4.9 64–83 Gr 5 pneumonitis
Okamoto (52) 34 60 50 8.0 75 Gr 3 pneumonitis
Tada (53) 19 50–69.6 50 7.1 88 Gr 3 pneumonitis
Ebara (54) 44 60 40 6.5 74 Gr 3 pneumonitis
Cetingoz (55) 38 30 25 3.5 73 Gr 3 Esophagitis
Wua (56) 28 66 51 14 NR Gr 3 pulmonary 

fibrosis
Kramera (57) 28 36–60 16 5.6 71 Fistula
Poltinnikov (58) 17 52 32 5.5 85% Gr 2 pneumonitis

Gr = grade. 
aProspective trial.
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improvement of bronchial obstruction after both the 
second and third courses of TRT was observed with-
out apparent complication.

Montebello and colleagues (50) reported ano-
ther series of 30 patients treated between 1984 and 
1990. Most of the patients (74%) initially had stage 
III disease, and 25 patients had central tumors. One 
patient had small cell histology. A variety of dosing 
regimens were used for the initial treatment from 
2,800 cGy over 2 weeks to 6,660 cGy over 6 weeks. 
The median retreatment dose was 3,030 cGy with a 
range of 1,980 cGy over 2 weeks to 5,600 cGy over 
4 weeks. Daily fraction size varied from 180 cGy to 
400 cGy. The spinal cord was excluded from the field 
in all retreatment cases. Following retreatment, the 
median survival was 5 months. Patients with initial 
stage I or II disease had a statistically better survival 
rate than patients with initial stage III disease. Of the 
27 symptomatic patients, 19 (70%) had improvement 
after retreatment. Consistent of lower total doses at 
retreatment, the acute toxicity was low. Only one 
patient developed a self-limited pneumonitis, and 
no patients were observed with more severe toxicity. 
Two patients were treated with three courses of TRT. 
One of the two patients experienced good palliation, 
and neither developed significant treatment-related 
morbidity.

A retrospective series from Thomas Jefferson 
University by Gressen and colleagues (51) described 
23 patients retreated with TRT between 1982 and 
1997. The majority of patients in this series received 
induction or concurrent chemotherapy together with 
reirradiation. Two patients had small cell histology. 
The median interval between courses of TRT was 15 
months (range 3–156 months). The median retreat-
ment dose was 3,000 cGy, and the median cumula-
tive dose was 8,600 cGy. Two patients received addi-
tional endobronchial brachytherapy. The median 
survival after retreatment was 4.9 months, and three 
patients survived more than 15 months. An increased 
time interval between first and second course of TRT 
did not appear to influence survival. Hemoptysis 
and pain were successfully palliated by retreatment 
in almost all of the patients. Approximately two-
thirds of patients with cough or dyspnea experienced 
symptomatic relief after repeat TRT. One patient 
died either due to disease progression or due to acute 
pneumonitis. This patient had received both concur-
rent and postradiation chemotherapy.

Okamoto et al. (52) report a Japanese experi-
ence of retreating 34 patients between 1979 and 

2000. Twenty-four patients had been treated initially 
with definitive TRT, six patients had been treated 
with preoperative or postoperative adjuvant TRT, 
and four patients had been treated for recurrence 
after primary surgery. Six patients had small cell 
histology. At the time of reirradiation, 19 patients 
were stage III and 13 patients were stage IV. The 
dose of TRT for the initial courses varied between 
3,000 cGy and 7,000 cGy. Patients who were asymp-
tomatic at the time of relapse were treated with radi-
cal doses of between 5,000 cGy and 7,000 cGy, but 
the doses for symptomatic patients were titrated to 
achieve palliative relief. The median cumulative dose 
was 12,000 cGy for radical treatment and 9,100 cGy 
for symptomatic treatment. The median cumulative 
spinal cord dose was 5,200 cGy, and one sympto-
matic patient received a cumulative spinal cord dose 
of 10,300 cGy. The median interval between courses 
of TRT was 23 months (range 5–87 months). 
Chemotherapy was combined with retreatment 
either neoadjuvantly in 11 patients or concurrently 
in five patients. The median survival after retreat-
ment was 8 months, and 2-year survival was 27%. 
For the subgroup of patients retreated with curative 
intent, the median survival was 15 months and 51% 
at 2 years. Symptomatic improvement was observed 
in 75% of patients. Pneumonitis was a more frequent 
complication in this patient cohort than reported in 
other series. After initial radiation, grade 2 and grade 
3 pneumonitis occurred in seven and four patients, 
respectively. After repeat TRT, grade 2 and grade 3 
pneumonitis occurred in twelve and seven patients, 
respectively. Only two patients developed grade 3 
esophagitis. One patient developed radiation mye-
lopathy, but this was attributed to the initial course 
of TRT in which the spinal cord received a dose of 
greater than 6,000 cGy. No cases of radiation mye-
lopathy were attributed to the reirradiation, and no 
other serious delayed complications were reported. 
Six patients were long-term survivors from 20 to 58 
months after retreatment.

A second, smaller series was reported by Tada 
and colleagues (53) from Osaka, Japan. They included 
19 patients who all had initial stage III disease and 
were treated between 1992 and 2002. All of the 
patients had NSCLC and were treated with initial 
TRT doses from 5,000 cGy to 6,960 cGy. Seventeen 
patients had been treated with sequential or concur-
rent chemotherapy as part of initial therapy, but only 
one patient received concurrent chemotherapy at the 
time of reirradiation. The median interval between 
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courses of TRT was 16 months (range 5–60 months). 
Reirradiation dose was delivered with standard frac-
tionation to a dose of 5,000 cGy for 18 patients and 
6,000 cGy for 1 patient. The spinal cord was not 
included in the reirradiation field. The median sur-
vival was 7.1 months, and the 2-year survival was 
11%. Five patients did not complete the full course of 
repeat TRT. Improved survival was associated with 
better performance status, and the median survival 
for patients with performance status 0–1 was 12.6 
months. Improved survival also was associated with 
a longer disease-free interval from initial treatment. 
Patients with >18 months between courses of TRT 
had a median survival of 11.5 months, while patients 
with <12 months interval had a median survival of 
only 2.1 months. The response rate was 43% among 
patients who completed full dose reirradiation, and 
seven of eight patients were successfully palliated 
by repeat TRT. Only one patient developed grade 
3 pneumonitis.

A third, more recent paper from Japan reported 
the largest case series to date. Ebara et al. (54) describe 
44 patients treated between 1990 and 2004. The 
cohort was generally high functioning prior to reir-
radiation with 38 patients ECOG PS 0–1. Histology 
was small cell in nine patients. The median time 
between courses of TRT was 12.6 months (range 
5.8–47.2 months). Radiation fields were defined 
conventionally using an x-ray simulator. The median 
dose was 6,000 cGy for initial TRT and was 4,000 
cGy for repeat TRT. The median cumulative dose 
was 10,200 cGy with a range of 8,000 to 13,000 
cGy. Chemotherapy was used during the initial ther-
apy for 25 patients and during the reirradiation for 
16 patients. The median survival of the whole group 
was 6.5 months. When only patients with local dis-
ease were analyzed, median survival was 7.1 months, 
and 2-year survival was 31.3%. Symptoms were 
well controlled, and 74% of all symptoms resolved 
or improved with repeat TRT. Similar to the find-
ings from Gressen et al. (51), hemoptysis and pain 
were more readily controlled than cough and dysp-
nea. Grade 2 and 3 pneumonitis each was observed 
in three patients within 3 months of reirradiation. 
However, no other severe toxicities were documented 
with a median follow-up of 6.5 months.

The most recent study on reirradiation has 
been reported by Cetingoz and colleagues (55) from 
Turkey. The authors describe 38 patients who under-
went repeat TRT between 1992 and 2006. All of the 
patients initially had nonmetastatic NSCLC, and 

all but two patients were stage III. Nevertheless, the 
intent of initial treatment was palliative in 84% of 
patients. Doses of initial TRT ranged between 2,880 
cGy and 6,720 cGy (median 3,000 cGy) and deliv-
ered in 200 to 320 cGy fractions. The median interval 
between courses of TRT was 35 weeks (range 4–189 
weeks). At the time of reirradiation, all of the patients 
had documented radiological progression, six patients 
had evidence of DM, and 36 patients were sympto-
matic. The intent of repeat TRT was palliative in 
all of the patients. The median dose was 2,500 cGy 
(range 500–3,000 cGy), and the median fraction size 
was 300 cGy (range 200–1,000 cGy). Nine patients 
received chemotherapy prior to reirradiation, and 
one patient received chemotherapy concurrently with 
reirradiation. The median survival was 3 months, and 
only one patient was alive beyond 2 years. An interval 
free from local recurrence of greater than 35 weeks 
was the only significant prognostic factor for sur-
vival on univariate and multivariate analysis. Partial 
or complete symptomatic response was observed in 
78% of patients and was seen at higher frequency in 
patients with central tumors compared with periph-
eral tumors (90% vs. 75%, P = .01). Toxicity was not 
described in great detail in this series. There was one 
case of acute grade 3 esophagitis, but no reported late 
grade 3 or 4 cases of pneumonitis. The rate of grade 2 
pneumonitis was not reported.

Two prospective series of repeat TRT for lung 
cancer are reported in the literature. Wu et al. (56) 
conducted a Chinese phase 1–2 trial using 3D-con-
formal techniques. Eligibility criteria included 
Karnofsky Performance Status (KPS) of at least 70 
and an interval between TRT courses of 6 months 
or greater. Between 1999 and 2001, 23 patients were 
enrolled in the study. Six patients had initially been 
treated with palliative intent. Seven patients had small 
cell histology. The median dose delivered for the first 
course of TRT was 6,600 cGy (range 3,000–7,800 
cGy). The median dose delivered for reirradiation was 
5,100 cGy (range 4,600–6,000 cGy) and delivered 
using conventional fractionation. The dose to the spi-
nal cord was restricted to less than 2,500 cGy at the 
second course of TRT. The median interval between 
courses of TRT was 13 months (range 6–42 months). 
The number of patients receiving chemotherapy was 
not directly stated, but the median number of chem-
otherapy cycles was one. No acute grade 3 or greater 
toxicity was observed, but 22% of patients developed 
grade 2 pneumonitis. With a median follow-up of 
15 months, the median survival was 14 months, and 
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2-year survival was 21%. Seven patients were still 
alive at the last follow-up, and five were disease-free. 
Two patients developed symptomatic late pulmonary 
fibrosis. No data regarding palliation of symptoms 
were provided in this report.

Kramer et al. (57) reported a second prospec-
tive trial from Europe in which they specifically 
investigated a hypofractionated treatment regimen 
of 1,600 cGy in two 800 cGy fractions separated by 
1 week. Between 1991 and 1999, 28 patients with 
NSCLC were enrolled on the protocol. Initial TRT 
doses ranged from 3,600 cGy to 6,000 cGy. The spi-
nal cord was excluded in the reirradiation plans, and 
the dose to the contralateral lung was minimized. 
The median survival was 5.6 months, and only three 
patients remained alive at 1 year postreirradiation. 
All of these patients had a recurrence-free inter-
val of greater than 1 year between courses of TRT. 
Improvement in symptoms was achieved in 71% of 
patients. Superior vena cava syndrome and hemop-
tysis were successfully palliated in all symptomatic 
patients. The authors emphasized that palliation 
of symptoms was achieved for greater than 50% of 
the patient’s remaining lifespan in 22 of 25 cases. 
One patient developed grade 2 esophagitis. One 
treatment-related death occurred from bronchop-
ulmonary fistula. This patient suffered from recur-
rent hemoptysis and had been initially treated with 
brachytherapy, then 8 months later with repeat TRT 
on the protocol, and then 2 months later with laser 
vaporization.

Stereotactic body radiotherapy has become an 
exciting technique that offers the possibility of safely 
delivering radiobiologically potent high doses per 
fraction. Tumor targeting is maximized and toxicity 
is limited by utilizing new delivery systems and image 
guidance. Only one report has specifically addressed 
using SBRT techniques to deliver repeat TRT for 
NSCLC. Poltinnikov et al. (58) report the Thomas 
Jefferson University early experience with 17 patients 
treated with stereotactic techniques between 1999 
and 2003. All of the patients had been treated with at 
least 5,000 cGy and concurrent chemotherapy dur-
ing their initial treatment course. Concurrent chem-
otherapy was delivered in five patients at the time 
of reirradiation. The median time interval between 
courses of TRT was 13 months (range 2–39 months). 
Margins from the gross tumor volume (GTV) to 
the planning treatment volume (PTV) were kept 
to 5 mm, and daily pretreatment CT was done for 
image-guidance. The median dose was 3,200 cGy 

delivered in 400 cGy fractions prescribed to the 90% 
isodose line. The median survival time from reirradia-
tion was 5.5 months (range 2.5–30 months), and one 
patient was alive and disease-free for 2.5 years after 
completion of a second course of SBRT reirradiation. 
Of the 13 patients who presented with symptoms, 11 
had partial or complete symptom relief. All of these 
patients had pain and/or dyspnea. Only one patient 
developed grade 2 pneumonitis, and this patient had 
previously undergone a pneumonectomy. No grade 3 
or higher toxicities were observed.

C O N C LU S I O N ■

Although DM is the dominant pattern of failure 
in lung cancer, LRR occurs frequently and is often 
symptomatic. The use of immediate postoperative 
adjuvant TRT remains controversial. The risks of 
adjuvant therapy appear to outweigh the benefits in 
early-stage disease with N0 or N1 lymph node status. 
However, for patients with N2 disease, the risk of 
LRR is significant and current evidence provides sup-
port for postoperative TRT in selected cases. Trials 
are planned to more definitively address the role of 
adjuvant radiotherapy for resected N2 patients. If 
TRT is not used initially and LRR develops after 
primary surgery, TRT is the standard treatment. In 
selected patients, especially with bronchial stump 
recurrence, radical treatment with curative radia-
tion doses is indicated and can result in long-term 
survival. Indeed, several studies found that patients 
treated with aggressive salvage TRT have comparable 
survival to those unresectable patients treated with 
primary TRT. In the setting of endobronchial dis-
ease, HDR-BT is a reasonable treatment option and 
multiple studies support its use either alone or in com-
bination with laser resection. Initial concerns of seri-
ous complications such as massive hemoptysis have 
limited the enthusiasm for its use but have not con-
sistently been reported in modern studies. However, 
care should be taken with tumors in the mainstem 
or upper lobe bronchi. Even when recurrences occur 
after prior TRT, reirradiation with either external 
beam TRT or HDR-BT can provide symptomatic 
relief and improve quality of life. Despite concerns 
over the potential toxicity of reirradiation, the short-
term palliative benefits appear to outweigh the risks 
of delayed morbidity in this population of patients 
with very limited survival. Consistent with this belief, 
several studies of repeat TRT have demonstrated 
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acceptable rates of toxicity. Undoubtedly, systemic 
therapy is a critical component in the successful 
therapy of locally recurrent lung cancer in a man-
ner analogous to its role in locally advanced non–
small cell lung cancer. However, radiotherapy should 
continue to be used in patients with recurrences 
that are limited to the chest in which case salvage 
therapy could be considered potentially curative and 
in patients with more extenisve disease who require 
radiotherapy for palliation.
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I n t ro d u c t I o n ■

Lung cancer continues to be a substantial health care 
problem with an estimated 219,440 newly diagnosed 
men and women and an estimated 159,390 patients 
dying of the disease in 2009, based on statistics 
from the National Cancer Institute Surveillance 
Epidemiology and End Results (SEER) program 
(1). Surgical resection for non–small cell lung can-
cer (NSCLC) remains the best chance for cure. If 
the tumor is unresectable, chemotherapy and/or 
radiation therapy are used, either as a neoadjuvant 
approach to achieve resectability of the tumor, or as a 
definite treatment (2,3).

For surgically resected NSCLC, the pathologic 
tumor node metastases (TNM) stage is the most 
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Pathology and Natural History: In the United States and worldwide, non–small cell lung cancer is the leading 
cause of cancer-related death. Surgical resection is currently the most effective treatment for localized tumors, and 
the only treatment approach with significant cure rates.
Staging: Thorough preoperative staging is essential for any treatment approach. For surgical resection, patients 
need to be carefully selected with respect to potential operative risk factors on the basis of underlying comorbidities. 
Minimally invasive approaches to lung resection have the potential for offering curative surgery to patients unable 
to tolerate standard open thoracotomy.

important prognostic factor. The histologic cell type 
seems to be less important, according to an analysis 
of 9,137 surgically managed cases selected from the 
international staging database of the International 
Association for the Study of Lung Cancer (IASLC) 
(3). The IASLC proposed a revision of the current 
TNM classification system in 2008 and developed the 
forthcoming 7th edition of the International Union 
Against Cancer and American Joint Committee on 
Cancer TNM Classification of Malignant Tumors 
based on the international staging database of 67,725 
cases of NSCLC (4).

The overall 5-year survival in surgically man-
aged patients according to the forthcoming TNM 
classification system is illustrated in Table 1.

P r e o P e r At I v e s tAg I n g I n n s c lc ■

Thorough clinical staging is essential in patients 
with NSCLC. It is the foundation of appropriate 
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treatment for the individual patient by surgical and/
or nonsurgical options. Various staging modali-
ties are currently used in clinical practice, includ-
ing both invasive and noninvasive techniques. In 
many instances these approaches complement one 
another.

Noninvasive Techniques

A computed tomography (CT) scan is commonly 
obtained as a baseline evaluation of the clini-
cal T-status, assessing the location and size of the 
tumor as well as potential chest wall or great vessel 
involvement. It is furthermore a helpful tool to eval-
uate the mediastinal lymph nodes and extrathoracic 
structures (N- and M-status) for potential meta-
static disease. For the latter purpose, however, supe-
rior techniques have become available in the past 
years. Preoperative whole-body positron emission 
tomography with computed tomography (PET-CT) 
has become a mainstay of preoperative staging in 
NSCLC to identify patients with mediastinal and 
extrathoracic  disease (5,6).

When PET scans are obtained for extrathoracic 
staging, specific imaging of the brain is not routinely 
obtained by most surgeons for early-stage disease 
unless medical history and/or physical examination 
of the patient suggest potential metastatic involve-
ment. Typically PET scanning or a combination of 
CT scan of the abdomen with bone scan and/or brain 
imaging are used in most major North American 
centers.

Invasive Techniques

A bronchoscopy can be obtained either within the 
scope of preoperative staging or at the time of surgery 
for an assessment of the airway for potential tumor 

involvement. The current gold standard for medias-
tinal staging is surgical cervical mediastinoscopy. 
Endobronchial ultrasound (EBUS) and transesoph-
ageal endoscopic ultrasound (EUS) are novel tech-
nologies playing an enlarging role in mediastinal 
staging for NSCLC. They offer the opportunity to 
biopsy enlarged lymph nodes suspicious of meta-
static involvement prior to surgery, including lymph 
nodes in the aortopulmonary window commonly 
not accessible by mediastinoscopy. These less inva-
sive techniques have shown reasonable sensitivity, 
however, in some cases: inferior negative predictive 
values compared with surgical cervical mediastinos-
copy (7).

o P e r At I v e  r I s k  s t r At I f I c At I o n ■

In addition to preoperative staging, an evaluation of 
the overall health status of the patient is necessary to 
determine whether the patient is a suitable operative 
candidate. With mortality ranging between 2% and 
20% and morbidity rates as high as 40% depending 
on the extent of resection, proper case selection and 
careful pre- and perioperative management are essen-
tial to minimize complications.

Even though postoperative complications, par-
ticularly pulmonary and cardiovascular complica-
tions, occur more frequently in older patients com-
pared with the younger population, surgical resection 
is still a feasible and safe procedure associated with a 
reasonable quality of life if patients are selected care-
fully (8–11). The smoking status of the patient should 
be obtained and smoking cessation programs offered 
for active smokers at the time of their diagnosis. 
Patients who experience angina pectoris or similar 
symptoms in the past or those with known under-
lying cardiovascular disease should be risk-stratified 
by functional tests to evaluate whether the patient 
may tolerate general anesthesia and an extensive sur-
gical procedure.

Pulmonary Function Tests with vital cap-
acity (VC), forced expiratory volume in one sec ond 
(FEV1) and Carbon Monoxide Diffusion Capacity 
(DLCO) are obtained preoperatively to evaluate the 
extent of surgical resection the patient might toler-
ate. According to recently published guidelines by 
the European Society of Thoracic Surgeons (ESTS) 
and the European Respiratory Society (ERS) patients 
with FEV1 and DLCO of below 80% should undergo 

Table 1 Survival in surgically resected NSCLC (3)

Stage (7th Ed.) Overall 5-year survival rate (%)

IA 66
IB 56
IIA 43
IIB 35
IIIA 23
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formal cardiopulmonary exercise testing with peak 
VO2 measurements, and FEV1- and DLCO- values 
of less than 30% predicated as being high-risk indi-
cators (12). In these patients it may be advantageous 
to undergo preoperative pulmonary rehabilitation as 
an attempt to improve pulmonary function.

s u rg I c A l A P P roAc h e s ■

Surgical resection of NSCLC traditionally has been 
performed by means of an open thoracotomy. For 
early stage lung cancer, lobectomy is the preferred 
method of resection with a posterolateral incision 
to enter the pleural space being regarded as the gold 
standard.

In cases of locally advanced disease, more cen-
trally located tumors may require a bilobectomy, 
sleeve lobectomy, or even pneumonectomy. The first 
successful one-stage pneumonectomy for lung can-
cer was performed in 1933, and rapidly this became 
the procedure of choice for resectable lung cancer. 
Frequency of pneumonectomies has declined over 
the past years, however, and it is now reserved for 
tumors unresectable by less invasive approaches such 
as lobectomy or sleeve lobectomy.

A less extensive surgical resection is the ana-
tomic segmental resection, which is defined as the 
removal of one or more bronchopulmonary segments 
of an individual lobe through ligation and division 
of bronchovascular structures. This is distinct from 
a limited pulmonary resection or a  so-called wedge 
resection, where portions of lobes are excised by cau-
tery, stapling devises, or laser ablation. Originally 
it was described as a technique to resect irreversibly 
damaged lung tissue, such as in bronchiectasis, yet 
preserving functioning lung parenchyma. Its imple-
mentation for patients with lung cancer is controver-
sial, as discussed in more detail below. A limited pul-
monary resection (wedge resection) is typically used 
for excisional biopsies of indeterminate lesions. For 
lung cancer, careful patient selection is required as 
this type of resection should be limited to patients 
with severely compromised pulmonary function not 
tolerating lobectomy or segmental resection.

In the past years minimally invasive approaches 
have emerged for segmental and wedge resections as 
well as for lobectomies, in an attempt to reduce the 
associated morbidity of the procedure and hence pro-
viding patients with a better quality of life.

Minimally Invasive Surgery

Video-assisted thoracoscopic surgery (VATS) as a 
minimal invasive oncologic surgical procedure has 
been introduced at the beginning of this century, 
followed by robot-assisted surgery in recent years. 
The role of minimally invasive surgery as a tool for 
surgical thoracic oncology has been subject to much 
debate in past years. The main concern with mini-
mally invasive approaches to date has been the ability 
to demonstrate equivalent oncologic results as that 
achieved by conventional open thoracotomy. One 
possibility that exists is the potential for an inade-
quate lymph node dissection at operation, leading to 
an understaging of patients in comparison to conven-
tional open thoracotomy techniques. Another point 
of criticism is that a thorough bimanual lung palpa-
tion possible during open thoracotomy to rule out 
further lung nodules is not feasible via the minimally 
invasive VATS or robotic approach.

Advocates of the minimally invasive approach 
point out that, in comparison with the open 
approach, minimally invasive lobectomies have the 
potential advantage of decreased postoperative pain 
and a shorter hospital length of stay (13–15). Other 
proposed advantages of a thoracoscopic approach 
include decreased blood loss, fewer postoperative 
complications, preserved pulmonary function, 
decreased inflammatory response, and a more rapid 
return to preoperative activity (16–21). A potential 
shorter postoperative recovery time may allow adju-
vant treatment application at a shorter postoperative 
interval with better compliance and treatment com-
pletion rates, if adjuvant chemo- or radiation therapy 
is indicated (22,23).

Furthermore, there is a need for technological 
advances to permit surgery with enhanced safety in 
an increasingly elderly population (24,25) due to a 
rising percentage of the elderly in our society with 
an ever-increasing life expectancy (26). According to 
the SEER database of the National Cancer Institute, 
the median age at diagnosis of lung cancer between 
2002 and 2006 was 71 years of age. Of the patients, 
29.1% were between 75 and 84, while 7.7% were 
over 85 years old (1). Cattaneo and colleagues (14) 
showed in their retrospective, matched case-control 
series that VATS lobectomies in septuagenarians 
are associated with fewer complications and shorter 
hospitalization compared with open thoracotomies. 
Another retrospective study conducted by Mun and 
colleagues (27) showed that VATS lobectomy used 
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these working ports. Subsequently, the surgeon pro-
ceeds with the VATS lobectomy by extending the 
anterior thoracoscopy incision to create a 3–5 cm 
muscle sparing access incision to allow for removal 
of the lobectomy specimen. During surgical resec-
tion,  rib-spreading or rib retractors are avoided. After 
pulmonary resection, hilar and mediastinal lymph-
adenectomy, or lymph node sampling is performed.

Robotic-Assisted Surgery
Robotic-assisted surgery was introduced to the spe-
cialty of thoracic surgery in order to overcome some 
of the limitations of VATS. Potential benefits include 
improvement of the limited maneuverability of instru-
ments and providing superior imaging by means of 
three-dimensionality through a high-resolution bin-
ocular view of the surgical field (50). First described 
for advanced thoracoscopic procedures (51), it soon 
was used for lobectomy. An early report by Park and 
colleagues (50) proved the safety and feasibility of 
this novel technique for lobectomy in early stage lung 
cancer. These data were confirmed by Gharagozloo 
and co-workers (52) in 2008. To date, no data are 
available with respect to morbidity and mortality of 
robotic-assisted lobectomy when compared to VATS 
or conventional open lobectomy. Furthermore, tech-
niques continue to evolve and need further clinical 
investigation for proof of oncologic adequacy in com-
parison to conventional open approaches. At present 

for early-stage lung cancer also is a safe procedure in 
octogenarians with good results with proper patient 
selection. Likewise in patients with underlying pul-
monary disease or diminished pulmonary function, 
VATS lobectomies can be performed safely (28,29).

VATS
VATS was first described by several groups in the 
early 1990s, being performed for the management of 
pleural effusion or pneumothorax, exploration of the 
chest, and limited resection of lung nodules (30–35). 
In subsequent years it has achieved broad application 
in clinical practice as a minimally invasive tool for 
multiple indications (16–20,22,36–43). Following 
the experience of these early years, techniques for 
VATS lobectomy as an oncologic resection emerged, 
with multiple large retrospective series demon-
strating safety as well as feasibility of this approach 
(17–19,22,44–47). The Cancer and Leukemia Group 
B 39802 trial of 127 patients evaluated and confirmed 
the technical feasibility and safety of the approach for 
small lung cancers prospectively (40). Although the 
existing retrospective data suggest equivalent onco-
logic outcomes in comparison with lobectomy using 
a conventional open thoracotomy, prospective stud-
ies are needed and ongoing to confirm this hypoth-
esis, as this procedure has evolved into the common 
practice of many large thoracic centers. Recently, 
the feasibility of VATS segmentectomy for selected 
peripheral, early-stage lung carcinomas has also been 
reported with acceptable 5-year survival (48).

The ACCP evidence-based clinical practice gui-
delines by Scott and colleagues (49) for the treatment 
of stage I and II NSCLC considers VATS lobectomy 
as an acceptable alternative to open thoracotomy.

Surgical Technique
For VATS lobectomy an epidural catheter may be 
placed before surgery for pain management, but 
more frequently intravenous patient controlled anal-
gesia (PCA) is used following surgery after placement 
of intraoperative intercostal nerve blocks. A standard 
thoracoscopy is then performed with three 10 mm 
incisions: an anterior port is positioned between the 
latissimus dorsi and pectoralis major muscles in the 
4th or 5th intercostal space, a posterior port adjacent 
to the scapula in the 5th or 6th intercostal space, 
and a camera port is placed in the anterior axillary 
line in the 7th or 8th intercostal space (Figure 1). 
An exploratory thoracoscopy is performed through 

Anterior access
incision and
Working port

Camera port

Figure 1 VATS lobectomy incisions. Adapted from 
the original figure provided by Mayo Clinic, Section 
of Illustration and Design, Rochester, USA.
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Leukemia Group B (CALGB) 140503 study is a cur-
rently enrolling phase 3, randomized trial comparing 
lobectomy to sublobar resection of peripheral tumors 
of 2 cm or less in size.

Mediastinal Lymph Node Dissection
The accurate assessment of lymph node involvement 
is recognized as an essential component of stag-
ing and treatment in NSCLC. To date there is no 
 evidence-based consensus on the extent of mediasti-
nal lymph node assessment during surgery.

As described in the guidelines for intraopera-
tive lymph node staging published by the ESTS in 
2006, systematic nodal dissection involves com-
plete removal of all the mediastinal tissue contain-
ing lymph nodes within anatomic landmarks, while 
sampling represents removal of one or more lymph 
nodes guided by preoperative or intraoperative find-
ings thought to be representative (57). The pro-
spective, randomized American College of Surgeons 
Oncology Group (ACOSOG) Z0030 trial of >1,000 
patients compared lymph node sampling with lymph 
node dissection, finding that both approaches are 
safe surgical procedures. No increase in morbidity 
or mortality was found from lymph node dissec-
tion, and therefore the authors concluded that there 
seemed no benefit from limiting a mediastinal lymph 
node dissection (58). Data on potential differences 
in long-term survival have not been published yet. 
Retrospective studies, however, reported that medi-
astinal lymph node dissection may provide a longer 
disease-free survival when compared with lymph 
node sampling (59,60). A prospective, three-center 
study of 206 patients found sampling to be inaccur-
ate in 88% of patients, when conducting nodal sam-
pling followed by systematic nodal dissection in all 
patients (61). Ultimately, considering the limited data 
available to date, complete mediastinal nodal dissec-
tion should remain the standard of care in NSCLC.

Specific Surgical Considerations

Intraoperative Tumor Spillage
Transgression of the tumor with intraoperative spill-
age of tumor cells theoretically can lead to pleural 
implants and local recurrence. If such tumor spillage 
occurs, the hemithorax should be abundantly irri-
gated with large quantities of saline. Whether cell 
lysing agents (e.g., hypertonic saline, water, absolute 

no specific recommendations for the use of robotic-
assisted lobectomy in NSCLC can be made.

Surgical Technique
The da Vinci Surgical System is the robotic system 
most commonly used worldwide. It incorporates 
three arms, of which two are dissection arms and one 
is the camera port. Newer versions have a fourth arm 
that can be used for retraction. The robotic device 
is usually set up at the head of the patient, who is 
positioned on the operating table in the lateral decu-
bitus position. The surgeon is operating the robot by 
means of a console separate from the operative field, 
while the assistant surgeon is physically present at the 
operative field. The incisions for the ports are posi-
tioned similarly to those for VATS lobectomy, and 
the dissection of the hilum and resection of the lobe 
are performed correspondingly.

Controversies

Extension of Resection
Lobectomy is regarded the gold standard for the 
treatment of NSCLC. This is based on the find-
ings from a randomized trial by the Lung Cancer 
Study Group (LCSG) in 1995, showing that there 
is a lower local recurrence rate after lobectomy com-
pared with sublobar resection in early stage NSCLC 
(53). In fact, the study suggested an almost three-fold 
increase in the incidence of locoregional recurrence in 
patients treated by resections smaller than lobectomy 
(21/122 = 17%) compared with lobectomy (8/125 = 
6.4%)(P = 0.008). Survival was not significantly dif-
ferent between the two treatment arms (P = .08, two-
tailed P value). Furthermore the claimed advantage 
of limited resection by conservation of lung tissue 
appeared not evident in the assessment of long-term 
pulmonary function after resection.

In recent years, however, discussions about the 
role of sublobar resection in the definitive treatment 
of lung cancer have increased, as its potential advan-
tages include surgical management options for the 
elderly population or individuals with significant 
cardiopulmonary comorbidities. Several retrospect-
ive studies have shown comparable oncologic results 
to sublobar resection for stage I NSCLC when com-
pared with lobectomy (54–56). Therefore, the need 
for an updated randomized trial investigating this 
alternative approach has evolved. The Cancer and 



106  Thoracic Malignancies

metastases or extension to chest wall, diaphragm, or 
pleura have a 5-year disease-free survival rate of 66% 
for stage IA and 56% for stage IB when treated by 
primary surgical resection (Table 1) (3). No adjuvant 
treatment is recommended for patients with stage 
IA disease following complete resection. There is a 
measurable benefit for adjuvant chemotherapy par-
ticularly for patients with selected stage IB and those 
with greater stages of disease.

Of the 20% to 30% of patients who have recur-
rences following resection for stage I disease, the 
majority have relapses at distant sites, with more than 
20% being solitary brain metastases. Close follow-up 
for the detection of solitary recurrences or second 
primaries is consequently advised.

lo c A l ly A dvA n c e d n s c lc ■

Stage II

This stage comprises a heterogeneous group of tumors 
including stage IIA (T2aN1 and T2bN0) and stage 
IIB (T3N0) NSCLCs. Complete surgical resection 
of these tumors may be still feasible, as this group 
includes larger tumors in size invading structures 
like chest wall, pleura, or pericardium, which are 
closer than 2 cm from the carina yet do not invade 
it, or tumors associated with obstructive pneumoni-
tis. Adjuvant platinum-based chemotherapy has now 
been shown to provide survival benefit following sur-
gery for stage II patients (62).

A dvA n c e d s tAg e n s c lc ■

Unfortunately, the majority of lung cancers are at 
advanced stage at presentation. Greater than 60% 
of patients present with stage III or stage IV disease. 
Advanced NSCLCs involve tumors >7 cm with nodal 
metastases or tumors of any size invading the medi-
astinum, heart, great vessels, vertebral body, trachea 
or carina, esophagus, as well as those with another 
tumor nodule in a different ipsilateral lobe.

Survival in advanced stage NSCLC is poor, with 
surgery playing a minor role in these tumors, as they 
usually are not amenable to primary surgical resec-
tion. Typical treatment approaches involve neoad-
juvant chemoradiotherapy with surgery as part of a 
trimodality approach or definitive chemoradiation.

alcohol, or chemotherapeutic agents) have any role to 
play in such irrigations remains unknown.

Positive Resection Margins
Bronchial, vascular and close-proximity margins 
should always be monitored by frozen-section analy-
sis at the time of surgery and re-resection to negative 
margins is advised if positive margins are identified. A 
2-cm bronchial resection margin is considered ideal, 
but any negative margin, no matter the distance from 
the tumor, is ultimately accepted. Currently no data 
are available, whether a larger margin is superior 
with respect to disease-free survival or local recur-
rence rates.

If no negative margin is feasible due to anatomic 
restrictions or inability of the patient to tolerate more 
extensive resection, most surgeons advocate post-
operative radiation to potentially minimize local-
regional recurrence.

e A r ly- s tAg e n s c lc ■

Stage I

According to the 7th edition of TNM classifica-
tion, stage IA comprises patients with tumors <2 cm 
(T1a) and tumors >2 cm but < 3 cm (T1b), while T2a 
lesions of <5 cm in size are considered as stage IB if 
there is no lymph node involvement (4).

Commonly patients with these early-stage 
lesions are detected on routine chest radiographs or 
CT scans of the chest and upper abdomen performed 
for unrelated medical conditions. Most are discrete 
peripheral lesions. Surgical therapy is the manage-
ment of choice in an otherwise healthy patient with-
out mediastinal lymph node involvement. The role 
of prethoracotomy mediastinoscopy is still contro-
versial in the case of a negative CT scan. However, 
systematic lymph node sampling or dissection is 
carried out at the time of surgery to ensure that no 
hilar or mediastinal nodal metastases are present.

As discussed earlier, sublobar resection of per-
ipheral lesions is associated with increased local 
recurrence rates and, therefore, this type of resec-
tion should be reserved for patients with significantly 
limited lung reserve at the time of resection. Isolated 
lesions located more centrally typically require a lob-
ectomy or pneumonectomy for adequate resection.

Patients with tumors confined to the lung 
parenchyma without evidence of regional lymphatic 
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Many patients with limited N2 disease can bene-
fit from effective management by primary surgery. 
For example, overall 5-year survival of 46% has been 
reported in patients with pT1 and N2 disease inci-
dentally discovered during mediastinal lymph node 
dissection (68). A series by Martini and colleagues 
(74) describing 706 patients seen at Memorial Sloan-
Kettering from 1974 to 1981 with mediastinal lymph 
node metastases found that only 151 (21%) were 
completely resectable. The overall 5-year survival rate 
of this group was 30% (75).

Supraclavicluar or contralateral mediastinal 
lymph node metastases (N3) are considered by most 
investigators to be absolute contraindication to sur-
gery because long-term survival with surgery is rare 
and anecdotal. However, the Southwest Oncology 
Group has completed a phase 2 induction chemo-
therapy and radiotherapy program followed by sur-
gery for this group of patients. The early results of 
this trial suggested a complete resection rate similar 
to that seen with induction therapy for N2 disease 
(76). Long-term results, including survival rates, in 
patients treated for N3 disease by this aggressive fash-
ion have been reported. None of the patients with 
N3 disease due to contralateral mediastinal involve-
ment survived 5 years. The only survivors were two 
patients with preoperatively proven scalene node 
involvement. At the time of surgery, no attempt was 
made to remove the cervical lymph nodes. At the pre-
sent time, however, the standard of care for patients 
with proven N3 involvement is chemotherapy and 
radiation without surgery.

Stage IV

With the 7th edition of the TNM classification, 
pleural effusion and nodules in the contralateral 
lung are classified as M1a, while distant metastases 
are M1b. Metastatic sites frequently include the con-
tralateral lung, brain, adrenal glands, skeletal system, 
and liver.

The most common extrathoracic metastases are 
skeletal metastases, followed by metastases to the 
brain, adrenal glands, and the liver with a median 
survival of 8 months and 5-year survival rates of 
<1%. Some metastatic sites are associated with worse 
survival than others.

One metastatic lesion is an independent pre-
dictor of prolonged survival compared with multiple 
lesions, which should be taken into account when 

Stage III

Stage IIIA includes all tumors staged as T3,N1-N2 
as well as T4,N0-N1, while T3,N3 and T4,N2–3 are 
stage IIIB lung cancers (4).

Patients with N1 NSCLC represent a hetero-
geneous population with an overall worse prog-
nosis compared with no lymph node involvement. 
Surgical resection by means of lobectomy remains 
the mainstay of treatment in T1,N1 and T2,N1 
tumors (63,64). Recent data have solidified the role 
of adjuvant chemotherapy for these tumors, though 
randomized data does exist contesting this treatment 
approach.

NSCLCs with distant metastases being absent, 
but present mediastinal lymphatic metastases are 
classified as stage III disease (N2 disease). Many of 
these locally advanced tumors are amenable to sur-
gical or combined modality therapy that includes 
surgery. These patients may benefit from trimodality 
treatment consisting of neoadjuvant chemoradiation 
therapy followed by surgery if response to treatment 
is observed, with improved survival rates (65). The 
North American Intergroup Trial 0139 (RTOG 9309) 
evaluated the outcome of surgery after induction 
chemoradiation therapy in patients with stage IIIA 
(N2) NSCLC. Complete study results published this 
year failed to demonstrate a survival advantage for 
resection after radiotherapy. Concerns remain, how-
ever, with this study as to whether or not an inordin-
ately high mortality rate for pneumonectomy diluted 
the potential survival benefit for patients undergoing 
chemoradiation therapy followed by lobectomy. This 
trial has unfortunately not resolved the issue of how 
best to treat the patient with good performance sta-
tus and limited or single-station N2 disease (66).

In some patients involvement of the mediastinal 
lymph nodes is diagnosed at the time of thoracot-
omy after initial negative preoperative staging, which 
is referred to as occult N2-diesease. This is an infre-
quent occurrence, ranging from approximately 6% 
(67,68) to 15% to 18% (69–71) in patients clinically 
staged N2-negative. In a study conducted by Lee 
and colleagues (72), the prevalence of histologically 
confirmed N2 disease is stated as 6.5% in clinical 
T1 patients and 8.7% in clinical T2 patients with a 
CT-negative and PET-negative mediastinum. The risk 
for occult N2-disease seems to increase with the size 
of the tumor (69,73). Veeramachaneni and colleagues 
(69) reported a three-fold increase in occult nodal 
disease with every 1 cm increase in tumor size.
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with unresectable tumors is debatable. Specific situ-
ations, such as an unremitting lung abscess distal to 
an obstructing tumor, massive hemoptysis, or pain-
ful invasion of the chest wall have led surgeons to 
consider palliative or incomplete resections in the 
hope of improving the patient’s symptoms. With an 
ongoing improvement in radiation and chemothera-
peutic treatment approaches, however, this is rarely 
employed in the modern era.

s umm A ry ■

Surgery is the standard of care for the treatment of 
early-stage and selected locally advanced NSCLC. 
Multimodality approaches are recommended in large 
tumors or if mediastinal lymph node involvement is 
apparent at the time of diagnosis. For advanced or 
metastatic tumors, the role of surgery in general is 
unproven but deserves more study. Specific patient 
subgroups with advanced disease may benefit from 
surgery as part of multimodality approaches.
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treatment decisions are made (77). The role of surgery 
in NSCLC with distant solitary metastases remains 
controversial. Retrospective studies suggest a survival 
benefit for patients with NSCLC and synchronous 
solitary metastasis who undergo resection (78,79).

The American College of Chest Physicians 
(ACCP) published evidence-based clinical practice 
guidelines for lung cancer in September 2007 (80). 
These guidelines recommend resection or radiosurgi-
cal ablation of brain metastases in addition to resec-
tion of the primary lung cancer if no other sites of 
metastases are found and if the primary NSCLC is 
resectable and staged N0 or N1, followed by whole-
brain radiation therapy (WBRT). Isolated adrenal 
metastases should be considered for resection if the 
primary NSCLC is resectable and staged N0 or N1 
without any further sites of metastases. For meta-
chronous presentations of an isolated adrenal metas-
tasis, a resection of the metastasis is recommended 
when the disease-free interval is >6 months and 
complete resection of the primary NSCLC has been 
achieved. For bone metastases, the ACCP guidelines 
do not recommend any particular surgical treatment 
in disease metastatic to the skeletal system; a non-
surgical approach is preferred. Ultimately, prospect-
ive, randomized controlled trials are warranted to 
determine if there is a survival advantage in adding 
surgical resection to patients with limited metastatic 
NSCLC.

There might be a role in neoadjuvant approaches, 
as they may enrich the patient population who may 
most benefit from a surgical approach to limited 
metastatic disease (81). Our bias is that patients who 
rapidly progress on systemic therapy would likely 
not benefit from surgical resection and should not 
be subjected to the possible morbidity that may arise 
from surgery. There is also a subset of patients who 
undergo surgical resection and are found to have 
solitary metastatic disease. In addition, it remains to 
be evaluated whether it is beneficial for the patient 
to proceed with resection if solitary metastases are 
noted at the time of primary surgery, or whether the 
added risk of potential morbidity and mortality out-
weighs this benefit.

PA l l I At I o n ■

For surgery to be effective and potentially curative in 
controlling lung cancer, the resection must be com-
plete. The role of surgery for the palliation of patients 
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A b s t r Ac t ■

Pathology/natural history: Lung cancer is the leading cause of cancer related deaths in both men and women. It 
is broadly classified into two main categories—non–small cell lung cancer (85%) and small cell lung cancer (15%), 
which differ in histology, clinical behavior, treatment and prognosis. Non small cell lung cancer is further classified 
into adenocarcinoma, including bronchioalveolar subtype, squamous cell carcinoma, and large cell carcinoma. The 
major risk factor for both non small cell and small cell lung cancer is cigarette smoking. Small cell lung cancer is 
a highly aggressive malignancy that usually presents with metastatic disease or micrometastases even when appar-
ently localized at diagnosis. It is almost exclusively a disease of smokers. The risk of lung cancer increases with the 
number of cigarettes smoked per day and with duration of exposure. Women may have a higher risk of developing 
lung cancer at the same level of nicotine exposure. Other risk factors include asbestos, radon, arsenic, chromium 
and nickel.

Genetic susceptibility plays an important role in development of lung cancer. Several oncogenes and tumor 
suppressor genes have been implicated in the pathogenesis of lung cancer. K-ras mutations are commonly seen in 
non-small cell lung cancer. They are usually present in smokers and confer a poor prognosis. ALK mutations are also 
seen in adenocarcinoma, but are usually seen in non-smokers or light smokers, and are associated with resistance to 
EGFR TKIs. PTEN loss is also frequently seen in lung cancer and may be associated with resistance to EGFR TKIs. 
Genes implicated in the pathogenesis of small cell lung cancer include c-myc and RB (Retinobastoma) gene. P53 
mutations and alterations in FHIT are seen both in non-small cell lung cancer and small cell lung cancer.

EGFR (epidermal growth factor receptor) belongs to the erbB family of growth factor receptors and is over-
expressed in almost 70% of non-small cell lung cancers. EGFR mutations lead to activation of cell survival signals 
and provide a therapeutic target. They are most commonly seen in women, Asians, non-smokers and patients with 
adenocarcinoma.
Clinical behavior/evaluation/staging: The most common presenting systemic symptoms of lung cancer are 
weight loss, anorexia, and fatigue. Local symptoms include cough, dyspnea, hemoptysis and occasionally chest 
pain. Paraneoplastic syndromes are commonly associated with small cell lung cancer but are also seen in non-small 
cell lung cancer. Some commonly seen paraneoplastic syndromes are hypercalcemia (usually with squamous cell 
carcinoma), SIADH and Eaton-Lambert myasthenic syndrome associated with small cell lung carcinoma.
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Staging for NSCLC is based on the TNM staging system. The 7th edition of the TNM staging system for 
NSCLC was recently published. Changes in the 7th edition include reclassification of tumors >7cm as T3 instead of 
T2, additional pulmonary nodules in the same lobe as T3, same lung as T4 and reclassification of pleural effusions 
from T4 to M1a. Staging for small cell lung cancer is based on the Veterans’ Affairs Lung Study Group (VALCSG) 
system and is classified into limited stage and extensive stage disease depending on whether the disease can be 
encompassed within a single hemithorax radiation port.
Therapy:

NSCLC: Early stage NSCLC is best treated by surgical resection, preferably lobectomy. Patients with resected 
Stage II disease and selected patients with Stage IB disease should receive adjuvant chemotherapy with four cycles 
of platinum based therapy. Patients with Stage III disease should optimally be treated with combined chemoradia-
tion therapy.

The treatment of Stage IV disease is primarily chemotherapy and targeted therapy, with the goal of treatment 
being palliation and prolongation of survival. Factors to be taken into account include the patient’s performance 
status, co-morbidities, histology and smoking history. Recently, molecular factors such as EGFR mutation status 
have been found to play an important role and may impact primary treatment in select patients. In general, the 
standard of care for first line chemotherapy in advanced NSCLC is a platinum based doublet for 4–6 cycles of 
therapy. Cisplatin is preferred over Carboplatin. In patients with adenocarcinoma, pemetrexed with a platinum 
agent is preferred; in patients with squamous cell carcinoma, gemcitabine with a platinum agent is optimal therapy. 
Elderly patients with good performance status should receive platinum based doublet therapy unless otherwise 
contraindicated. Bevacizumab is the only targeted agent to be approved for use with chemotherapy (carboplatin and 
paclitaxel) in the first line setting, and can be used in suitable patients. It is anticipated that other targeted agents 
such as erlotinib and cetuximab may be approved in the first line setting in the near future.

The approved agents for second line therapy include docetaxel, erlotinib and pemetrexed. Pemetrexed has now 
been approved as a first line agent in patients with adenocarcinoma. The issue of maintenance therapy remains 
unresolved; recent studies of erlotinib as maintenance have shown promise.
Small cell lung cancer: The treatment of choice for limited stage disease is concurrent chemoradiation therapy with 
cisplatin and etoposide. Twice a day radiation is associated with a survival advantage and is preferred in patients who 
can tolerate it although alternate radiation dosing and fractionation are under study. Patients with a good response 
after chemoradiation should receive prophylactic cranial irradiation (PCI), which reduces the risk of developing 
brain metastases and improves survival. Extensive stage disease is usually incurable and the treatment of choice is 
chemotherapy with cisplatin and etoposide for four to six cycles. PCI improves survival in these patients as well and 
for patients who respond completely; radiation to the primary site should be considered as it also improves survival. 
Patients who relapse within 3 months after first line therapy have a poor prognosis and are considered refractory. 
Patients who relapse 3 months after first line therapy may be treated with second line therapy with topotecan.

or pulmonary parenchyma. About 95% of lung 
cancers are classified as either non–small cell lung 
(NSCLC) or small cell lung cancers (SCLC). The 
remaining 5% are unclassified and rare tumors. 
Non–small cell cancers are further classified on 
the basis of histology as will be discussed later in 
this chapter. In the United States, the most com-
mon form of lung cancer was squamous cell cancer 
until the late 1980s and has now been replaced by 
adenocarcinoma, which is increasing in incidence 
and is seen in both smokers and nonsmokers. The 
incidence of squamous cell cancer, large cell can-
cer, and SCLC has been decreasing over the past 
several years.

I n t ro d u c t I o n ■

Lung cancer is the leading cause of cancer-related 
deaths in both men and women worldwide (1). In 
the United States, it is estimated that 219,440 men 
and women (116,090 men and 103,350 women) 
will be diagnosed with and 159,390 will die of can-
cer of the lung and bronchus in 2009 (2). Annual 
deaths due to lung cancer in women exceed those 
caused by breast, cervical, and uterine cancers 
combined; in men, the number of deaths from lung 
cancer is larger than deaths caused by colorectal 
and prostate cancers combined. Bronchogenic car-
cinoma refers to all cancers arising in the airways 
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Risk Factors

The common risk factors for lung cancer are listed 
in Table 1. The most important cause of lung can-
cer is smoking, accounting for approximately 85% to 
90% of all cases (3). Numerous epidemiologic stud-
ies, both retrospective and prospective have estab-
lished the role of nicotine as a causative agent in lung 
cancer.

The first evidence of an epidemiologic association 
between tobacco use and lung cancer was reported 
in the 1950s (4–6). The risk of lung cancer among 
smokers increases with the number of cigarettes 
smoked per day and with the duration of smoking 
history, with a stronger effect for duration of smoking 
when compared with number of cigarettes smoked 
per day (7,8). Based on overwhelming epidemiologi-
cal data, the U.S. Surgeon General issued a report 
in 1964 stating that smoking was a definite cause of 
cancers of the lung and larynx and chronic bronchitis 
in both men and women (9). The risk of lung cancer 
decreases with cessation of smoking (10). The greater 
the number of years of abstinence, the lower the risk 
of developing lung cancer; however, this risk never 
becomes equal to that of never- smokers (11).

The composition of cigarettes has changed sig-
nificantly over the past few decades (3). There has 
been a shift toward “low tar” or “light” cigarettes. 
These designations are misleading; they are not asso-
ciated with decreased risks when compared with 
other cigarettes and are now subject to regulation by 
the Food and Drug Administration. Tar and nico-
tine yields are measured with a smoking machine 
according to a standardized protocol established by 
the Federal Trade Commission (FTC) that specifies 
such details as puff volume, the frequency of puffing, 
and the length to which the cigarette is to be smoked 
(12). The low tar and nicotine numbers measured 

on the FTC machines are artificial and do not take 
into account the compensatory changes in smoking 
 patterns (13).

In recent years, data suggest that women may be 
more susceptible to the carcinogenic effects of smok-
ing than men. This is based on possible hormonally 
related differences in carcinogen metabolism and 
the higher expression of estrogen receptor beta in 
females. Other risk factors include exposure to occu-
pational or environmental agents including asbestos, 
radon, arsenic, chromium, and nickel (3). Asbestos is 
a well-known occupational carcinogen. Lung cancer 
is associated with the principal commercial forms of 
asbestos, and the risk of lung cancer increases with 
increased exposure to asbestos (14,15). Asbestos and 
cigarette smoking synergistically increase the risk of 
lung cancer. Radon is a chemically inert gas that is 
a decay product of uranium. Underground miners 
exposed to high levels of radon have a significantly 
elevated risk of developing lung cancer. Radon is also 
an indoor air pollutant and can cause lung cancer 
in the general population from residential exposure. 
Mitigation is fairly straightforward but does require 
knowledge of radon levels.

Genetic susceptibility in lung cancer has been 
long postulated on the basis of the fact that expo-
sure to carcinogens in cigarette smoke and other 
environmental agents causes cancer in relatively few 
individuals compared with the population exposed. 
Carcinogens such as polycyclic aromatic hydrocar-
bons in tobacco are metabolized by the enzymes of 
the cytochrome p450 system (3). These metabolites 
form reactive intermediates that bind to DNA and 
cause genetic injury. Polymorphisms in enzymes of 
the cytochrome p450 system, in particular, CYP1A1 
and CYP2D6 are thought to cause increased risk of 
lung cancer (16). Other enzyme polymorphisms that 
can contribute to increased risk include glutathione 
S-transferase, which detoxifies reactive metabolites 
of polycyclic aromatic hydrocarbons (17). Impaired 
DNA repair capacity may also explain some genetic 
susceptibility to lung cancer (18).

Dietary factors that have been studied in rela-
tion to lung cancer risk include retinol, β caroten-
oids, and Vitamin C. Although some data suggest 
that dietary β carotene may have a protective effect, 
three very large randomized double-blind placebo- 
controlled studies not only did not show a protective 
effect (19–21), but indeed showed that β carotene 
supplementation was associated with an increased 
risk of lung cancer in smokers.

TABLE 1 Risk factors for lung cancer

•  Smoking
•   Environmental toxins-asbestos, radon , arsenic, heavy 

metals
•   Radiation therapy: breast cancer and Hodgkin’s 

disease survivors
•  Genetic susceptibility
•  Dietary: beta carotene supplementation
•   Prior lung damage: fibrosis, COPD, alpha 1  

anti-trypsin deficiency
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pathway is important in detoxifying tobacco car-
cinogens, is variably active in patients, and present 
in several polymorphic variants (24). Expression of 
certain polymorphisms, especially GSTM1, appears 

Acquired lung disease such as chronic obstruc-
tive pulmonary disease (COPD) and fibrotic lung 
diseases (silicosis, pneumoconiosis, etc.) may increase 
the risk for lung cancer.

Pathology

Lung cancer or bronchogenic carcinoma is classified 
into two major categories: NSCLC (80%) and SCLC 
(15%). This distinction is based on histological cri-
teria, and has important implications for treatment 
and prognosis. The remaining 5% of lung cancers 
consist of rarer types such as carcinoid, sarcoma, 
cancers of salivary gland type, and unclassified lung 
tumors. NSCLC consists of three major histological 
subtypes: adenocarcinoma, squamous cell carcinoma, 
and large cell carcinoma. Bronchioloalveolar carci-
noma is a subtype of adenocarcinoma, which tends 
to occur more frequently in women and nonsmokers 
than in the general lung cancer population.

World Health Organization (WHO) classifica-
tion of lung cancers recognizes four major histologi-
cal subtypes (22) (Table 2).

Adenocarcinoma is increasing in incidence 
and is currently the most common form of NSCLC 
diagnosed in the United States. It is characterized 
by a glandular pattern and the production of mucin 
in some variants. Immunohistochemistry usu-
ally reveals CK7+/CK20− and TTF1+. Squamous 
cell carcinoma is seen almost exclusively in smok-
ers and is characterized by cellular keratinization, 
intercellular bridges, and keratin “pearl” formation. 
Immunohistochemistry shows CK7+/CK20− and 
TTF−; p63+ and CK5/6+.

Molecular Pathology of Lung Cancer

The overwhelming majority of lung cancers are 
caused by carcinogens in tobacco. However, not all 
exposed patients will develop lung cancers, indeed the 
majority will not. The in-depth analyses of molecu-
lar determinants of sensitivity to tobacco carcinogens 
and of other mechanisms of lung cancer pathogenesis 
are beyond the scope of this chapter, but a brief dis-
cussion is presented here.

Genetic susceptibility clearly plays a role in lung 
carcinogenesis. Loss of the short arms of chromo-
somes 3 and 9 have been implicated in early lung 
carcinogenesis (23). The glutathione S-transferase 

TABLE 2 2004 WHO Classification of  malignant 
epithelial lung tumors

Squamous cell carcinoma
Variants
Papillary
Clear cell
Small cell
Basaloid
Small cell carcinoma
Variant
Combined small cell carcinoma
Adenocarcinoma
Adenocarcinoma, mixed subtype
Acinar adenocarcinoma
Papillary adenocarcinoma
Bronchioloalveolar carcinoma
—Nonmucinous
—Mucinous
—Mixed nonmucinous and mucinous or indeterminate
Solid adenocarcinoma with mucin production
Variants
Fetal adenocarcinoma
Mucinous (“colloid”) carcinoma
Mucinous cystadenocarcinoma
Signet ring adenocarcinoma
Clear cell adenocarcinoma
Large cell carcinoma
Variants
Large cell neuroendocrine carcinoma
Combined large cell neuroendocrine carcinoma
Basaloid carcinoma
Lymphoepithelioma-like carcinoma
Clear cell carcinoma
Large cell carcinoma with rhabdoid phenotype
Adenosquamous carcinoma

Sarcomatoid carcinoma
Pleomorphic carcinoma
Spindle cell carcinoma
Giant cell carcinoma
Carcinosarcoma
Pulmonary blastoma
Carcinoid Tumor
Typical carcinoid
Atypical carcinoid
Salivary Gland Tumors
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Epithelial-myoepithelial carcinoma
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In 20% to 60% of NSCLC, p53 mutations have been 
reported (33). Although p53 mutations are common 
in both NSCLC and SCLC, they are yet to be proved 
a good therapeutic target. Prognostic and predictive 
implications of p53 mutations are not well under-
stood, despite extensive investigation.

The fragile histidine triad gene (FHIT ) is a tumor 
suppressor gene located on chromosome 3p14.2 that 
is frequently altered in lung cancer (34). FHIT is a 
target for carcinogenesis from both tobacco and 
asbestos and is aberrantly spliced in most lung can-
cers, both SCLC and NSCLC. FHIT gene function 
is inactivated by different mechanisms such as meth-
ylation of the FHIT promoter, loss of heterozygosity 
at the FHIT locus.

Phosphatase and tensin homolog (PTEN ) is also 
a tumor suppressor gene and abnormalities are fre-
quently seen in lung cancer. PTEN loss may be rel-
evant to explanation of some inherent and acquired 
resistance to EGFR inhibitors (35). Sos et al. showed 
that in EGFR dependent cells, loss of PTEN partially 
uncouples mutant EGFR from downstream signal-
ing leading to activation of EGFR. This process can 
cause resistance to EGFR TKI therapy.

Retinoblastoma (RB) gene is a tumor suppressor 
gene and is the downstream effector of p53-mediated 
G1 arrest through activation of the  cyclin-dependent 
kinase (CDK) inhibitor p21. Loss of Rb protein occurs 
in most SCLC (>90%) and in about 15% of NSCLC 
(32). Inactivation of the p16INK4a tumor suppres-
sor gene, located at 9p21, has been shown to occur 
commonly in lung cancer pathogenesis. This altera-
tion can result from homozygous deletion, mutation 
of p16INK4a, or promoter hypermethylation. Loss of 
p16 INK4a can lead to inactivation of RB (36).

Diagnosis

Lung cancer usually presents as a mass lesion on 
chest x-ray; pathologic diagnosis is made by percu-
taneous needle biopsy or by transbronchial biopsy. 
All patients should undergo routine laboratory test-
ing including a complete blood count, metabolic 
panel including electrolytes, liver function testing, 
calcium, and creatinine. CT scans of the chest, abdo-
men, and pelvis are necessary to evaluate the extent 
of disease for staging purposes. PET scan should be 
obtained in all patients for whom curative therapy 
is planned. PET is more sensitive than CT alone in 
detection of mediastinal involvement and distant 

particularly important in lung cancer susceptibility 
in women. Telomerase is upregulated in most lung 
cancers, indeed in nearly all SCLCs and may be a 
therapeutic target as well as an etiologic agent (25).

Several oncogenes and tumor suppressor genes 
have been implicated in the pathogenesis of lung can-
cer and they are briefly discussed below.

Oncogenes

Ras genes regulate signal transduction pathways 
that control cell growth. There are three ras genes—
H-ras, N-ras, and K-ras. Mutations in any of these 
genes can lead to malignant transformation; how-
ever, in NSCLC, K-ras mutations are the most com-
monly seen. The ras genes code for p21ras proteins 
that are localized on the inner surface of the cell 
membrane (26). Ras can exist in an “active state” in 
which guanosine triphosphate (GTP) is bound to the 
molecule and a signal is relayed to secondary mes-
sengers feeding into several downstream pathways; 
and an “inactive state” in which the GTP has been 
hydrolyzed to guanosine diphosphate (GDP) by 
GTPase activating protein (GAP) (27). Mutations at 
the GTP-binding domain prevent the inactivation of 
GTP, thereby resulting in constitutive Ras activation. 
K-ras mutations are most often seen in smokers (28) 
and patients with adenocarcinoma (29), and generally 
do not coexist with EGFR mutations. K-ras mutations 
confer a poor prognosis, but K-ras has not yet proved 
a useful target for novel therapeutics (29,30).

EML4-ALK is a novel fusion oncogene found in 
NSCLC. ALK mutations occur most often in never-
smokers or light smokers and in adenocarcinoma as 
do EGFR mutations; however, ALK mutations are 
associated with resistance to EGFR tyrosine knase 
inhibitors (TKIs) (31).

The c-myc proto-oncogene is amplified in SCLC 
and also less commonly in NSCLC. C-myc belongs 
to the myc family of genes that encode nuclear 
 phospho-proteins (c-myc, n-myc, and l-myc) that 
control cell growth and apoptosis (32).

Tumor Suppressor Genes

A tumor suppressor gene, p53 is located on chromo-
some 17, which plays a critical role in cell-cycle control 
and apoptosis. Deletions and point mutations in the 
p53 gene lead to a loss of inhibition of proliferation. 
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ultrasound, which can reach most of the central 
mediastinum, and endobronchial ultrasound, which 
can reach hilar nodes as well. Endoscopic ultrasound 
(EUS) is a simpler procedure than mediastinoscopy 
for most patients and does not generally require 
anesthesia or a hospital stay. The disadvantage of 
these modalities, especially in an era when histology 
can define therapy, is the small size of the samples 
obtained compared to mediastinoscopy.

Bone scan is recommended in the presence of 
bone pain, an elevated calcium or elevated alkaline 
phosphatase; however, PET appears to obviate the 
need for bone scanning. The controversy over sensitiv-
ity of bone scan versus PET for bone metastasis detec-
tion will not be resolved in these pages. However, it is 
our practice to order PET/CT scans in the vast major-
ity of patients with lung cancer and few bone scans. 
MRI of the brain should be obtained for patients 
with headache, visual symptoms, or other neurologi-
cal changes and for patients in whom curative ther-
apy is planned in order to rule out brain metastases, 
as incidence of brain metastases ranges from at least 
20% in NSCLC to 60% or more in SCLC.

Staging

Staging for NSCLC is based on the tumor node 
metastases (TNM) staging system. The International 
Association for the Study of Lung Cancer (IASLC) 
developed a database of 100,869 patients with lung 
cancer who were treated in more than 19 countries 
between 1990 and 2000. Data from 67,725 patients 
with NSCLC were used to reevaluate the prognos-
tic value of the TNM descriptors (40). This led to 
the proposal of the 7th edition TNM staging system 
for NSCLC (see Table 3), which has been accepted 
by the the Union Internationale Contre le Cancer 
(UICC) and American Joint Committee on Cancer 
(AJCC) (41). The changes include additional cutoffs 
for tumor size, with tumors >7 cm moving from T2 
to T3; reassigning the category given to additional 
pulmonary nodules in some locations (additional 
lung nodules in same lobe will be T3; same lung T4; 
contralateral lung will be M1a); and reclassifying 
pleural effusion as an M descriptor (reclassified from 
T4 to M1a). In addition, it is suggested that T2b N0 
M0 cases be moved from stage IB to stage IIA, T2a 
N1 M0 cases from stage IIB to stage IIA, and T4 
N0–1 M0 cases from stage IIIB to stage IIIA. The 
details are as in Tables 3 and 4.

metastases; however, it should not be used to replace 
mediastinocopy. False positives and negatives occur 
in about 10% of patients; thus, biopsy confirmation 
of suspected metastases is crucial for accurate staging 
especially in regions where granulomatous disease 
is prevalent. PET scan has, however, been shown to 
reduce the number of futile thoracotomies in a pro-
spective trial (37).

Fischer et al. (38) conducted a randomized study 
comparing staging with PET-CT to conventional 
staging in 189 patients with NSCLC; 94% of patients 
in this study underwent mediastinoscopy. Results 
showed that the use of PET-CT for preoperative stag-
ing of NSCLC reduced both the total number of tho-
racotomies and the number of futile thoracotomies 
but did not affect overall mortality.

Surgical staging is the gold standard for evalu-
ating the mediastinum. This should be done by 
mediastinoscopy for most potentially resectable lung 
cancers. All patients with enlarged lymph nodes 
on CT or increased metabolic uptake on PET scan 
should undergo a preoperative mediastinoscopy for 
accurate staging prior to consideration of resection. 
If CT or PET scan is negative for nodal involvement, 
then lymph nodes should still be sampled at the 
time of or before definitive surgery. A meta-analysis 
conducted by deLangen et al. (39) showed that for 
patients with lymph nodes measuring 10–15 mm on 
CT and a negative FDG-PET result, the predicted 
post-test probability of mediastinal involvement was 
5%. A positive FDG-PET result was predicted to 
yield a post-test probability of 62%. If CT showed 
lymph nodes of ≥16 mm, the post-test probability of 
mediastinal involvement was 21% when the FDG-
PET result was negative and 90% if it was positive. 
On the basis of these results, the authors concluded 
that the likelihood of metastasis markedly increased 

above the 15 mm short-axis threshold. They recom-
mended that patients with nodes measuring <15 mm 
on CT should be planned for thoracotomy if FDG-
PET does not reveal mediastinal involvement, since 
the expected yield of mediastinoscopy is extremely 
low. Patients with lymph nodes measuring ≥16 mm 
on CT and a negative FDG-PET result should 
undergo mediastinoscopy before possible thoracot-
omy. Video-assisted thoracoscopic surgery (VATS) 
allows for examination of the pleura and aorto-
 pulmonary window nodes. Less invasive mediastinal 
staging is coming into common practice, particularly 
for patients less likely to proceed to definitive resec-
tion. These methods include esophageal endoscopic 
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anorexia, fatigue, and dysphagia. Bone pain may 
be seen in patients with bone metastases. Patients 
with brain metastases may present with neurological 
symptoms such as headache, nausea, visual changes, 
and balance disturbance (see Table 5).

Paraneoplastic syndromes are specific syndromes 
caused by cancer-derived humeral factors that prod-
uce a remote effect at a site separate from the primary 

Clinical Features

Most patients with lung cancer present with advanced 
disease. Symptoms are related to local effects of the 
tumor, distant spread, or paraneoplastic syndromes. 
Common symptoms due to local effects are dysp-
nea, cough, hoarseness, hemoptysis, and occasion-
ally chest pain. Other symptoms include weight loss, 

TABLE 3 New IASLC staging system (7th edition TNM)

Descriptors Definitions Subgroupsa

T Primary tumor
T0    No primary tumor
T1    Tumor ≤ 3 cm,b surrounded by lung or visceral pleura, not more proximal than  

 the lobar bronchus 
T1a        Tumor ≤ 2 cmb T1a
T1b        Tumor > 2 but ≤ 3 cmb T1b
T2    Tumor > 3 but ≤ 7 cmb or tumor with any of the followingc: Invades visceral  

  pleura, involves main bronchus ≥ 2 cm distal to the carina, atelectasis/obstructive 
pneumonia extending to hilum but not involving the entire lung 

T2a        Tumor > 3 but ≤ 5 cmb T2a
T2b        Tumor > 5 but ≤ 7 cmb T2b
T3    Tumor > 7 cm; T3>7

or directly invading chest wall, diaphragm, phrenic nerve, mediastinal  
 pleura, or parietal pericardium;

T3Inv

or tumor in the main bronchus < 2 cm distal to the carinad; T3Centr
or atelectasis/obstructive pneumonitis of entire lung; T3Centr
or separate tumor nodules in the same lobe T3Satell

T4    Tumor of any size with invasion of heart, great vessels, trachea, recurrent  
 laryngeal nerve, esophagus, vertebral body, or carina; 

T4Inv

or separate tumor nodules in a different ipsilateral lobe T4Ipsi Nod

N Regional lymph nodes
N0    No regional node metastasis
N1    Metastasis in ipsilateral peribronchial and/or perihilar lymph nodes and  

 intrapulmonary nodes, including involvement by direct extension
N2    Metastasis in ipsilateral mediastinal and/or subcarinal lymph nodes
N3    Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or  

 contralateral scalene, or supraclavicular lymph nodes 
M Distant metastasis
M0    No distant metastasis
M1a    Separate tumor nodules in a contralateral lobe; M1aContr Nod

or tumor with pleural nodules or malignant pleural disseminatione M1aPl Dissem
M1b    Distant metastasis M1b
Special situations
TX, NX, MX    T, N, or M status not able to be assessed
Tis    Focus of in situ cancer Tis
T1     Superficial spreading tumor of any size but confined to the wall of the trachea  

 or mainstem bronchus
T1SS 

aThese subgroup labels are not defined in the IASLC publications (2–5) but are added here to facilitate a clear discussion.
bIn the greatest dimension.
cT2 tumors with these features are classified as T2a if ≤ 5 cm.
dThe uncommon superficial spreading tumor in central airways is classified as T1.
ePleural effusions are excluded that are cytologically negative, nonbloody, transudative, and clinically judged not to be due to cancer.

Source: From Ref. 41.

http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-1#fn-1
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-4#fn-4
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-5#fn-5
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-2#fn-2
http://www.chestjournal.org/content/136/1/260/T3.expansion.html#fn-5#fn-5
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with NSCLC, specifically squamous cell carcinoma. 
It may be caused by bone metastases; however, the 
paraneoplastic syndrome is caused by ectopic pro-
duction of parathyroid hormone-related peptide. It is 
treated with hydration and bisphosphonates. Eaton-
Lambert myasthenic syndrome is most commonly 
seen in SCLC and causes proximal muscle weakness, 
which improves with repetitive activity, in contrast 
to myasthenia gravis. The treatment of paraneoplastic 
syndromes is to treat the underlying cancer; however, 
some of these conditions are irreversible.

s ys t em I c t h e r A p y f o r n s c Lc ■

Therapy

Optimal treatment of NSCLC may include surgi-
cal resection, radiation, and/or chemotherapy and 
is determined by several factors—stage, histological 
subtype, the patient’s performance status, comor-
bidities, and suitability for resection for early-stage 
disease. Recent data suggest that molecular profiling 
may also have an important role in determining type 
of treatment, and this will be reviewed later.

Early-Stage NSCLC: (Stages I and II)

Only about 15% of patients diagnosed with NSCLC 
present with localized disease (42). Surgery is the rec-
ommended treatment for patients with stages I and II 
disease, who are suitable candidates. Patients who are 
not candidates for surgery should receive potentially 
curative radiation therapy. The 5-year survival rate 
for patients with localized disease is approximately 
53% (42).

Lobectomy is preferred to pneumonectomy 
whenever feasible, due to high rates of morbidity 
and mortality associated with pneumonectomy (43). 
Pulmonary function testing is part of the routine 
preoperative testing and should include both exercise 
testing and DLCO. In patients who cannot tolerate 
lobectomy, a more limited surgery such as segmentec-
tomy or wedge resection can be done. However, this is 
controversial and should be avoided for patients with 
tumors >3 cm in size due to high risk of recurrence. 
The now-defunct Lung Cancer Study Group con-
ducted a trial in which 276 patients with peripheral 
T1N0 (stage IA) NSCLC were randomly assigned to 
either lobectomy or a more limited procedure (i.e., 

tumor. Cancer need not be widespread to produce 
paraneoplastic syndromes. Indeed, some of these syn-
dromes may precede diagnosis of localized disease. 
Hypercalcemia is one of the most common paraneo-
plastic syndromes. It is most commonly associated 

TABLE 4 TNM elements included in stage groups

Descriptors, % of all

Stage Groups T N M Patients, %a

IA T1a,b N0 M0 15
IB T2a N0 M0 13
IIA T1a,b N1 M0  2

T2a N1 M0  4
T2b N0 M0  4

IIB T2b N1 M0  2
T3 N0 M0 14

IIIA T1–3 N2 M0 20
T3 N1 M0  6
T4 N0,1 M0  2

IIIB T4 N2 M0  1
T1–4 N3 M0  3

IV TAny NAny M1a,b 14

aPercentage of patients in IASLC database according to best 
stage (rounded to nearest integer).

Source:  From Ref. 41.

TABLE 5 Summary of clinical features

Local
•  Dyspnea
•  Cough
•  Hemoptysis
•  Chest pain
•  Hoarseness (Recurrent laryngeal nerve involvement)
•  Superior vena cava syndrome
•  Pancoast syndrome
Systemic
•  Fever (low-grade)
•  Weight loss
•  Anorexia
•  Fatigue
Paraneoplastic syndromes
•  Hypercalcemia (squamous cell ca)
•  SIADH (small cell ca)
•  Hypertrophic pulmonary osteoarthropathy
•  Eaton-Lambert syndrome
•  Cushing’s syndrome
•   Neurological-optic neuritis, cerebellar degeneration, 

limbic encephalopathy, autonomic neuropathy

http://www.chestjournal.org/content/136/1/260/T4.expansion.html#fn-6#fn-6
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(35.7–52.3) months in the observation group. Adjusted 
risk for death was significantly reduced in patients on 
the chemotherapy arm (HR = 0.80 [95% CI 0.66–
0.96]; P = .017). Overall survival at 5 years improved 
by 8.6% in the chemotherapy group, and was main-
tained at 7 years (8.4%). The benefit for chemotherapy 
was noted in stages II and III patients but not in stage 
I in a planned post hoc subset analysis.

Adjuvant chemotherapy with carboplatin and 
paclitaxel versus observation in stage IB patients 
was evaluated in the CALGB 9633 trial (59). This 
trial was initially reported as positive, but a second 
interim analysis with longer follow-up showed no dif-
ferences in survival at 5 years (the primary endpoint 
of the trial). However, the progression-free survival 
(a secondary endpoint) remained significantly supe-
rior at 5 years in the chemotherapy arm and overall 
survival was improved over control at 3 years. A post 
hoc subset analysis showed a 5-year survival benefit 
in patients with tumors ≥4cm in diameter. This trial 
has been criticized as underpowered and for its use 
of non-cisplatin containing chemotherapy. Patients 
with tumors larger than 5 cm are now classified as 
stage IIA based on the current staging system, and 
adjuvant chemotherapy would be recommended for 
these patients.

The neoadjuvant or adjuvant chemotherapy in 
patients with operable NSCLC trial (NATCH) ran-
domized patients with early stage NSCLC to surgery 
alone, neoadjuvant carboplatin/paclitaxel followed by 
surgery or surgery followed by adjuvant carboplatin/ 
paclitaxel (60). The primary objective was to deter-
mine whether three cycles of neoadjuvant or adjuvant 
chemotherapy improved disease-free survival (DFS) 
compared to surgery alone. Results showed that 
neoadjuvant therapy was associated with improved 
survival when compared with surgery alone (5-year 
survival rates 53% vs. 41%; P = .02); adjuvant chem-
otherapy was associated with only a trend toward 
improved survival compared with surgery alone, 
which was not statistically significant. It should be 
noted that only 51% of patients received planned 
treatment in the adjuvant arm compared with 90% 
of patients in the preoperative arm.

Most positive studies of adjuvant chemotherapy 
have employed cisplatin-based chemotherapy. The 
lung adjuvant cisplatin evaluation (LACE) meta-
analysis confirmed an overall survival benefit in the 
5% range with cisplatin containing adjuvant chem-
otherapy (57) and cisplatin- based chemotherapy 
is preferred over carboplatin for patients without 

wedge resection, segmentectomy). Limited pulmo-
nary resection did not improve perioperative mor-
bidity, mortality, or late postoperative pulmonary 
function, but was associated with a higher death and 
recurrence rates leading the LCSG to conclude that 
lobectomy should be the surgical procedure of choice 
for patients with peripheral T1 N0 NSCLC (44). With 
improved surgical and perioperative techniques, lim-
ited resections have come under study again recently 
and may be a reasonable option for carefully selected 
patients (45–47). Videoscopic resections (VATS) are 
usually preferred when feasible as they are associated 
with less postoperative pain and shorter hospital stays 
(48–50). VATS should be performed only by surgeons 
with specific expertise. VATS and standard thoracot-
omy appear to have similar survival and recurrence 
rates for stage I lung cancer (51–53). VATS resection 
may also improve tolerance of postoperative adjuvant 
chemotherapy (54,55).

In good performance status (PS) patients with 
stage II disease and probably in selected patients with 
larger stage I tumors who have undergone complete 
resection, adjuvant chemotherapy improves survival. 
The International Adjuvant Lung Cancer trial (56) 
randomized 1,867 patients with completely resected 
stage I, II, or III NSCLC to three to four cycles of 
cisplatin-based chemotherapy or observation with a 
primary endpoint of overall survival and a median 
follow-up of 56 months. Patients who received chemo-
therapy had a better overall survival (44.5% vs. 40.4 % 
at 5 years [469 deaths vs. 504]; hazard ratio for death 
[HR] = 0.86; 95% confidence interval [CI] = 0.76 
to 0.98; P < .03) and improved disease-free survival 
(39.4% vs. 34.3% at 5 years [518 events vs. 577]; HR = 
0.83; 95% CI = 0.74 to 0.94; P < .003) compared with 
the observation arm. No data have shown a survival 
benefit with adjuvant chemotherapy for unselected 
stage IA patients and many studies suggest a detri-
ment. Thus chemotherapy should not be given rou-
tinely to those patients (57). Nevertheless, the 5-year 
survival for patients with resected stage IA NSCLC 
remains relatively low at about 70%, and efforts to 
identify appropriate adjuvant therapy and the popula-
tion who may benefit are actively underway.

ANITA (Adjuvant Navelbine International 
Trialist Association) was a randomized controlled 
trial comparing adjuvant vinorelbine plus cisplatin to 
observation in 840 patients with completely resected 
stages IB–IIIA NSCLC (58). After a median follow-up 
of 76 months, median survival was 65.7 months (95% 
CI 47.9–88.5) in the chemotherapy group and 43.7 
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stage III NSCLC (63). The concurrent group dem-
onstrated an improvement of median survival of 
3 months over that of the sequentially treated patients 
(16.5 vs. 13.3 months), and the 5-year survival rates 

with concurrent therapy were 15.8% versus 8.9% 
with sequential therapy.

RTOG 94–10 (64) was a three-arm phase 3 trial 
in which 610 patients were randomized to sequen-
tial chemoradiation versus two concurrent chemora-
diation therapy arms (one with standard once-daily 
radiation and the other with hyperfractionated twice 
a day radiation). The median survival was superior 
for patients who received concurrent chemoradiation 
compared with sequential treatment (17.0 vs. 14.6 
months, P = .04). Hyperfractionated radiation did 
not result in improved survival compared with the 
sequential arm (15.2 vs. 14.6 months; P = .296). The 
4-year survival for patients in the concurrent chemo-
therapy and daily standard radiation arm was 21% 
versus 12% with sequential chemotherapy followed 
by radiation (P = .046). The incidence of acute non-
hematological toxicities was higher in the concurrent 
arms; however, late toxicities were similar for patients 
in all three arms. These studies established concur-
rent chemoradiation therapy as standard treatment 
in patients with unresectable stage III NSCLC.

In patients with nonbulky stage III disease with 
no involvement of mediastinal lymph nodes (T4N0, 
T3, or T4N1), surgery may be attempted; however, 
cure rate is low with surgery alone and these patients 
should receive adjuvant therapy. Chemoradiotherapy 
followed by resection is the standard of care for 
patients with pancoast tumors and good PS.

Neoadjuvant chemotherapy followed by sur-
gery has been recommended in certain situations, 
in patients with nonbulky stage IIIA disease. There 
were two randomized trials that evaluated this issue. 
The first trial by Roth et al. (65) randomized 60 
patients to receive either six cycles of perioperative 
chemotherapy (cyclophosphamide, etoposide, and 
cisplatin) and surgery, or surgery alone. For patients 
treated with chemotherapy and surgery, the rate of 
clinical major response was 35%. Patients treated 
with perioperative chemotherapy and surgery had an 
estimated median survival of 64 months compared 
with 11 months for patients who had surgery alone 
(P < .008 by log-rank test; P < .018 by Wilcoxon 
test). The other trial by Rosell and colleagues (66) 
also randomized 60 patients to chemotherapy 
(mitomycin, ifosfamide, and cisplatin) followed by 
surgery versus surgery alone. Median survival was 

contraindications. Trials incorporating targeted 
agents concurrently or in sequence with chemother-
apy are in progress.

Locally Advanced NSCLC: (Stage III)

Optimal treatment of most patients with stage III dis-
ease is chemoradiotherapy. Most patients with stage III 
disease are unresectable; although, surgery for 
patients with isolated positive N2 nodes can be con-
sidered after neoadjuvant chemotherapy or chemora-
diotherapy. Patients with malignant pleural effusions 
or pleural involvement are now classified as stage IV 
(previously stage IIIB) and these patients are treated 
with chemotherapy alone. Chemoradiotherapy is 
superior to radiotherapy alone for good PS patients 
with unresectable stage III NSCLC. CALGB 8433 
and RTOG 88–08 were two large randomized clin-
ical trials comparing chemoradiation to radiother-
apy alone in patients with stage III NSCLC. In the 
CALGB study (61), patients with stage III NSCLC 
received either cisplatin (100 mg/m2 intravenously 
on days 1 and 29) and vinblastine (5 mg/m2 intrave-
nously weekly on days 1, 8, 15, 22, and 29) followed 
by radiation therapy with 60 Gy in 30 fractions 
beginning on day 50 (CT-RT group) or radiation 
therapy with 60 Gy alone beginning on day 1 (RT 
group) for a maximum duration of 6 to 7 weeks. 
Median survival after 7 years of follow-up was 13.7 
months in the CT-RT group and 9.6 months in the 
RT group (P = .012). These results were confirmed by 
Sause et al. (62) in RTOG 88–08 in which patients 
were randomized to 2 months of chemotherapy with 
cisplatin, vinblastine followed by 60 Gy of radiation 
at 2.0 Gy per fraction or 1.2 Gy per fraction deliv-
ered twice daily to a total dose of 69.6 Gy, or radia-
tion only at 2.0 Gy per fraction once daily to 60 Gy. 
Median survival for radiation only was 11.4 months; 
for chemotherapy and radiation, 13.2 months; and 
for hyperfractionated irradiation, 12 months. A sta-
tistical improvement in survival was achieved in the 
chemoradiation group but not in the hyperfraction-
ated radiation group. In both of these studies, 5-year 
survivals were approximately doubled by the addition 
of chemotherapy compared with radiation alone.

Concurrent chemoradiation has been shown 
to be superior to sequential chemoradiation. Furuse 
et al. (63) conducted a phase 3 study of concurrent 
versus sequential radiotherapy in combination with 
mitomycin, vindesine, and cisplatin in patients with 
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with cisplatin-etoposide. The addition of targeted 
agents has not yet been proven to improve outcome. 
Indeed, SWOG 0023 randomized patients to gefit-
inib or placebo after standard etoposide platinum 
with radiation followed by consolidation docetaxel. 
This trial was closed early due to a survival disadvan-
tage in the targeted therapy arm (70). Interestingly, 
the control arm of this study had amongst the best 
survival rates ever seen in this disease. The role of 
consolidation chemotherapy is controversial. It is 
included in most trials and those trials employing 
consolidation have typically shown higher survival 
than those without. However, the Hoosier Oncology 
Group (HOG) conducted a study of standard cispla-
tin etoposide with radiation followed by docetaxel 
consolidation versus no consolidation and showed 
no benefit to the consolidation (71). This trial is criti-
cized for lack of power as well as for an imbalance 
in pulmonary function in favor of the nonconsoli-
dation arm. Despite the results of this trial, CTEP 
has mandated consolidation chemotherapy in several 
ongoing phase 3 trials.

To date, no clear advance in chemotherapy over 
cisplatin plus etoposide has been made for combined 
modality therapy. The Lilly-sponsored JMIG study 
is testing the newer combination of pemetrexed and 
cisplatin against standard etoposide and cisplatin 
for patients with nonsquamous stage III NSCLC in 
hopes of achieving better tolerance and efficacy with 
the newer regimen. Radiation delivery has not been 
optimized either. Hyperfractionated radiation has 
not been found superior to single daily fractionation 
in several trials. Ongoing studies explore rad iation 
dosing with the RTOG now studying 60 versus 
74 Gy in combination with weekly low-dose carbo-
platin and paclitaxel. In addition, a meta-analysis is 
currently being performed to evaluate the potential 
benefits of altered RT fractionation compared with 
standard daily fractionation.

Advanced NSCLC: (Stage IV) Systemic 
Chemotherapy

Advanced NSCLC (stage IV) is an incurable dis-
ease usually treated with palliative intent. With best 
supportive care (BSC) alone, the median survival 
of advanced NSCLC patients is approximately 3–6 
months, and 1-year survival rates are less than 10% 
(72). It is well known that survival can be prolonged 
with systemic chemotherapy. Perhaps even more 

26 months versus 8 months (P < .001) and DFS was 
20 months versus 5 months (P < .001) both in favor 
of the chemotherapy plus surgery arm. These trials 
were both planned to be larger studies, but each was 
stopped early due to the pronounced survival advan-
tage of chemotherapy in interim analyses. The limi-
tations of these trials include small sample size, use 
of chemotherapy regimens not in common practice 
today, and uncontrolled use of radiation. The Rosell 
trial has also been criticized for the much lower than 
expected survival in the surgery alone arm. A larger 
randomized French trial showed a survival advantage 
for neoadjuvant chemotherapy for N0 and N1 dis-
ease, but not for N2 disease (67).

Studies of surgery after neoadjuvant chemora-
diation have not shown an overall survival benefit to 
the addition of surgery to standard chemoradiother-
apy. The Intergroup 0139 trial (68) evaluated patients 
with N2 disease who were randomly assigned to two 
cycles of cisplatin and etoposide with 45 Gy radia-
tion therapy followed by resection and adjuvant 
chemotherapy versus the nonsurgical arm in which 
radiation was given to 60 Gy with identical chemo-
therapy. The surgery arm had a significant increase in 
5-year progression-free survival (PFS: 22% vs. 11%), 
but only a nonsignificant trend toward better overall 
survival (5-year survival rate: 27% vs. 20%). The lack 
of survival benefit in the surgical arm is attributable 
to more treatment-related deaths in the surgery arm 
compared with the chemoradiation arm (8% vs. 2%), 
particularly in patients undergoing pneumonectomy. 
Right pneumonectomy was particularly toxic in these 
patients with mortality in excess of 20%. EORTC 
08941 (69) evaluated the role of surgery versus RT 
after induction chemotherapy. A total of 579 patients 
with biopsy-proven stage III (N2) NSCLC received 
three cycles of platinum-based chemotherapy, fol-
lowed by randomization to surgery or thoracic RT. 
Median survival and 5-year overall survival rates 
were similar (16.4 vs. 17.5 months and 16% vs. 14% 
for the surgery and RT groups, respectively; HR 
1.06, 95% CI 0.84–1.35).

Given these results, standard therapy for most 
good PS patients with stage IIIA or B NSCLC is 
definitive chemoradiation. Cisplatin-based therapy 
is preferred. The U.S. standard is etoposide and cis-
platin concurrent with radiation although weekly 
low dose carboplatin and paclitaxel are often used. 
While no head-to-head comparison is available, all 
of the results reported with carboplatin and pacli-
taxel with radiation are inferior to those reported 
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0.37–0.47; P < .0001) and 1-year survival (OR 0.80; 
95% CI 0.70–0.91; P < .0001). However, the addition 
of a third agent resulted in increased tumor response 
(OR 0.68; 95% CI 0.58–0.75; P < .0001), increased 
toxicity, without any impact on survival (OR 1.01; 
95% CI 0.85–1.21; P = .88). This meta-analysis con-
firmed the prevailing impression that a doublet che-
motherapy regimen is optimal for first-line treatment 
of advanced NSCLC.

Choice of Platinum Agent
There has been continued debate regarding the 
choice of platinum agent—cisplatin or carboplatin. 
Two large meta-analyses addressed this question. 
Ardizzoni et al. (80) included 2,968 patients from 
nine clinical trials. Cisplatin was associated with a 
higher ORR than carboplatin (30% vs. 24%, respec-
tively; HR = 1.37; 95% CI = 1.16 to 1.61; P < .001). 
Carboplatin treatment was associated with a non-
statistically significant increase in the hazard of mor-
tality relative to treatment with cisplatin (HR = 1.07; 
95% CI = 0.99 to 1.15; P = .100). In a subset analy-
sis, patients with nonsquamous tumors and those 
treated in combination with a third-generation che-
motherapy agent, carboplatin-based chemotherapy 
was associated with a statistically significant increase 
in mortality (HR = 1.12; 95% CI = 1.01–1.23 and 
HR = 1.11; 95% CI = 1.01–1.21, respectively). 
Cisplatin-based chemotherapy was associated with 
more severe nausea and vomiting and nephrotoxic-
ity; however, severe thrombocytopenia was more 
frequent during carboplatin-based chemotherapy. 
Hotta et al. (81) evaluated 2,948 patients from eight 
trials. Cisplatin therapy was associated with higher 
response rates. Overall survival was not significantly 
different (HR = 1.050; 95% CI, 0.907–1.216; P = 
.515); however, as with Ardizzoni’s analysis, subset 
analysis of cisplatin with a newer agent (gemcitabine, 
paclitaxel, or docetaxel) versus carboplatin with the 
same new agent revealed a statistically significant 
improvement in survival for cisplatin (HR = 1.106; 
95% CI = 1.005 to 1.218; P = .039).

Overall, cisplatin has been shown to have higher 
response rates compared to carboplatin, and a sur-
vival benefit has been seen in several studies. Meta-
analyses confirm a survival benefit to cisplatin over 
carboplatin when combined with the standard sec-
ond agents in common use today. Although both 
agents are acceptable, cisplatin is preferred in a good 
PS patient in the absence of any contraindications.

importantly, chemotherapy can also reduce disease-
related symptoms and improve quality of life. This 
was established by several trials that compared BSC 
versus chemotherapy plus BSC. A meta-analysis of 
these trials conducted by the NSCLC collaborative 
group (11 trials of BSC vs. BSC plus chemotherapy) 
showed a survival benefit with cisplatin-based che-
motherapy, with a 27% reduction in the risk of 
death, an absolute improvement in survival of 10% 
by 1 year and an increased median survival of about 
1½ months (73).

The European Big Lung trial was conducted 
to confirm the survival benefit shown in the meta-
analysis and also to study the impact on quality of 
life and cost issues (74). A total of 725 patients with 
advanced NSCLC were randomized to BSC alone, 
or BSC with cisplatin-based chemotherapy. Median 
survival was 8 months in the chemotherapy arm ver-
sus 5.7 months in the BSC-alone arm, (HR 0.77; 
95% CI 0.66–0.89, P = .0006), despite an increase 
in treatment-related deaths of 19 (5%) in the chemo-
therapy arm. A total of 273 patients were included 
in the quality of life (QOL) substudy and although 
there were no significant differences in overall QOL 
between the two arms, a large negative effect of 
chemotherapy on QOL was not seen (75).

First-Line Chemotherapy
Based on the above trials, platinum-based chemo-
therapy was established as the standard of care for 
patients with advanced NSCLC and good PS. In the 
past, older agents such as vinca alkaloids, epipodo-
phyllotoxins, and mitomycin were used with cispla-
tin (76). However, in recent years, platinum has been 
used in combination with other active single agents 
such as gemcitabine, paclitaxel, docetaxel, pem-
etrexed, and irinotecan with good results and better 
toxicity profile. For patients with poor PS, single-
agent chemotherapy can be considered although tri-
als of doublet versus single-agent chemotherapy for 
patients with PS 2 generally show a survival advan-
tage to the doublet regimen (77,78).

Number of Agents
Delbaldo et al. (79) conducted a meta-analysis of 
13,601 patients from 65 trials comparing a doublet 
regimen with a single-agent regimen or comparing 
a triplet regimen with a doublet regimen in patients 
with advanced NSCLC. The addition of a second 
drug increased tumor response (OR 0.42; 95% CI 
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interaction; P = .003). Extending chemotherapy was 
associated with more frequent adverse effects in all 
trials and impaired HRQL in two of seven trials.

Maintenance Therapy
Another issue is the continuation of therapy with a 
single agent with known activity in advanced, refrac-
tory NSCLC following a defined duration of first-line 
platinum-based therapy. This is often characterized 
as maintenance therapy but may be better referred 
to as early second-line therapy. A phase 3 study by 
Fidias et al. (87) randomly assigned patients to either 

immediate or delayed docetaxel after initial treat-
ment with gemcitabine and carboplatin. Median PFS 
for immediate docetaxel was significantly greater 
than for delayed docetaxel (5.7 vs. 2.7 months; P = 
.0001). Median overall survival (OS) for immediate 
docetaxel was greater than for delayed docetaxel, but 
the difference was not statistically significant (12.3 
vs. 9.7 months; P = .0853). QOL results were not 
statistically different (P = .76) between docetaxel 
groups. An important confounding factor in analyz-
ing these data is that about 37% of patients in the 
delayed docetaxel arm never received docetaxel ther-
apy. OS for patients in the delayed arm who actually 
received docetaxel therapy was 12.5 months (95% 
CI, 9.6–14.6 months), which was identical to the 
OS observed in the immediate docetaxel arm (12.5 
months; 95% CI = 10.6–15.8). These findings suggest 
that it may be the exposure to the active second-line 
agent rather than the duration or timing of therapy 
that confers an improvement in survival (88).

Ciuleanu et al. (89) evaluated pemetrexed and 
BSC versus placebo and BSC in patients with stage 
IIIB/IV NSCLC who had not progressed after four 
cycles of platinum-based chemotherapy. PFS was 
improved on the pemetrexed arm compared to pla-
cebo (4.3 vs. 2.6 months; HR = 0.502, 95% CI = 
0.42–0.61, P < .00001) especially in patients with 
nonsquamous cancers. OS was 13.4 months with 
pemetrexed and 10.6 months with placebo (HR = 
0.79, 95% CI = 0.65–0.95, P = 0.012). Toxicities were 
higher in the pemetrexed arm, including grade 3/4 
anemia (16% vs. 4%; P < .001); fatigue (5% vs. 0.5%) 
and neutropenia (2.9% vs. 0%). Grade 3/4 toxicities 
did not increase significantly in patients who received 
≥6 and ≥10 cycles of pemetrexed (4.5% vs. 1.4%). 
There was no survival improvement with pemetrexed 
in squamous cell cancers. As with the Fidias trial, 
there is a substantial problem in interpretetation of 

Duration of Therapy

The optimal duration of therapy in advanced NSCLC 
is in flux. ASCO guidelines for treatment of patients 
with unresectable NSCLC (2003 update) state that 
first-line chemotherapy should be administered for 
no more than six cycles and should be stopped at four 
cycles in patients not responding to treatment (82). 
These guidelines were based on several clinical tri-
als evaluating the duration of chemotherapy in 
advanced NSCLC. Smith and colleagues (83) con-
ducted a trial in which 308 patients were random-
ized to three, compared with six cycles of mitomycin, 
vinblastine, and cisplatin (MVP). The response rate, 
time to disease progression, and overall survival were 
identical between the two arms. Fatigue was signifi-
cantly decreased in the patients receiving three cycles 
and there was a trend toward decreased nausea and 
vomiting. The authors concluded that there was no 
benefit to continuing MVP chemotherapy beyond 
three cycles in patients with advanced NSCLC. A 
second trial by Socinski et al. (84) randomized 230 
patients to four cycles of carboplatin at an area under 
the curve of 6 and paclitaxel 200 mg/m2 every 21 
days or continuous treatment with carboplatin/
paclitaxel until progression. This study showed no 
overall benefit in survival, response rates, or QOL 
to continuing treatment with carboplatin/paclitaxel 
beyond four cycles in advanced NSCLC. There were 
no significant differences in toxicities, except neu-
ropathy, which increased from 19.9% at cycle 4 to 
43% at cycle 8. Similarly, another trial by von Plessen 
et al. (85) randomized 297 patients with advanced 
NSCLC to either three or six cycles of carboplatin 

plus vinorelbine. There were no response, survival, or 
quality-of-life differences demonstrated.

More recently, a meta-analysis of 3,027 patients 
from 13 trials was conducted by Soon et al. (86). This 
meta-analysis included trials that compared standard 
duration of chemotherapy (2–8 cycles) to prolonged 
chemotherapy that was continued until progression 
or unacceptable toxicity. Extending chemotherapy 
was associated with a clinically modest, but statisti-
cally significant improvement in overall survival with 
an 8% reduction in the hazard for death as compared 
with a standard duration of chemotherapy (HR = 
0.92; 95% CI = 0.85–0.99; P = .03); PFS was sub-
stantially improved (HR = 0.75; 95% CI = 0.69–
0.81; P < .00001), especially for trials extending 
chemotherapy with third-generation regimens rather 
than older regimens (HR, 0.70 interaction vs. 0.92 
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studies is due to the timing of treatment or due to 
actual exposure to the drug. The data from SATURN, 
however, are not applicable outside the setting of stage 
IV disease, as seen in the S0023 trial, which studied 
maintenance gefitinib (70). Patients included on this 
trial had inoperable stage III disease and were initially 
treated with concurrent chemoradiation therapy (cis-
platin/etoposide with radiation), followed by three 
cycles of consolidation chemotherapy with docetaxel. 
Patients with nonprogressing disease were randomized 
to oral gefitinib 250 mg/day or placebo, until disease 
progression or unacceptable toxicity. With a median 
follow-up time of 27 months, median survival time 
was 23 months for gefitinib (n = 118) and 35 months 
for placebo (n = 125; two-sided P = 0.013).

Impact of Histology
The choice of chemotherapy can impact response 
rates and survival in specific histological subtypes 
of NSCLC. Scagliotti et al. (92) conducted a phase 
3 randomized trial comparing cisplatin and gemcit-
abine versus cisplatin and pemetrexed for the first-
line treatment of patients with advanced NSCLC. 
Overall survival for cisplatin/pemetrexed was nonin-
ferior to cisplatin/gemcitabine (median survival, 10.3 
vs. 10.3 months, respectively; HR = 0.94; 95% CI = 
0.84–1.05). In a preplanned analysis of response by 
histology, OS was statistically superior for cisplatin/
pemetrexed versus cisplatin/gemcitabine in patients 
with adenocarcinoma (12.6 vs. 10.9 months, respec-
tively) and large-cell carcinoma histology (10.4 vs. 
6.7 months, respectively). In contrast, in patients 
with squamous cell histology, there was a significant 
improvement in survival with cisplatin/gemcitabine 
versus cisplatin/pemetrexed (10.8 vs. 9.4 months, 
respectively). This was the first study to show a differ-
ence in survival based on histology and has changed 
clinical practice for the first-line treatment of patients 
with metastatic NSCLC.

Targeted Agents in First-Line Setting
The epidermal growth factor receptor (EGFR 
[HER1 or c-erbB-1]) belongs to the erbB family of 
growth factor receptors, which also includes HER2, 
HER3, and HER4 proteins. EGFR is overexpressed 
in almost 70% of NSCLCs (93). The HER family 
proteins consist of an extracellular ligand-binding 
domain, transmembrane component and an intracel-
lular tyrosine kinase domain. EGFR exists as a mono-
mer on the cell surface, but must dimerize to activate 

these data in that the majority of patients on the 
placebo arm did not receive pemetrexed therapy 
at progression. It is impossible to evaluate whether 
immediate versus delayed second-line pemetrexed 
produces a survival advantage based on these data. 
However, based on these results, so-called mainte-
nance therapy with pemetrexed was approved by the 
FDA in 2009 for patients with advanced NSCLC 
who have stable disease after standard chemotherapy. 
Whether true maintenance with pemetrexed after 
initial pemetrexed-based therapy will result in a sur-
vival advantage is unknown.

Targeted therapy has also been recently evalu-
ated as a maintenance strategy. The two trials evalu-
ating erlotinib as maintenance in patients with 
nonprogressing disease after first-line platinum-
based chemotherapy were the ATLAS and SATURN 
trials. In the ATLAS (90) trial 1,160 patients initially 
received four cycles of platinum-based chemotherapy 
with bevacizumab; following this, 768 patients with 
nonprogressing disease were randomized to mainte-
nance therapy with either bevacizumab and erlotinib 
or bevacizumab and placebo, which was given until 
progression. Median PFS was 4.8 months for (B + E) 
versus 3.7 months for (B + P), HR = 0.722 (95% CI = 
0.592–0.881), P = .0012. Overall survival data are 
not available.

In the SATURN trial (91), 1,949 patients with 
advanced NSCLC initially received four cycles of 
platinum-based doublet therapy; following which 889 
patients with nonprogressing disease were randomized 
to either erlotinib or placebo. Maintenance therapy 
with erlotinib 150 mg/day resulted in an increase 
in PFS, from 40% to 53% at 12 weeks and 17% to 
31% at 24 weeks, compared with  placebo (HR = 0.71 
[95% CI = 0.62–0.82] P < .0001). The patients were 
also assessed for the presence of EGFR mutation, 
and although there was some benefit even in patients 
with wild type EGFR, this was significantly higher 
in patients documented to have the EGFR mutation 
(HR = 0.10, 95% CI = 0.04–0.25; P < .0001). OS, 
which was a secondary endpoint, was also slightly but 
significantly improved in the erlotinib arm (12 vs. 11 
months). Although erlotinib is already approved as a 
second-line chemotherapy agent, it is anticipated that 
on the basis of these results, it may be approved as a 
maintenance treatment in the first-line setting.

It is important to note all the above trials used 
agents that are approved drugs in the second-line set-
ting (docetaxel, pemetrexed, and erlotinib). It remains 
unclear as to whether the survival benefit seen in these 
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(HR = 0.741, 95% CI = 0.651–0.845; P < .0001); 
although this effect was not constant over time, ini-
tially favoring the C/P arm, and then favoring the 
gefitinib arm. This was described as being due to the 
differences in PFS in patients with EGFR mutation 
positive and negative tumors. ORR was higher in 
the gefitinib arm and OS was similar in both arms; 
however, follow-up is still ongoing. When analyzed 
by EGFR mutation status, mutation positive patients 
(60% of this selected Asian population) had signifi-
cantly longer PFS and higher ORR and mutation 
negative patients had significantly shorter PFS and 
lower ORR with G than C/P. These data empha-
size the importance of assessment of EGFR muta-
tion status even in patients meeting clinical criteria 
for enrichment in EGFR mutations. The detriment 
in survival from exposure of patients without EGFR 
mutations to first line EGFR TKIs is significant. 
The use of erlotinib as a first-line agent has been dis-
cussed under maintenance therapy and will not be 
repeated here.

Cetuximab is a monoclonal antibody directed 
against EGFR that has shown activity in NSCLC. 
The FLEX (99) trial is a phase 3 trial in which 
patients with EGFR-expressing stage wet IIIB or 
stage  IV NSCLC were  randomly  assigned  in  a  1:1 
ratio to cisplatin and vinorelbine chemotherapy plus 
cetuximab or chemotherapy alone. Patients on the 
cetuximab arm had an improved OS compared with 
those in the chemotherapy-alone group (median 11.3 
vs. 10.1 months; HR for death = 0.871, 95% CI = 
0.762–0.996; P = .044); however, toxicities including 
rash, diarrhea, and infusion reactions were higher in 
this arm.

Angiogenesis Inhibitors
Angiogenesis is the process of formation of new 
blood vessels and is an important step in tumor 
growth and metastases (100,101). Angiogenesis is 
primarily regulated by vascular endothelial growth 
factor (VEGF), which is a homodimeric glycopro-
tein (102). VEGF causes endothelial cell prolifera-
tion and formation of new blood vessels by  binding 
to its tyrosine kinase receptors and inducing intra-
cellular signaling pathways by dimerization  similarly 
to EGFR. VEGF is a potentially important thera-
peutic target in NSCLC.

Bevacizumab is a monoclonal antibody to VEGF, 
which has been shown to improve survival of patients 
with nonsquamous lung cancer over chemotherapy 
alone when used in combination with carboplatin 

the tyrosine kinase. EGFR signaling is triggered by 
the binding of growth factors, such as epidermal 
growth factor (EGF), resulting in homodimerization 
of EGFR molecules or heterodimerization with other 
closely related receptors, such as HER2/neu (94). 
Autophosphorylation and transphosphorylation of 
the receptors through their tyrosine kinase domains 
leads to recruitment of downstream effectors and 
activation of proliferative and cell-survival signals 
(95). Overexpression or mutation of EGFR can lead 
to inappropriate activation and provide a target for 
novel therapies.

Activating mutations of EGFR are seen most 
commonly in women, Asians, never-smokers, and 
patients with adenocarcinoma. Erlotinib and gefit-
inib are orally administered EGFR tyrosine kinase 
inhibitors that inhibit EGFR signaling by binding to 
the intracellular tyrosine kinase domain. EGFR path-
way activation can be assessed by evaluation of EGFR 
mutation status by gene sequencing, EGFR gene copy 
number by FISH and EGFR protein expression by 
immunohistochemistry (IHC). The clinical use of 
EGFR active agents including TKIs and monoclonal 
antibodies (cetuximab) in advanced NSCLC will be 
briefly discussed here.
Erlotinib and gefitinib are EGFR TKIs and are being 
increasingly used in patients with advanced NSCLC. 
Erlotinib is approved for use in the second-line set-
ting in the United States. Gefitinib is widely used in 
Asia but is no longer marketed in the United States. 
EGFR mutations were first reported in 2004 in exons 
19 and 21, which correspond to the tyrosine kinase 
domain of EGFR (94,96). These mutations affect the 
ATP-binding cleft of the EGFR, which is also the 
EGFR TKI binding site. In vitro, the EGFR mutants 
appear to have prolonged and increased tyrosine 
kinase activity in the presence of ligand, and they 
display markedly enhanced susceptibility to inhibi-
tion by EGFR TKIs (97).

Several clinical trials are being conducted to 
study EGFR TKIs in the first-line setting. The IPASS 
(Iressa Pan Asia Study) (98) was an open label, rand-
omized noninferiority trial that assessed the efficacy, 
safety, and tolerability of Gefitinib versus standard 
chemotherapy with carboplatin/paclitaxel as first-
line treatment in a clinically selected population of 
patients from Asia. A total of 1,217 patients (never 
or light ex-smokers) with stage IIIB/IV adenocarci-
noma were randomized to gefitinib 250 mg/day or 
carboplatin AUC 5 plus 6/paclitaxel 200 mg/m2 every 
3 weeks. Among all patients, PFS favored gefitinib 
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NSCLC benefit from chemotherapy compared to 
BSC was first demonstrated in the ELVIS (Elderly 
Lung Cancer Vinorelbine Italian Study) trial (106). 
In this trial, elderly patients receiving vinorelbine 
had improved median survival (28 vs. 21 weeks, P = 
0.03; 1-year survival 32% vs. 14%) and better quality 
of life when compared to BSC.

MILES was a phase 3 trial comparing vinor-
elbine plus gemcitabine to each drug given alone in 
elderly (>70) patients with advanced NSCLC (107). 
The primary endpoint was overall survival. Results 
showed that the combination of both drugs did not 
improve survival when compared with each drug 
alone. Toxicity was worse in the combination arm, 
but quality of life was not significantly different. In 
contrast, other trials have shown that elderly patients 
with good PS benefit from combination chemo-
therapy with a similar improvement in survival as 
younger patients. Another Italian study by Frasci 
et al. (108) compared vinorelbine plus gemcitabine 
versus vinorelbine alone in 120 elderly patients with 
advanced NSCLC. Results of this trial showed a sta-
tistically significant survival advantage for patients 
receiving the two-drug combination, with slightly 
higher but acceptable rates of neutropenia in the 
two-drug arm.

Langer et al. (109) performed a retrospective 
analysis of ECOG 5592, a phase 3 randomized trial 
of cisplatin plus either etoposide or paclitaxel (at 
two different doses) for NSCLC. Outcomes were 
compared in patients >70 years old versus younger 
patients. Response rates, median time to progres-
sion, and survival rates were similar in elderly and 
younger patients. Toxicities were similar in both age 
groups except leukopenia and neuropsychiatric toxic-
ity. Lilenbaum et al. (110) randomized 561 patients 
with advanced NSCLC to carboplatin/paclitaxel ver-
sus paclitaxel alone. Combination chemotherapy was 
associated with an improvement in response rate and 
failure-free survival, and a trend toward improved 
overall survival that was not statistically significant. 
On subset analysis, similar results were obtained in 
elderly patients.

Elderly patients with good performance status 
should receive standard platinum-based doublet 
therapy. Toxicities may be increased in these patients; 
however, data show a survival benefit similar to, if 
not better than, that for younger patients. Elderly 
patients with poor performance status can be treated 
with single-agent therapy. EGFR TKIs may be a 
good option in some elderly patients due to ease of 

and paclitaxel (103). The benefit of addition of this 
agent to newer chemotherapy combinations is uncer-
tain and remains under study. Other antiangiogenic 
agents that are being studied in NSCLC include 
VEGFR-TKIs (Sorafenib, Sunitinib).

Bevacizumab was the first targeted agent to be 
approved in the first-line setting for patients with 
advanced NSCLC. ECOG 4599 (103), a phase 3 study 
comparing carboplatin and paclitaxel alone versus car-
boplatin and paclitaxel with bevacizumab at a dose of 
15 mg/kg every 3 weeks. Patients with squamous his-
tology, brain metastases, uncontrolled hypertension, 
hemoptysis, and clinically significant cardiac disease 
were excluded. A total of 878 patients were enrolled, 
and patients treated on the bevacizumab- containing 
arm had a statistically higher response rate (35% vs. 
15% P < .001), PFS (6.2 vs. 4.5 months; HR for dis-
ease progression = 0.66; P < .001), and overall survival 
(12.3 vs. 10.3 months HR for death = 0.79; P = .003). 
The rates of clinically significant bleeding, hyperten-
sion, and proteinuria were higher in the bevacizumab 
arm, and there were 15 treatment-related deaths. 
Bevacizumab is not approved for patients with squa-
mous histology, active hemoptysis, untreated brain 
metastases, and uncontrolled hypertension. Subset 
analysis failed to show a survival advantage of beva-
cizumab in women or in patients older than 70 years. 
Although this was the first trial to show an overall 
survival improvement on addition of a targeted agent 
with chemotherapy, the toxicities must be considered 
prior to selecting patients for this therapy. Another 
phase 3 trial, the AVAIL (104) trial, evaluated the 
effect of gemcitabine and cisplatin with or without 
two different doses of bevacizumab and did not detect 
a difference in overall survival with the addition of 
either dose of bevacizumab. Some investigators have 
suggested that bevacizumab may augment activity of 
older chemotherapy in certain subsets of patients but 
may not add much to newer chemotherapy regimens. 
A phase 3 trial comparing carboplatin, paclitaxel, 
and bevacizumab, the E4599 regimen, to the newer 
platinum pemetrexed combination with maintenance 
bevacizumab in the first arm and pemetrexed in the 
second is ongoing.

Elderly Patients
Most patients with NSCLC are elderly, with a 
median age at diagnosis of approximately 68 years 
(105). However, most elderly patients do not receive 
systemic chemotherapy, even with a good perfor-
mance status. The fact that elderly patients with 

http://www.uptodate.com/online/content/topic.do?topicKey=drug_l_z/279795&drug=true
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standard of care. Weekly docetaxel is sometimes used 
instead of the 3-week regimen, and may be preferred 
in patients with a high risk of cytopenias, since this 
is associated with a lower rate of neutropenia and 
better compliance without compromising efficacy 
(113,114).

Pemetrexed is a multitargeted anti-folate drug 
approved for the first- and second-line treatment of 
patients with metastatic NSCLC. The second-line 
approval was based on a phase 3 trial by Hanna et al. 
(115) comparing pemetrexed to docetaxel in this set-
ting. A total of 571 patients with advanced NSCLC 
and progression after one prior chemotherapy regi-
men were randomized to either docetaxel or peme-
trexed every 3 weeks. Overall response rates, median 
progression-free survival and overall survival rates 
were similar in both arms; however, pemetrexed was 
associated with significantly less toxicity including 
lower incidence of neutropenia and neutropenic fever 
when compared with docetaxel. Subsequent analysis 
of these data by histology confirms a benefit prima-
rily in patients with adenocarcinoma and large cell 
NSCLC. In patients with nonsquamous histology 
who did not receive pemetrexed along with a plati-
num agent as first-line therapy, pemetrexed should be 
considered a standard second-line therapy.

Erlotinib was approved as a second-line agent on 
the basis of results from the BR.21 study (116). This 
was a randomized, double-blind, placebo- controlled 
phase 3 trial in patients with stage IIIB/IV NSCLC 
who had failed first- or second-line therapy. A total 
of  731  patients  were  randomized  in  a  2:1  ratio  to 
receive either erlotinib 150 mg/day or placebo. The 
response rate was 8.9% in the erlotinib group and 

<1% in the placebo group (P < .001); the median 

duration of the response was 7.9 and 3.7 months, 
respectively. PFS was 2.2 and 1.8 months, respec-
tively (HR = 0.61; P < .001). Overall survival was 
6.7 and 4.7 months, respectively (HR = 0.70; P < 
.001), in favor of erlotinib. Quality of life analysis 
also favored the erlotinib arm, with more patients in 
this arm showing an improvement in cough, pain, 
dyspnea and overall physical function. Subsequent 
studies have suggested that the majority of benefit 
from EGFR TKIs is seen in patients with activating 
mutations of EGFR. BR.21 importantly showed that 
in the second- and third-line setting there was no 
patient subgroup that did not derive benefit from the 
active treatment. The presence of EGFR gene muta-
tions was not predictive of a survival benefit from 
erlotinib in this study; however, multivariate analysis 

administration and toxicity profile; however, many 
patients have less toxicity from single-agent peme-
trexed than erlotinib. Clinical trial representation in 
the elderly is also poor. There has been a tendency to 
group elderly patients along with poor PS patients in 
clinical trials, and information obtained from these 
trials is likely not applicable to the elderly popula-
tion in general. Data show that fit elderly patients 
derive similar benefit from chemotherapy as younger 
patients and that PS, not age, should be considered 
when deciding optimal therapy for these patients.

Second-Line Chemotherapy
Second-line chemotherapy is given in fit patients 
with disease progression after first-line chemother-
apy. Patients with a good PS, nonsquamous histology 
and female gender are more likely to receive second-
line therapy (77). There are three agents approved in 
the United States by the FDA for second-line treat-
ment of advanced NSCLC- docetaxel, pemetrexed, 
and erlotinib.

In 1999, the first demonstration that second- 
or third-line treatment could improve survival and 
palliate symptoms led to the approval of docetaxel 
for second-line treatment. The TAX 317 (111) was 
a phase 3 trial randomizing patients with advanced 
NSCLC who had progressed on first-line platinum-
based therapy to docetaxel (75 mg/m2 or 100 mg/m2) 
or BSC. Patients on the docetaxel arm had a longer 
time to progression (10.6 vs. 6.7 weeks, respectively; 
P < .001), and median survival (7.0 vs. 4.6 months; 
log-rank test, P = .047). Patients who received the 100 
mg/m2 dose had a higher incidence of febrile neutro-
penia, leading to an amendment of dose to 75 mg/m2. 
At the lower dose, side effects were comparable with 
the exception of diarrhea. In a second phase 3 trial, 
TAX 320, 373 patients were randomized to receive 
docetaxel 100 mg/m2 or 75 mg/m2 versus a control 
regimen of vinorelbine or ifosfamide (112). Patients 
receiving docetaxel had a longer time to progression 
(P = .046) and a greater PFS at 26 weeks (P = .005). 
There was no significant difference in OS; however, 
1-year survival was higher in the docetaxel 75 mg/
m2 arm compared to control (32% vs.19%; P = .025). 
These two trials led to the approval of docetaxel for 
second-line treatment of advanced NSCLC. The 
drug is also approved with cisplatin in the front-line 
setting. The use of other agents in combination with 
docetaxel in second-line therapy have not improved 
survival rates over docetaxel alone, and single-
agent therapy in the second-line setting is currently 
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outcomes retrospectively (119). Adjuvant chemo-
therapy, as compared with observation, significantly 
prolonged survival among patients with ERCC1-
negative tumors (adjusted HR for death = 0.65; 
95% CI = 0.50–0.86; P = .002) but not among pat-
ients with ERCC1-positive tumors (adjusted HR for 
death = 1.14; 95% CI = 0.84–1.55; P = 0.40). Among 
patients who did not receive adjuvant chemotherapy, 
those with ERCC1-positive tumors survived longer 
than those with ERCC1-negative tumors (adjusted 
HR for death = 0.66; 95% CI = 0.49–0.90; P = .009) 
(Figure 1).

BRCA1 and BRCA2 mutations predispose to 
a wide variety of cancers. The proteins encoded by 
BRCA1 and 2 are involved in DNA double-strand 
break repair. Again, since cisplatin is a DNA-
damaging agent and depends on defective DNA 
repair for its activity, differential chemosensitivity to 
cisplatin has been linked to BRCA1 expression (120). 
Reduced expression of BRCA1 as seen in BRCA 
mutations correlates with sensitivity to cisplatin.

Taxanes are microtubule disrupting agents that 
primarily target tubulin. Resistance to taxanes has 
been associated with mutations in the ß-tubulin gene 
(121). Monzo et al. (121) also showed that ß-tubu-
lin mutations in NSCLC were also associated with 
poorer survival compared to patients without these 
mutations. Clinical trials have yielded conflicting 
data and the predictive and prognostic role of tubulin 
mutations is not clear.

Thymidylate synthase (TS) catalyses the methyl-
ation of 2′-deoxyuridine-5′-monophosphate (dUMP) 
to 2′-deoxythymidine-5′-monophosphate (dTMP), 
an essential precursor of nucleotide synthesis (122). 
Pemetrexed, a multitargeted antifolate, is one of the 
most active chemotherapy drugs against NSCLC. 
High expression of TS reduced sensitivity to peme-
trexed chemotherapy in preclinical models (123,124). 
TS expression levels are higher in general in squamous 
cell carcinoma compared with adenocarcinoma (125), 
which may explain the apparently greater activity of 
pemetrexed against nonsquamous cancers. Ongoing 
trials of pemetrexed often incorporate assessment of 
TS prospectively and data from these trials may help 
guide practice in the next several years.

Future Research

Until quite recently, treatment for NSCLC was mostly 
empiric. In the 21st century, numerous criteria have 

showed that Asian origin, non-smoking, and adeno-
carcinoma histology were significant independent 
predictors of survival.

Response to Chemotherapy
An in-depth discussion of all the potential biomark-
ers for chemotherapy response is beyond the scope 
of this chapter; however, several of the best-studied 
markers will be discussed below.

ERCC1 (excision repair cross-complementing ●●

group 1)
RRM1 (ribonucleotide reductase M1)●●

BRCA●●

Tubulin●●

TS (thymidylate synthase).●●

The DNA repair enzymes ERCC1 and RRM1 
are likely to be helpful in determining prognosis and 
responsiveness to chemotherapy in NSCLC. ERCC1 
is responsible for excising damaged sections of DNA 
and allowing repair. Cisplatin, the most commonly 
used drug against lung cancer worldwide, depends 
on defective DNA repair for its activity and hence 
seems to be less effective in the presence of efficient 
DNA repair. RRM1 is the gene that encodes the reg-
ulatory subunit of ribonucleotide reductase, the tar-
get of gemcitabine, hence high expression of RRM1 
seems to confer gemcitabine resistance.

High expression of ERCC1 and RRM1 was 
associated with a better prognosis in early-stage lung 
cancer in a retrospective study of 187 patients with 
early-stage resected NSCLC (117). The median dis-
ease-free survival exceeded 120 months in the group 
of patients with tumors that had high expression of 
RRM1 versus 54.5 months in the group with low 
expression of RRM1 (HR = 0.46; P = .004). The over-
all survival was more than 120 months for patients 
with tumors with high expression of RRM1 and 60.2 
months for those with low expression of RRM1 (HR 
for death = 0.61; P = 0.02). This survival advantage 
was limited to the 30% of patients with tumors that 
had a high expression of both RRM1 and ERCC1. 
In contrast, in patients with advanced disease, high 
expression of ERCC1 and RRM1 was associated with 
decreased survival in retrospective analysis of patients 
treated with platinum and gemcitabine (118). The 
IALT study demonstrated the benefit of adjuvant 
chemotherapy for patients with resected NSCLC. 
Analysis of expression of ERCC1 was correlated with 
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and stratified on the basis of known major predictive 
and prognostic factors.

Summary

NSCLC is a heterogenous disease. The main histo-
logical subtypes are adenocarcinoma (with bronchi-
oloalveolar carcinoma as a subtype), squamous cell 
carcinoma, and large cell carcinoma. Smoking is the 
most common known risk factor. Most patients pres-
ent with advanced disease and are currently consid-
ered incurable. Advances in molecular biology have 
shown distinct differences in tumor behavior and 
response to therapy based on the presence of EGFR 
mutations. Other molecular factors will be clinically 
useful in the near future. Smoking-related NSCLC is 
more likely to be either squamous cell carcinoma or 
adenocarcinoma and less likely to be associated with 
EGFR mutations (and less responsive to EGFR-TKI 
therapy). NSCLC that is not associated with smoking 

started to influence treatment decisions in individual 
patients. These include the epidemiology (smok-
ing history, ethnicity, gender, etc.), histology of the 
tumor, molecular factors, and patient characteristics. 
Clinical trials now focus on the methodology that 
will allow the molecular profiling of an individual 
patient to be taken into account while choosing the 
optimal treatment. Gene signatures are being stud-
ied for both prognostic and predictive significance. 
Testing for EGFR mutations, EML4-ALK mutations 
in nonsmokers, and k-ras, p53 mutations in smok-
ers; other markers such as β-tubulin, ERCC1, RRM1, 
BRCA, and TS have all shown promise. It is unclear 
at this time as to which of these biomarkers will prove 
to be most useful in the clinical setting and whether 
one or all of them will become a part of standard 
practice in the future. The optimal algorithm would 
be a selection of treatments from available agents 
based on patient-specific factors and the molecular 
profile of the tumor. All clinical trials should incor-
porate biologic correlates. Patients should be enrolled 

FigurE 1 Kaplan-Meier survival curves: IALT–ERCC1 expression and correlation with survival in patients 
receiving adjuvant chemotherapy versus control. From Ref. 119.
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SCLC accounts for approximately 15% of all diag-
nosed cases of lung cancer and is more prevalent in 
women than in men. It is seen almost exclusively in 
smokers and is characterized by aggressive spread 
with micrometastatic disease usually present at diag-
nosis. The details of pathology, molecular biology, 
and clinical features are discussed earlier in the chap-
ter and will not be repeated here.

Staging

The TNM staging system that is used for NSCLC is 
also standard for SCLC. However, the staging sys-
tem most widely used for SCLC was introduced by 
the Veterans’ Affairs Lung Study Group (VALSG). 
Based on this, the disease is classified as limited stage 
or extensive stage depending on whether the disease 
can be encompassed within reasonable hemithorax 
radiation fields.

Limited Stage:  Disease  confined  to  the  ipsilateral 
hemithorax and regional nodes including supra-
clavicular nodes but excluding malignant pleu-
ral effusion.

Extensive Stage:  Any metastatic  disease  outside  the 
hemithorax or a malignant pleural effusion.

Treatment

Due to the aggressive behavior of SCLC and presence 
of micrometastatic disease at diagnosis, surgery is not 
appropriate treatment and systemic chemotherapy is 
required in almost all cases. SCLC is extremely sensi-
tive to chemotherapy and radiation (127); treatment 
depends on extent of disease.

Only about one-third of all patients with 
SCLC present with limited-stage disease, and the 
remaining two-third of patients have extensive dis-
ease at the time of presentation. The standard of 
care for patients with limited-stage SCLC is chemo-
therapy with concurrent thoracic radiation. For 
patients with extensive-stage disease, chemotherapy 
alone is the standard treatment. Overall response 
rates with combined modality therapy in limited-
stage disease exceed 90%, with complete response 
rates of 50% to 70%. In extensive disease, overall 
response rates are approximately 60% to 70% with 

is more likely to be adenocarcinoma or BAC, asso-
ciated with EGFR mutations (and responsive to 
EGFR-TKIs) and carry a substantially better overall 
prognosis.

TNM staging in NSCLC has recently been 
updated with the presentation of the 7th edition by the 
staging committee of IASLC. The major changes are 
based on prognosis and therapy. Patients with early-
stage (stages I and II) disease are treated with surgical 
resection, preferably lobectomy. All eligible patients 
with stage II disease and selected patients with stage 
IB disease should undergo adjuvant treatment with 
four cycles of platinum-based chemotherapy. Patients 
with stage III disease should optimally be managed 
with combined chemoradiation therapy.

Stage IV disease is treated with chemotherapy 
and the goal of treatment is symptom palliation and 
prolongation of survival. Radiotherapy is generally 
reserved for palliation. The optimal chemotherapy 
regimen depends on patient factors such as perform-
ance status, comorbidities, smoking history, and 
histology. Molecular factors may also be taken into 
account. The standard of care for first-line chemo-
therapy is usually a platinum-based doublet; in 
 adenocarcinoma—pemetrexed along with a platinum 
agent (cisplatin preferred) is a good first choice and in 
squamous cell carcinoma—gemcitabine along with a 
platinum agent is well tolerated and effective. Elderly 
patients should also be treated similarly, provided 
they have a good performance status. In patients who 
cannot tolerate platinum-based doublets, single-agent 
chemotherapy may be given. In suitable patients, bev-
acizumab may be added to first-line carboplatin and 
paclitaxel therapy in the absence of contraindications. 
Treatment with platinum-based therapy beyond four 
to six cycles has not been associated with a survival 
benefit and can cause increased toxicity (126).

The issue of maintenance therapy is still unre-
solved; however, recent studies using pemetrexed 
or erlotinib as maintenance therapy have shown 
promise. It may be the exposure to the second-line 
agent more than the timing of therapy that actually 
provides a survival advantage. The approved agents 
for second-line therapy are erlotinib, docetaxel, and 
pemetrexed. Of these agents, pemetrexed has now 
been approved for use in the first-line setting in 
patients with adenocarcinoma. Currently bevacizu-
mab is the only targeted agent approved for use in 
the first-line setting in the United States; however, it 
is anticipated that more drug approvals will follow in 
the near future.
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Other regimens evaluated include cisplatin with 
irinotecan. A phase 3 Japanese trial (136) (JCOG 
511) randomized 154 patients to cisplatin and iri-
notecan versus cisplatin and etoposide in patients 
with extensive-stage SCLC. The median survival 
was 12.8 months in the irinotecan-plus-cisplatin 
group and 9.4 months in the  etoposide-plus-cisplatin 
group (P = .002). Myelosuppression was more com-
mon in the etoposide-cisplatin group. Two trials 
conducted in the United States attempted to confirm 
the Japanese data, but failed to show an improved 
survival with irinotecan-cisplatin. Hanna et al. (137) 
randomized 331 patients in a 2:1 ratio to cisplatin 30 
mg/m2 intravenously (IV) + irinotecan 65 mg/m2 IV 
on days 1 and 8 every 21 days, or cisplatin 60 mg/m2 
IV on day 1, and etoposide 120 mg/m2 IV on days 
1 to 3 every 21 days for at least four cycles. There 
was no significant difference in response rates (48% 
vs. 43.6%), median time to progression (4.1 vs. 4.6 
months), or overall survival (median survival time, 
9.3 months vs. 10.2 months; P = 0.74). Natale et al. 
(138) randomized 651 patients to IP versus EP. This 
trial also did not show any difference in response 
rates, median survival, and overall survival in the 
two groups. The different results in the Japanese and 
American trials were attributed to the pharmacog-
enomic differences in these populations. Toxicities 
were similar in these trials, with more myelosuppres-
sion in the etoposide arm and more diarrhea in the 
irinotecan arm.

The addition of a third agent to EP has increased 
toxicity without improving outcome similarly to 
the situation for NSCLC (139). The optimal dura-
tion of treatment is four to six cycles. Prolonged 
duration of chemotherapy or “consolidation” chem-
otherapy has not been shown to provide a survival 
benefit. E7593 (140) was a phase 3 trial in which 
patients were randomized to four cycles of topote-
can (1.5 mg/m2 daily for 5 days every 3 weeks) or 
observation after stable or responding disease with 
four cycles of EP for extensive-stage SCLC. PFS 
was improved in the topotecan arm compared with 
observation (3.6 vs. 2.3 months; P < .001); how-
ever, there was no difference in overall survival (8.9 
vs. 9.3 months; P = .43). Toxicity including myelo-
suppression was increased in the patients receiving 
topotecan.

Increased dose intensity (higher dose or more 
frequent cycles) of chemotherapy has been evalu-
ated; however, no survival benefit was observed (141). 
Elderly patients with good performance status have a 

chemotherapy alone and 20% to 30% of patients 
may have CR (128).

In limited-stage disease, the goal of treatment 
is cure. However, even with the high response rates 
most patients relapse. With standard etoposide/
platinum and radiation, median, survival is only 18 
to 24 months, with a 5-year survival rate of about 
25%. Survival is extremely poor in extensive-stage 
SCLC, with a 2-year survival rate of less than 5% 
and median survival of 10 to 14 months. However, 
an extremely small subset of patients are cured (129). 
To date, no chemotherapy regimen has improved on 
standard cisplatin and etoposide.

Radiation Therapy
The use of thoracic radiation in limited-stage SCLC 
is associated with an improved local control rate and 
improved survival (130). Details of thoracic radiation 
therapy are discussed in the radiation therapy sec-
tion. In general, concurrent chemoradiation is better 
than sequential therapy in limited-stage SCLC (131) 
and early radiation results in better local control and 
improved survival compared to late radiation. Turrisi 
et al. (132) conducted a randomized study in which 
412 patients with limited-stage SCLC were random-
ized to concurrent chemoradiation using a dose of 45 
Gy delivered either once daily over 5 weeks or twice 
daily over 3 weeks. Median survival was 23 versus 19 
months and 5-year survival was 26% versus 16% in 
favor of the twice-daily radiation arm.

Systemic Chemotherapy
The standard chemotherapy used with concurrent 
radiation is cisplatin and etoposide (133). This has 
been shown to be superior to cyclophosphamide, 
doxorubicin, vincristine (CAV) in both efficacy and 
toxicity in limited-stage disease (134). Carboplatin is 
sometimes substituted for cisplatin in patients who 
cannot tolerate cisplatin. A small randomized Greek 
study comparing etoposide-cisplatin to etoposide-car-
boplatin showed no significant difference in median 
survival; however, overall response rates were slightly 
higher in the cisplatin group and complete response 
rates were substantially higher (135). Cisplatin is 
associated with higher incidence of emesis, neuro-
toxicity, and nephrotoxicity; however, carboplatin 
is associated with more myelosuppresion. Cisplatin 
should be used in the absence of contraindications 
especially in limited-stage disease due to the higher 
complete response rates and  potential for cure.
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Summary

SCLC is a highly aggressive malignancy that usu-
ally presents with metastatic disease or micrometas-
tases even when apparently localized at diagnosis. It 
is almost exclusively a disease of smokers. Simplified 
staging is on the basis of whether all known gross dis-
ease can be safely encompassed within radiotherapy 
fields and classified as limited or extensive stage. The 
treatment of choice for limited-stage disease is con-
current chemoradiation therapy with cisplatin and 
etoposide. Twice-a-day radiation is associated with a 
survival advantage and is preferred in patients who can 
tolerate it although alternate radiation dosing and frac-
tionation are under study. Patients with any degree of 
favorable response after chemoradiation should receive 
prophylactic cranial irradiation (PCI), which reduces 
brain metastases and improves survival. Extensive-
stage disease is usually incurable and the treatment of 
choice is chemotherapy with cisplatin and etoposide 
for four to six cycles. PCI improves survival in these 
patients as well and for patients who respond com-
pletely; radiation to the primary site should be consid-
ered as it also improves survival. Patients who relapse 
within 3 months after first-line therapy have a poor 
prognosis and are considered refractory. Patients who 
relapse 3 months after first-line therapy may be treated 
with second-line therapy with topotecan.
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I N T RO D U C T I O N ■

Worldwide, there were over 462,000 cases of esopha-
geal cancer in 2006, with nearly double the  incidence 
in less-developed countries compared to well-
 developed regions (8). On the basis of international 
epidemiological data, over 83% of esophageal can-
cer diagnoses result in death, surpassed only by the 
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In 2009 there will be over 16,000 new cases of esophageal cancer in the United States with a 10.9% death rate 
increase among males in the population since 1990 (1) and at least 350% increase in the incidence of adenocarci-
nomas (ACA) predominantly of the distal esophagus and gastroesophageal junction (GEJ) (2). With the exception 
of patients with early mucosal (T1N0) or distant metastatic disease, patient outcome is superior with combined-
modality therapy compared with radiation or surgery alone. The addition of concurrent chemotherapy to defini-
tive radiotherapy improves patient survival from 0% to 27% at 5 years (3). At least nine randomized trials of 
preoperative chemoradiotherapy (CRT) compared with surgery alone have been conducted. Though the benefit of 
neoadjuvant CRT has not been demonstrated in all trials, key trials report significant improved patient outcome 
(4–6). Furthermore, collective analysis of all studies have determined a 13% absolute survival benefit with neoad-
juvant CRT that is superior to that observed with trials of neoadjuvant chemotherapy alone (7). In addition, patho-
logic complete response (pCR) and resectability rates appear better when neoadjuvant therapy includes radiation. 
Radiotherapy treatment planning requires review and incorporation of all imaging and endoscopic information to 
ensure proper target delineation. Regardless of treatment techniques, careful attention must be given to exposure 
limits to the lungs, heart, spinal cord, as well as the liver and kidneys among patients with distal and GEJ lesions. 
More advanced treatment methods may improve patient outcome by reducing normal organ exposure. Future 
research is focused on novel chemotherapy regimens combined with radiotherapy and improved prediction of com-
plete response to therapy.

population mortality rates of lung, liver, and pancreas 
cancer (8). In addition, the mortality rate of esopha-
geal cancer in developed regions is not noticeably 
different than other countries. In 2009, there will 
be a projected 16,470 new cases of esophageal cancer 
diagnosed in the United States with 14,530 patients 
succumbing to their the disease (1). From 1990 to 
2005, the overall death rate of the U.S. population for 
all cancers declined by 19.2% and 11.4% for men and 
women, respectively (reduction in death rate from 
most cancers, particularly lung, prostate, breast, and 
colorectal cancer) (1). In contrast, however, there was 
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a 10.9% increase in the population death rate for men 
from esophageal cancer during the same period.

PAT H O LO GY ■

For a complete discussion of pathology and natu-
ral history see Chapter 11 “Systemic Therapy for 
Esophageal Cancer.”

The increase in death rate due to esophageal cancer 
in the United States, specifically among men, has been 
associated with changes in the predominant cancer his-
tology and anatomic location of the disease. In the early 
1990s epidemiological data detected an alarming rise in 
the incidence of esophageal adenocarcinomas (ACA), 
particularly of the distal esophagus and gastroesopha-
geal junction (GEJ) among white men (9). A subsequent 
study defined a 350% increase in ACA of the esophagus 
among white males from the mid-1970s to 1994 (2). 
International data on esophageal cancer show a similar 
increasing incidence of ACA worldwide, whereas the 
incidence of squamous cell carcinoma (SCC) is only 
decreasing among several Western countries (8).

These changes in the incidence, histology, and 
likely etiology of esophageal cancer present a chal-
lenge to the interpretation of previous clinical trials 
and standardization of radiotherapy (RT) treatment 
techniques. Previous esophageal cancer trials have 
varied in their inclusion of SCC and ACA, for which 
local treatment recommendations may be diverging. 
Clinical trials and treatment paradigms of esophageal 
and gastric cancer for decades were generally distinct, 
but with the shifts in incidence to more ACA of the 
distal esophagus and GEJ, many tumors have frank 
gastric involvement at presentation. Thus, gastric and 
esophageal cancer trials and treatment paradigms have 
overlapped in patient eligibility and management. 
Some recent trials have been devised that  specify 
inclusion tumors which overlap previously distinct 
disease boundaries (5,10,11). Finally, radiation onco-
logists often have to combine treatment principles of 
both gastric and esophageal cancer, as the treatment 
volumes for distal and GEJ tumors include not just 
the thorax, but upper abdomen as well.

S TAG I N G ■

For a complete discussion of clinical evaluation 
and staging of esophageal cancer, see Chapter 10, 
“Surgery for Esophageal Cancer.”

The regional lymph nodes commonly involved 
in esophageal cancer are reviewed here, as the extent 
of nodal metastases at presentation can influence 
proper patient selection for and exclusion from poten-
tially curative therapy, including chemoradiatherapy 
(CRT). Although the 6th edition of the American 
Joint Committee on Cancer (AJCC) staging system 
defines cervical or celiac lymph nodes as distant meta-
static sites (M1a) for intrathoracic esophageal tumors, 
regional lymph nodes of the GEJ include diaphrag-
matic, pericardial, left gastric, and celiac (12). In addi-
tion, multiple randomized trials of potentially curative 
therapy for advanced esophageal cancer have specifi-
cally allowed patients with such nodal involvement for 
enrollment (4,13,14). Some trials have omitted refer-
ence to these nodal stations, while a few have excluded 
patients with celiac nodal involvement (15,16).

Retrospective series of patients with esopha-
geal cancer whose treatment included resection 
have shown similar outcomes (23%–25% long-term 
overall survival) compared with patients with nodal 
involvement more proximally (17,18). Thus, patients 
with lower esophageal tumors who present with upper 
abdominal adenopathy as inferior as the celiac nodes, 
or patients with upper esophageal cancers in which 
lowermost cervical nodes are involved should be can-
didates for curative treatment strategies. Patients who 
present with node involvement beyond these nodal 
boundaries are generally considered candidates for 
palliative therapy only.

T H E R A P Y ■

The most common indication for radiotherapy in 
esophageal cancer is for locally advanced cancer, 
either as neoadjuvant therapy prior to surgical resec-
tion or as definitive local therapy, almost always 
combined with concurrent chemotherapy. Other 
indications include definitive treatment of early-stage 
disease among medically inoperable patients, pallia-
tion of symptoms, and possible postoperative chemo-
radiotherapy among select patients. Given the varied 
indications and associated literature of each of these 
situations, they will be considered separately below.

With the exception of radiotherapy for pallia-
tion, there is insufficient evidence to support the use 
of radiotherapy alone (in the absence of concurrent 
chemotherapy), in the aggressive management of 
esophageal cancer. The outcome of definitive radio-
therapy alone has been dismal (3). Similarly, past 
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randomized trials of both preoperative radiotherapy 
(19–21) or postoperative radiotherapy (22–24) have 
detected no clinical benefit. Therefore, the discussion 
of radiotherapy in the absence of concurrent chemo-
therapy in curative treatment strategies is not further 
addressed.

It is important to note that patient selection for 
most trials of multimodality approaches for esopha-
geal cancer have been quite broad in regards to eli-
gible local stage. In addition, locoregional staging 
methods used in past decades would now be con-
sidered less accurate compared with contemporary 
methods. For most trials discussed below, patients 
were eligible for enrollment if they had biopsy-proven 
carcinoma of the esophagus, were surgically resect-
able, and had no evidence of distant metastatic dis-
ease. The clinical staging of tumor (T) and nodes 
(N) was generally by computed tomography (CT), 
which would be considered less accurate than endo-
scopic ultrasound (EUS) and which has subsequently 
become the standard for local staging of esophagus 
cancer. Nevertheless, clinical T1 or T2 tumors were 
not excluded from these trials. Only more recent tri-
als have mandated EUS staging, requiring at least T2 
(15) or T3 tumors (5,25) for enrollment. Indeed, the 
current National Cancer Center Network (NCCN) 
guidelines advocate single modality therapy such as 
surgery, local ablation, or endoscopic mucosal resec-
tion (EMR) for patients with preinvasive or clinical 
T1N0 disease (26). Thus, the discussion of multimo-
dality strategies below applies to all patients with at 
least >T2 or node-positive esophageal cancer.

Definitive Chemoradiotherapy

Definitive CRT (in the absence of surgery) is 
indicated for patients who are medically unfit for 
surgical resection or possibly among patients with 
SCC of the esophagus who completely respond to 
initial CRT.

The preferred treatment for patients with clinical 
T1N0 cancers is single modality therapy alone with 
either esophagectomy, ablation, or EMR (26). The 
results of definitive CRT among such patients have 
also been reported, but are limited to retrospective 
series. A multi-institutional experience from Japan 
of 105 patients with superficial esophageal cancer 
treated with external beam radiotherapy alone and 
a brachytherapy boost reported a 5-year overall sur-
vival rate of 39%, but a disease-specific survival rate 

of 71% (27). A more recent experience from Japan 
among 63 patients with T1N0 tumors of the esopha-
gus treated with definitive CRT and brachytherapy 
boost reported favorable 5-year overall and disease-
specific survival rates of 66% and 76%, respectively 
(28). Surgery or other ablative procedures are the 
preferred treatments for early-stage esophageal can-
cer. However, definitive CRT is the appropriate 
treatment among patients who are unfit to undergo 
invasive procedures or who recur locally after initial 
endoscopic therapy.

Among patients with more advanced locore-
gional disease (>T2 or node positive), the superiority 
of definitive chemoradiotherapy over radiotherapy 
alone was well established from the results of RTOG 
(Radiation Therapy Oncology Group) 8501 (3,29). 
This prospective trial conducted in the late 1980s 
randomized patients to either 64 Gy of radiation 
alone or 50 Gy of radiation with concurrent cispla-
tin and 5-fluorouricil (5-FU). Despite differences in 
radiation dose, the addition of concurrent chemo-
therapy led to a marked improvement in 5-year over-
all survival from 0% to 27% (P < .0001). The long-
term results of definitive CRT in this trial appear 
similar or even favorable to the results of Intergroup 
(INT) 113, a randomized trial which involved 
surgical resection without radiotherapy (30,31). 
Subsequently, a randomized clinical trial between 
surgery and definitive CRT was conducted in Hong 
Kong with no significant difference in patient out-
come detected (32).

Though there is evidence that trimodality ther-
apy (preoperative CRT) is superior to surgery alone 
in esophageal cancer, the assumption that trimodal-
ity treatment has better outcome than definitive CRT 
alone (without surgery) has been challenged and 
studied. Supporting the rationale of surgical resection 
after CRT are data from RTOG 8501 that document 
a 45% rate of persistent or local failure in the CRT 
treatment arm (compared with 68% in RT-alone 
arm) (29). However, the randomized clinical trials 
of trimodality therapy versus surgery are dominated 
by patients with ACA rather than SCC (4–6,13). 
Two randomized trials have been conducted among 
patients exclusively with esophageal SCC, studying 
CRT with or without following surgical resection 
(25,33). As shown in Table 1, there was no signifi-
cant difference in patient survival detected with addi-
tion of surgery. It should be noted in the German 
trial (25) that 2-year freedom from local progression 
improved from 41% to 64% (P = .003) with surgery. 
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relative reduction in the locoregional recurrence rates 
(5,13,14,37).

An update of RTOG 8911/INT 113, a rand-
omized trial of surgical resection alone or with neo-
adjuvant chemotherapy (no radiotherapy), reported a 
strong relationship between completeness of surgical 
resection and patient overall survival (30). Patients 
who underwent a complete resection of the tumor 
had a 3-year overall survival rate of 39%, while 
patients with microscopic involved margins (R1) or 
gross-residual disease after surgery (R2) had sur-
vival rates of 12% and 4%, respectively (P < .0001). 
Table 2 lists the various changes in resectability rates 
among patients who underwent neoadjuvant therapy 
(chemotherapy or chemoradiotherapy) for esopha-
geal cancer. Though inconsistently reported, at least 
four randomized trials of preoperative CRT show an 
advantage in resectability compared with initial sur-
gery alone.

Though multiple randomized trials demonstrate 
improvement in locoregional control and resectabil-
ity with preoperative CRT, some but not all trials 
reported improved patient overall survival with neo-
adjuvant therapy. Limitations of the trials are noted. 
Though all nine trials listed in Table 1 included 
concurrent cisplatin-based chemotherapy during 
radiation, many of the trials employed radiother-
apy regimens considered subtherapeutic by current 
standards (14,21,37,38). In addition, there is dispar-
ity between proportion of tumor histologies (SCC 
vs. ACA) in the trials, statistical limitations due to 
the study size of the trials (13,21,38,39), and some 
trials even closed prematurely (4,5,15). Furthermore, 
the efficacy of therapy may be less identifiable in 
studies conducted in the 1980s and early 1990s due 
to less-modern radiotherapy techniques and initial 
understaging of patients with distant metastases 
due to imaging limitations compared with today’s 
standards.

Nevertheless, four of these trials support the 
use of preoperative CRT for patients with esopha-
geal cancer. The CALBG (Cancer and Leukemia 
Group B) 9781 trial (4) may be the most relevant to 
current practice as the dose of radiotherapy (50.4 Gy), 
and the described technique is most consistent with 
current standards. Also, the majority of patients had 
ACA, which is common to most oncology practices 
in the United States currently. Despite premature 
closure of the study to enrolment (56 out of planned 
475 planned), with long-term follow-up there was a 
significant improvement in the 5-year overall survival 

An important finding from the French trial, FFCD 
(Federation Francophone de Cancerologie Digestive) 
9102, is that on subsequent analysis (33,34) of the 
192 patients who did not clinically respond to neoad-
juvant CRT (and were thus not randomized), patients 
who subsequently underwent surgery had equivalent 
outcome to patients who had clinically responded 
and were randomized on the trial.

The results of neither of these trials preclude 
the role of surgical resection among all patients with 
esophageal cancer who undergo neoadjuvant CRT. 
But among patients with SCC who clinically respond 
favorably, observation without resection is reason-
able. Such a decision should be made based on mul-
tiple factors including age and medical fitness of the 
patient, thoroughness of clinical restaging after CRT, 
and dose of radiotherapy delivered. It is noted that 
in both of these trials, patients randomized to CRT 
alone received a total radiation dose of 60 to 65 Gy.

Neoadjuvant Chemoradiotherapy

Table 1 provides a detailed review of prospective ran-
domized trials evaluating CRT in the management 
of locally advanced esophageal cancer. Such trials are 
dominated primarily by studies comparing neoadju-
vant chemoradiotherapy followed by surgery to surgi-
cal resection alone. The primary rationale for the use 
of preoperative therapy is the high local recurrence 
rates documented among patients undergoing resec-
tion alone for advanced disease, particularly among 
patients for whom tumor-free microscopic margins 
(R0) cannot be achieved.

The reported rates of local or regional recurrence 
among resected esophageal cancer patients probably 
underestimate the true rate of recurrence for a variety 
of factors. Many clinical trials report data regard-
ing first failure only. In addition, local recurrence is 
often initially underdetected due to the limitations 
of CT in discovery of recurrences in the  thorax, 
especially prior to the advent of positron emission 
tomography (PET). Nevertheless, prospective ran-
domized trials with treatment arms that exclude 
radiotherapy report locoregional recurrence rates of 
17% to 75% (35,36), with most trials rates exceeding 
30% to 40% (5,13,31,37). The inclusion of CRT in 
the preoperative management of esophageal cancer 
has been associated with a reduction in locoregional 
recurrence. The results of four randomized trials of 
neoadjuvant CRT have demonstrated a 40% to 54% 
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to neoadjuvant chemotherapy versus CRT showed 
a strong trend toward improved 3-yr survival with 
the combined treatment arm (27.7% vs. 47.4%, P = 
.07) in addition to improvement in other endpoints. 
Finally, the randomized trial of neoadjuvant CRT 
versus surgery alone from the University of Michigan 
lends support to the benefit of neoadjuvant CRT 
(13). Treatment was associated with nearly doubling 
the 3-year overall survival (16% vs. 30%, P = .15). 
Though only a statistical trend in improvement, 

rate from 16% to 39% (P = .002) and an improve-
ment in median survival from 1.8 to 4.5 years.

Walsh et al. (6) reported a similar improvement 
in overall survival with preoperative CRT in a rand-
omized trial from Ireland. Although the poor results 
of the surgical-alone arm (3-year survival of 6%) have 
led some to be uncertain about the conclusions of 
the study, the 3-year survival rate of the trimodality 
arm (32%) is consistent with other trials. The initial 
results of a German trial (5) randomizing patients 

TABLE 2 Pathologic complete response rate and resectability rates in prospective randomized trials of neo-
adjuvant therapy

 
Study

Patient  
number

 
Histology

Treatment  
arms Regimen

Change in  
resectability pCR %

Le Prise et al. (38)
(Rennes, France)

 86 SCC S
CRT → S

20 Gy + PF 15% increase in  
“easy” tumor removal

13

Urba et al. (13)
(Univ. Michigan)

100 ACA (75%)
SCC (25%)

S
CRT → S

45 Gy + PFV 28

Bosset et al. (14)
(EORTC)

282 SCC S
CRT → S

37 Gy + P 12% increase in 
“curative” resections  
(P = .017)

26

Walsh et al. (6)
(Dublin, Ireland)

113 ACA S
CRT → S

40 Gy + PF 25

Tepper et al. (4)
(CALGB 9781)

 56 ACA (75%)
SCC (25%)

S
CRT → S

50.4 Gy + PF 40

Burmeister et al.(37)
(TROG/AGITG)

256 ACA (62%)
SCC (38%)

S
CRT → S

35 Gy + PF 21% increase in R0 
resections (P = .0002)

16

Lee et al. (15)
(Seoul, Korea)

101 SCC S
CRT → S

45.6 Gy + PF 12% increase in R0 
resections

43

Bedenne et al. (33)
(FFCD 9102)

444 SCC CRT → S
CRT

46 Gy + PF
66 Gy + PF

23

Stahl et al. (25)
(Germany)

172 SCC C → CRT→ S
C → CRT

40 Gy + PE
60 Gy + PE

35

Stahl et al. (5)
(Germany)

119 ACA
(EG junction)

C → S
CRT → S

30 Gy PLF No difference in 
“complete resections”

 2
16a

Kelsen et al. (31)
(INT 113)

440 ACA (55%)
SCC (45%)

S
C → S

PF 11% reduction in R1 
resections (P = .001)

 3

Boige et al. (11)
(FFCD 9703)

224 ACA
(esophagus/
stomach)

S
C → S

PF Increase R0 resections  
(P = .04)

Ancona et al. (36)
(Padova, Italy)

 94 SCC S
C→

PF No change in 
resectability

13

Law et al. (59)
(Hong Kong)

147 SCC S
C→ S

PF 32% increase “curative” 
resections (P = .0003)

 7

Medical Research  
Council (35)

802 ACA (66%) 
SCC (31%)

S 
C → S

PF No difference in R0 
resections

 4 

ACA, adenocarinoma; C, chemotherapy; CRT, chemoradiotherapy; F, 5-fluorouricil; L, leucovorin; P, cisplatin; pCR, 
pathologic complete response; R0, resection with tumor-fee margins; R1, resection with microscopically-involved margins;  
RT, radiotherapy; S, surgery; SCC, squamous cell carcinoma; V, vinblastine.
aP = .03.
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esophagus, mainly due to challenges in distinguish-
ing residual tumor from necrosis and inflammatory 
tissue (43).

It should be noted that after neoadjuvant CRT, 
biopsy and esophagectomy pathologic rates of com-
plete tumor eradication likely underestimate the true 
eradication rate of disease. Most patients undergo 
clinical restaging and esophagectomy after neo-
adjuvant CRT within 4 to 8 weeks after treatment 
completion. Such timing on the whole is premature 
in assessing completeness of response to therapy as 
minor amounts detectable residual disease at that 
time point may not prove viable in time among some 
patients. The clinical experience with SCC of the 
anal canal has demonstrated that tumor regression 
can take months in patients with eventual complete 
resolution of disease (44,45). Similarly, ACA of the 
rectum treated with neoadjuvant CRT may continue 
to respond over an extended period of time (46) and 
improved tumor downstaging and pathologic com-
plete response rates are associated with longer inter-
val to surgery (47). Computed tomography (CT) 
has also not proven to be very useful in identifying 
responders to neoadjuvant therapy, with reported 
sensitivity and specificity rates of 33% to 55% and 
5% to 70%, respectively (48).

Generally, PET or CT-PET has proven more 
successful in identifying response to neoadjuvant 
therapy than other imaging techniques (see example 
in Figure 9.1). Reported sensitivity and specificity 
rates of PET in identifying major responders range 
from 47% to 100% and 52% to 100%, respectively 
(48–52). The broad range of sensitivity and specificity 
to some degree is related to the strictness in defining 
a major response to therapy. The best detection rates 
are with series that define response as <10% viable 
neoplasm (50,52), while lower rates apply when 
strictly predicting the complete eradication of dis-
ease (pCR) (49).

Not only is PET useful in determining response 
after completion of neoadjuvant CRT, but also in 
predicting responders as early as 14 days into treat-
ment (50,53,54). Such early reimaging has not yet 
found role in routine clinical practice. In addition to 
predicting tumor response, the relative reduction in 
tracer uptake at the primary tumor from after neoad-
juvant therapy has been shown to strongly correlate 
with prognosis. Relative reduction in tumor SUV 
(specific uptake value) from a range of 52% to 80% 
after neoadjuvant therapy has been shown to  correlate 
with improved patient survival (51,52,55).

the study had been designed to detect a rather large 
improvement in median survival, which it may have 
had insufficient patients to do.

Acknowledging the individual limitations of 
many of these trials of neoadjuvant CRT, collective 
analyses of patient outcome has provided further 
support for the benefit of this treatment strategy. The 
largest meta-analysis to date was reported in 2007 
from Gebski et al. (7), evaluating the outcome of over 
1,200 patients from 10 randomized trial of neoadju-
vant CRT. Preoperative CRT was associated with 13% 
absolute improvement in overall survival at 2 years 
and a hazard ratio for mortality of 0.81 (P = .002). 
Significant benefit was found in both SCC and ACA 
histologies. Two other meta-analyses of neoadjuvant 
CRT demonstrate a reduction in the 3-year mortal-
ity rate with therapy, reporting similar odds ratios of 
0.43 (P = .001) (40) and 0.45 (P = .005) (41).

Thus despite disparity in the results and conclu-
sions of individual trials, as a whole the trials support 
benefit from neoadjuvant CRT among patients who 
are sufficiently fit to undergo trimodality therapy.

Evaluation of Response

Compared to CT and endoscopic evaluation, the 
development of CT-PET imaging has dramatically 
improved not only the initial staging of esophageal 
cancer but also the assessment of clinical response to 
therapy. Among patients who undergo neoadjuvant 
therapy, clinical restaging is primarily important to 
identify patients who develop early distant meta-
static disease and should be excluded from surgery. 
The gold standard of evaluation of primary tumor 
response to preoperative therapy is pathologic eval-
uation of the surgical specimen. Thus, it is unclear 
to what degree clinical decision making or patient 
prognosis is influenced by evaluation of response of 
the primary tumor (by endoscopy, endoscopic ultra-
sound [EUS], or imaging) prior to resection. Among 
patients who undergo definitive CRT or for whom 
completeness of response to initial CRT will influ-
ence decisions regarding surgery or observation (e.g., 
SCC), accurate evaluation of response is crucial.

Among patients who undergo repeat endoscopy 
with biopsy after neoadjuvant CRT, only between 
36% and 45% of patients with negative biopsies are 
subsequently confirmed to have pathologic complete 
response (pCR) in the esophagectomy specimen 
(37,38,42). The accuracy of EUS is only between 
29% and 59% in identifying residual tumor in the 



148  Thoracic Malignancies

treatment sequencing raises concern over inferior 
efficacy and toxicity compared with neoadjuvant 
approaches.

Intergroup 113/RTOG 8911 was a large pro-
spective randomized study evaluating the addition 
of neoadjuvant chemotherapy to surgery for localized 
esophageal cancer. A secondary analysis of the trial 
with long-term follow-up revealed a strong relation-
ship between patient survival and completeness of 
surgical resection in both study arms (R0 vs. R1/R2) 
(30). However, the only R1 patients who remained 
recurrence-free were those who received postop-
erative CRT (not protocol mandated). Twenty-one 
percent of R1 patients who received adjuvant CRT 
were long-term survivors. Hence, postoperative CRT 
may significantly improve the outcome of resected 
esophageal cancer patients, especially if margins are 
compromised.

The results of single institutions in treating 
patients postoperatively are limited, but provide fur-
ther evidence of the benefit of adjuvant therapy. A 
retrospective study at the Cleveland Clinic was per-
formed based on 31 patients with resected esophageal 
cancer (T3 or node positive) who received adjuvant 
CRT, comparing their outcome by matched risk fac-
tors to similar group of patients treated with surgery 
alone (57). Risk-adjusted analysis of 4-year overall 
survival revealed a dramatic difference, 0% versus 
44% (P = .05), favoring adjuvant CRT.

Institutional comparisons of the accuracy of 
PET, CT, and EUS in predicting response have con-
sistently favored PET despite its limitations. Review 
of 103 consecutive patients at the M.D. Anderson 
Cancer Center determined that using a posttreat-
ment maximum SUV of <4 had the highest accuracy 
in predicting a major pathologic response and was 
an independent predictor of patient survival (56). 
Another analysis from the same institution revealed 
that the presence of treatment-related mucosal ulcer-
ation at the primary site, as discovered by endoscopy, 
confounds PET results leading to false-positive eleva-
tion of posttreatment SUV (49). In fact, tumors with 
a SUV > 4 without mucosal ulceration were found to 
be at an exceptionally high risk of recurrence. The 
accuracy of identifying pathologic complete response 
to neoadjuvant therapy may improve with careful 
integration of restaging methods such as PET and 
endoscopy.

Adjuvant Chemoradiotherapy

The use of postoperative chemoradiotherapy in the 
management of resected esophageal cancer may 
be justified by patterns of recurrence after resec-
tion alone, retrospective series, and the data from 
one randomized trial. However, such an approach 
is certainly less supported by the literature and this 

A B

FigurE 1 Response to neoadjuvant CRT of a cT3N1 ACA of the distal esophagus as assessed by CT-PET. 
A. Pretreatment axial image with maximum SUV of 6.6 at the primary tumor site. B. corresponding image 
4-week posttreatment with reduction in SUV to 3.1. The patient was found to have a pCR at esophagectomy.
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These include expected factors at diagnosis such 
as male gender, advanced T-stage or tumor >5 cm, 
nodal involvement, high-grade histology, advanced 
age, and weight loss (13–15,21,25,37). The outcome 
of patients with M1a disease from lower esophageal 
or GEJ cancers is discussed in the staging section 
above, and not consistently worse than other patients 
with more proximal nodal involvement. The results 
of patient outcome by tumor histology have been 
inconsistent with some reporting poorer survival for 
ACA (37) or for SCC (13) and another trial identify-
ing no difference (31).

As detailed above, INT 113 showed a strong 
relationship between completeness of surgical resec-
tion (R0 vs. R1/R2) and prognosis (30). Multiple tri-
als of neoadjuvant therapy report improved resection 
rates with preoperative therapy (see Table 2).

After neoadjuvant therapy (chemo alone or 
CRT), subsequent patient survival has been strongly 
correlated with more immediate endpoints of 
tumor response to therapy such as clinical response 
(30,36,39,59), posttherapy absolute SUV of <4 or 
relative reduction in maximum SUV on restag-
ing PET (51,52,55), and pCR to therapy (5,13,36). 
Regardless of response endpoint, these observations 
support the simple notion that patients with tumors 
that are biologically responsive to therapy are more 
like to do better than those that do not. Other than 
further defining an individual’s prognosis immedi-
ately after therapy, it is not yet clear how such infor-
mation should influence further patient manage-
ment. In addition, though often assumed that it is 
only complete responders who benefit from therapy, 
such reasoning has not been completely validated, as 
the prognosis of incomplete responders is not uni-
versally dismal. Regardless, achievement of a pCR 
seems to be the most significant posttreatment fac-
tor associated with improved survival. For example, 
Urba et al. (13) describe a 64% 3-yr overall survival 
rate among patients treated with preoperative CRT 
who had a pCR, compared to 19% among incom-
plete responders (P = .001). Stahl et al. (5) report a 
100% survival with a median follow-up of over 4 
years among patients who received a pCR after neo-
adjuvant therapy.

Palliation

Palliative radiotherapy for esophageal cancer is 
appropriate and effective for symptomatic patients 

In contrast to postoperative RT, there have been 
no prospective randomized trials of postoperative 
CRT among patients exclusively with esophageal 
cancer. However, in INT 0116 (58), a randomized 
trial of postoperative CRT and adjuvant chemo for 
resected high-risk gastric cancer (complete penetra-
tion of muscularis propria or node positive), 20% of 
the tumors treated originated at the gastroesopha-
geal junction. This trial showed an improvement in 
3-year survival from 41% to 50% (P = .005) with the 
addition of postoperative CRT to surgical resection. 
It should be noted that unlike trials of  neoadjuvant 
therapy that have mainly employed concurrent cis-
platin and 5-fluorouricil, this trial only used 5-FU 
and leucovorin with 45 Gy of radiotherapy. The 
results of this trial support a similar postoperative 
strategy among patients with resected adenocar-
cinoma of the esophagus, especially for distal and 
GEJ tumors.

Though the data presented here provides jus-
tification for postoperative CRT among select 
esophageal cancer patients, the extent of clinical 
study and experience is certainly much less than 
neoadjuvant approaches and not a preferred mul-
timodality sequence by current national consen-
sus guidelines (26). In addition, there are theoretic 
concerns regarding inferiority of this approach 
compared with a neoadjuvant strategy. In the post-
operative setting, acute and late toxicities may be 
more severe than in a preoperative approach. This 
is for a variety of reasons such is larger radiotherapy 
fields required postoperatively (in order to include 
the anastomosis), impaired patient functional and 
nutritional status from recent surgery, compromised 
oxygenation of target tissues from surgery, later 
patient exposure to systemic chemotherapy, and 
irradiation of the reconstructed esophagus/gastric–
pull up lying within the tumor bed. Despite these 
concerns, patients who undergo initial esophagec-
tomy should be considered for adjuvant therapy in 
the setting of >T2 or node-positive disease. But, 
every effort should be made preoperatively through 
multidisciplinary evaluation to identify patients for 
neoadjuvant approaches.

Prognostic Factors

The analyses of randomized trials of multimodality 
therapy for esophageal cancer have identified patient 
and tumor factors associated with poor prognosis. 
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Simulation

To maximize setup reproducibility during treatment, 
patients are preferably immobilized and simulated in 
the supine position. Though prone positioning has 
been reported to displace the esophageal lumen at an 
average of 1.7 cm anterior from the vertebral column, 
allowing more distance from the spinal cord (64), 
periesophageal soft tissue posterior to the esophagus 
remains fixed to the spine and is part of the clinical 
target volume (CTV) and thus remains unchanged. 
Therefore, in the era of three-dimensional (3D) treat-
ment planning, there does not seem to be advantage 
to prone positioning.

In order to allow for lateral or oblique fields, the 
arms must be simulated over the head using a wing 
board or other device to ensure setup reproducibility. 
When the target volumes will include a portion of 
the stomach, such as for GEJ tumors, consideration 
should be given to simulating and treating the patient 
with an empty stomach to minimize variation in gas-
tric distension.

CT-based simulation and treatment planning 
is mandatory for accurate tumor identification and 
calculation of dose to lung, heart, spinal cord, and 
possibly liver and kidneys. Despite tumor location 
and extent, the entire thorax must be imaged to 
allow dose-volume histogram analysis of the entire 
lungs. Similarly, for lower esophageal tumors, 
treatment volumes often include upper abdominal 
lymph nodes as far as the celiac nodes, necessitat-
ing the imaging of the entire liver and kidneys. 
Fluoroscopic simulation may aid in identification of 
suture lines and staples as well as possibly mucosal 
extent of disease with use of oral contrast, but in 
no way should this alone be considered adequate 
simulation in the absence of CT. Relying on con-
ventional RT treatment planning alone based on 
two-dimensional (2D) plain films, the appropriate 
field size can be easily underestimated and has been 
associated with poor patient outcome compared to 
CT-based techniques (65).

Both the esophagus and regional lymph nodes 
can move significantly during respiration, espe-
cially distal tumors located near the diaphragm. 
Fluoroscopic simulation may provide assessment of 
approximate movement of the esophagus during free 
breathing. Four-dimensional (4D) CT-simulation, 
however, provides complete information regarding 
not only esophageal movement of but nodal tissues as 
well that are not visible by fluoroscopy. In addition, 

who are not eligible for curative attempt due to dis-
tant metastasis or who are medically unfit to endure 
aggressive therapy. Dysphagia is certainly the most 
common indication, but pain and bleeding are also 
appropriately palliated with RT.

Palliative radiotherapy alone is associated with 
lasting improvement in dysphagia in about two-
thirds of patients (60). Results of randomized trials 
of full-dose external beam radiotherapy (50–64 Gy), 
with or without concurrent chemotherapy have doc-
umented improvement in swallowing among 58% to 
78% of patients, with little difference in symptom 
response rate with our without concurrent chemo-
therapy (3,61).

More moderate doses of RT can also provide 
long-term palliation of swallowing. A simple regi-
men of 35 Gy in 14 fractions with concurrent 5-FU 
achieved a 78% improvement in swallowing grade 
among 106 patients with esophageal cancer (62). 
Furthermore, 98% were able to complete the course 
of therapy and 51% maintained their improved swal-
lowing function until death.

There has been one prospective randomized 
trial of radiotherapy and esophageal stents in the 
management of malignant dysphagia (63). A total of 
209 patients were randomized to either endoscopic 
placement of a stent or a single 12 Gy dose of high 
dose-rate brachytherapy. Stenting provided more 
instantaneous relief of dysphagia, but the single dose 
of radiation provided greater long-term relief with 
fewer complications, particularly late hemorrhage.

R A D I OT H E R A P Y T E C H N I Q U E S ■

It should be emphasized that radiotherapy treatment 
techniques have significantly improved since the eras 
in which many of the above trials were conducted. 
CT-based treatment planning is now standard prac-
tice for target and normal tissue localization. Normal 
organ tolerances to radiotherapy continue to be bet-
ter defined. Advances in diagnostic imaging, particu-
larly CT-PET, have improved tumor identification. 
Esophageal tumor movement due to respiration has 
been both acknowledged and defined. More sophis-
ticated computerized treatment planning allows 
improved dose delivery and reduction in exposure to 
normal tissues. Though the benefits of these radio-
therapy treatment tools have not been systemically 
studied, it is anticipated that their employment will 
lead to improved patient outcomes.
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can facilitate accurate identification of the tumor by 
placing radio-opaque clips on the tumor.

Whenever possible, CT-PET imaging should 
be used not only in staging but also in contouring 
the GTV as well. Relying on CT alone may actually 
lead to larger target volumes in some patients com-
pared with PET (67). But given the limitations of any 
imaging modality, the GTV should be defined based 
on the reasonable maximal extent of disease from 
combined consideration of all modalities (68). If 
patients have undergone neoadjuvant chemotherapy 
with response prior to simulation, the GTV should 
encompass the full extent of pretreatment disease.

For patients who have not undergone surgery, 
the CTV includes all areas at risk of harboring 
microscopic disease. This includes possible direct 
extension of the primary tumor in to periesophageal 
tissue and spread to lymph nodes. Radial expansion 
of the CTV beyond the GTV generally includes the 
0.5 to 2 cm of periesophageal soft tissue. Often such 
tissue is distributed asymmetrically in the posterior 
mediastinum. It includes but does not extend beyond 
all the tissue bounded by the anterior spine, aorta, 
parietal pleura, trachea, and posterior pericardium.

Of special note is the propensity of esophageal 
carcinomas to spread along submucosal lymphatics. 
Autopsy series have described skip lesions from 2 to 
10 cm from the primary tumor in 13% of patients 
(69). Thus, greater longitudinal (mucosal) mar-
gins compared with radial margins are required in 
esophageal cancer. When taking into consideration 
beam penumbra and an approximately 1 cm PTV 
for patient movement and set error, previous conven-
tions of 5 cm longitudinal margins from the tumor 
are probably analogous to 3 to 3.5 cm longitudinal 
expansion beyond the GTV to create the CTV.

The regional lymphatics within the CTV mainly 
include not only the periesophageal nodes, but also 
the upper abdominal nodes in lowers esophageal 
lesions, and the supraclavicular nodes in patient with 
upper tumors. As the periesophageal nodes lie chiefly 
within the posterior mediastinum, in the fatty tissue 
around the esophagus, they are naturally included in 
the CTV as above described above when contouring 
periesophageal soft tissue. In the mid-esophagus this 
will include the subcarinal nodes and in the upper 
esophagus the paratracheal nodes. Hilar and anterior 
mediastinal nodes are not generally included. Patients 
with tumors of the lower esophagus and GEJ are at 
particular risk of nodal spread to the upper abdomen. 
In such patients, the CTV should include pericardial 

imaging data sets from 4D simulation can be used in 
the construction of an internal target volume (ITV).

Target Volumes

Early trials of radiotherapy-specified treatment fields 
that encompassed the entire esophagus for at least a 
majority of the treatment course (3,21). Subsequent 
studies have almost uniformly followed the conven-
tion of treating a minimum 5 cm mucosal or crandio-
caudad margin and 2 to 3 cm radial margin from the 
primary tumor to the block edge (4,6,13,14,37,66). 
More recent studies have described radiotherapy treat-
ment using 3D target volume nomenclature (5,25). 
Though the use of 3D target volumes (GTV, CTV, 
ITV, and PTV) is preferred, it should be emphasized 
that conversion from previous conventions of tumor 
expansion to block edge is not directly convertible 
to CTV or PTV delineation. The CTV expansion 
from the GTV is often asymmetric in the axial plane 
depending on individual distribution of periesopha-
geal tissue. Furthermore, previous definitions of 
tumor margin to block edge incorporated beam pen-
umbra that may vary from 5 to 12 mm beyond the 
PTV depending on beam orientation. The discussion 
below describes 3D treatment volumes that will at 
least create similar irradiated volumes compared with 
the techniques of past trials.

Among patients who have not undergone sur-
gery, the GTV includes the maximal extent of all 
gross disease, esophageal and nodal, identified by 
upper gastrointestinal radiography, endoscopy, EUS, 
CT, MRI, and/or CT-PET. Barium esophagram is of 
little benefit in planning for most patients as it under-
estimates the radial and often longitudinal tumor 
extent. For some patients with early disease, however, 
mucosal irregularity on esophagram combined with 
CT may improve confidence in GTV determination. 
It is crucial that the radiation oncologist review endo-
scopic and EUS reports while determining the GTV, 
as the mucosal extent of tumor may be described 
beyond what is appreciated on any imaging. In addi-
tion, the described location of tumor in relationship 
to incisors can be used to verify there is concordance 
between imaging and endoscopy. Useful anatomic 
landmarks for correlation of CT anatomy and endo-
scopic distance from the incisors include the thoracic 
inlet at 18 cm, carina at 24 cm, and GEJ at 40 to 
42 cm (12). For smaller tumors that are not readily 
visible with CT, coordination with the endoscopist 
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the listed RT regimens are not commonly used in the 
United States. The CALGB 9781 trial (4) probably 
best reflects a current dose standard among patients 
undergoing preoperative CRT, 50.4 Gy in 28 frac-
tions. An appropriate dose schedule in most patients 
is 45 Gy in 1.8 Gy fractions delivered to the CTV, 
followed by a 5.4 Gy boost in three fractions to the 
GTV without planned treatment break. Although 
dose escalation may be possible with modern treat-
ment planning, it is not clear that increased dose 
would be of benefit or be wise among such patients if 
subsequent resection is planned.

Among patients who are treated with definitive 
CRT, there is still lack of consensus regarding optimal 
dose. RTOG 9405/INT 123 evaluated dose escal-
ation to 64 Gy with a standard dose of 50.4 Gy, both 
treatment arms with concurrent chemotherapy (66). 
There was no apparent improvement in local control 
or survival with increased dose. However, many still 
question how 50 Gy could be optimal radiotherapy 
dose to extinguish gross disease, even with concur-
rent chemotherapy. Subsequent retrospective series 
have detected improved disease control with doses 
above 51 Gy (73). In addition, recent prospective 
randomized trials of definitive CRT in the manage-
ment of SCC of the esophagus have used doses of 60 
to 66 Gy in treatment arms that did not include sub-
sequent surgical resection (25,33). Therefore, in the 
absence of clinical trial enrolment, total dose of 50 
to 60 Gy seems appropriate in the definitive setting 
when exposure of normal thoracic structures can be 
kept within acceptable tolerance.

Normal Tissue Constraints

For more detailed discussion regarding the nor-
mal tissue constraints with thoracic radiotherapy in 
general see Chapter 13, “Normal Tissue Toxicity.” 
Below are some selected points of emphasis specific 
to esophageal cancer.

Particular attention needs to be made to lung 
exposure from radiation especially among patients 
who are to undergo subsequent surgery. Large vol-
umes of lung exposure, even to low doses of radiation 
in the preoperative setting, may increase the risk of 
postoperative lung complications such as pneumo-
nia and ARDS (adult respiratory distress syndrome). 
Although V20 (volume of lung receiving 20 Gy or 
more) had been a traditional benchmark and should 
be kept to less than 25% to 30 % when possible, 

nodes and the nodes along the lesser gastric curvature 
and gastrohepatic ligament. Depending on patient 
stage and field size, consideration can also be given to 
extending the CTV to retroperitoneal nodes all the 
way to the celiac nodes, given the common involve-
ment in this location. Among patients with GEJ can-
cer who have significant gastric involvement, nodal 
treatment volumes should include nodes along the 
greater gastric curvature, suprapancreatic nodes, and 
splenic hilar nodes.

For patients treated postoperatively, similar 
principles apply with some caveats. Preoperative sta-
ging in addition to operative findings and pathology 
need all be reviewed for proper definition of the CTV 
that must include the tumor bed. There may be some 
inclination to exclude the anastomosis from treat-
ment, as it does lead to extended treatment fields, 
especially among patients with anastomosis in the 
neck. Such exclusion should be avoided, as omitting 
the anastomosis from treatment has been associated 
with a 29% recurrence rate compared with 0% in one 
series (70).

Among patients who undergo 4D CT-simulation, 
an ITV can be constructed to account for target 
movement in all phases of free respiration. A PTV 
of 10 mm is appropriate in most patients for whom 
respiratory movement has been taken into considera-
tion. A smaller margin of 5 to 7 mm may be appro-
priate for patients undergoing daily image guidance 
and may particularly reduce lung exposure. Among 
patients who have not undergone assessment of 
tumor motion, asymmetric expansion of the PTV 
should be considered to account for such, especially 
among patients with lower esophageal and GEJ can-
cers. Cumulative data from respiratory motion of 
esophageal tumors has led to the recommendation 
of incorporating at least 1.5 cm longitudinal and 
0.75 cm radial margin within the PTV for patients 
that have not undergone 4D imaging (71,72). 
Respiratory movement of upper abdominal lymph 
nodes can also be substantial and should be taken in 
to consideration (72).

Dose

As shown in Table 1, a wide range of total doses and 
fraction size have been used on trials of neoadjuvant 
CRT. Given concerns regarding late toxicity with 
fraction sizes greater than 2.0 Gy and possible infe-
rior efficacy of doses less than 40 to 45 Gy, most of 
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Figure 2). Care must be taken to minimize lateral 
field contribution so that lung tolerances as discussed 
above are not exceeded. Another common beam ori-
entation is a three-field technique with an AP and two 
posterior oblique fields with at least one field exclud-
ing the spinal cord. Noncoplanar beams such as an 
anterior-inferior beam for lower lesions may produce 
dosimetric gain by reducing dose to the heart while 
sparing lung.

There are a few dosimetric and clinical reports 
of using intensity-modulated radiotherapy (IMRT) 
in the treatment of esophageal cancer. In the upper 
and cervical esophagus, the employment of IMRT 
is logical given the similarities to head and neck 
cancer and need for sparing structures such as the 
spinal cord and salivary glands (76,77). Within the 
thorax, IMRT must be used cautiously in treating 
esophageal cancer because of the risk of pneumonitis 
associated with low-dose exposure to large volumes 
of the lungs (75). However, with careful treatment 
planning IMRT may actually reduce meaningful 
lung exposure. A dosimetric comparison between 
IMRT and 3D conformal RT at the M.D. Anderson 
Cancer Center described a 10% median reduction in 
V10, 5% reduction in V20, and 2.5 Gy reduction in 
mean lung dose with IMRT (78). Other dosimetric 
reports have shown improvements in lung and heart 
parameters with IMRT (79,80). The only large clini-
cal experience of the use of IMRT in the treatment 
of esophageal cancer is reported from Hsu et al. 
(81) describing 52 patients treated preoperatively for 
esophageal cancer. No dosimetric factors were found 
to correlate with postoperative complications, and no 
conclusions were made regarding toxicity and  efficacy 
of IMRT.

Side Effects and Complications

Given the extensive disease presentation and 
impaired nutritional and performance status of many 
patients, invasiveness of esophagectomy, and rigors 
of cisplatin- based chemotherapy and thoracic radio-
therapy, it is not surprising that combined-modality 
therapy in this disease is associated with significant 
toxicity and risk of mortality. Such treatment justi-
fies a multidisciplinary team committed to aggressive 
supportive care during treatment and experience in 
patient selection for combined therapy.

Common treatment-related side effects during 
a course of CRT include severe esophagitis and or 

excessive V5, V10, and mean lung dose have been 
shown to be more predictive of lung complication in 
the postoperative period (74). Reliance on V20 alone 
with excessive low-dose exposure to the large lung 
volumes has led to disastrous pulmonary complica-
tions in other thoracic malignancies (75). In general, 
it is advisable to reduce the V5 to less than 50% to 
60% when possible, acknowledging there is no abso-
lute level at which exposure is without risk.

Heart exposure is difficult to avoid for tumors 
of the lower esophagus and GEJ. With modern treat-
ment planning it is generally possible to limit the 
whole heart to 30 Gy or less and restrict one half of 
the heart to less than 40 Gy. The left ventricle should 
be preferentially spared when possible. Spinal cord 
tolerance should be closely respected, with caution 
given when exceeding 45 Gy.

Among patients whose fields include the upper 
abdomen, doses to liver and kidney cannot be over-
looked but rarely should be a challenge to restrain 
exposures within organ tolerances. Mean dose to liver 
can usually be kept below 20 to 25 Gy and certainly 
doses should not exceed 30 Gy to greater than 60% 
of the liver. Traditional limits for kidney exposure 
are the sparing of two-thirds of one whole kidney or 
the conglomerate of one entire kidney from doses in 
excess of 18 Gy. Rarely would such dose limits be 
challenged even in the treatment of GEJ tumors. In 
settings where the large majority of one kidney (usu-
ally the left) may be exposed beyond kidney toler-
ance, it is prudent to obtain renal scan to ensure the 
contralateral kidney has adequate function.

Treatment Planning

In esophageal cancer, 3D treatment planning is cru-
cial given the complexity of treatment targets, the 
proximity of thoracic and upper abdominal organs, 
and potential for serious treatment toxicity without 
proper RT delivery. AP-PA fields expose the least 
amount of lung to radiation, but often include a sig-
nificant amount of heart and are limited by spinal 
cord tolerance when treatment doses exceed 40 to 45 Gy. 
Oblique fields may avoid spinal cord and reduce car-
diac exposure in some orientations but increase lung 
exposure.

A common field arrangement includes a four-
field technique with the majority of dose being 
delivered from AP and PA fields, using lateral fields 
to reduce dose to the spinal cord and heart (see 
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did observe an 8% increase in postoperative deaths 
(P = .012) with neoadjuvant CRT mainly due to res-
piratory failure and infection (14). In addition, one 
meta-analysis reported an increased risk of postop-
erative death among patients who received preopera-
tive CRT (OR of 2.1, P = .01) (40).

There is little data regarding late toxicity from 
RT in esophageal cancer mainly because of the lim-
ited survival of most patients. The EORTC trial did 
report no difference in late pulmonary, esophageal, 
or cardiac toxicity at 2 years among those treated 
with CRT versus surgery alone (14). However, the 
lack of data does not imply that such late effects 

spasm, gastritis, nausea and vomiting, anorexia, der-
matitis, weight loss, and hematological compromise. 
Patients with moderate to severe nutritional compro-
mise prior to CRT often benefit from placement of 
a feeding tube prior to initiating therapy. A jejunos-
tomy tube is generally preferred over gastrostomy if 
surgery with gastric pull-up is anticipated.

Most of the randomized trials of neoadju-
vant CRT have assessed whether or not treatment 
increases postoperative morbidity, hospital stay, or 
perioperative mortality. The majority of these stud-
ies have found no difference in these endpoints 
(4–6,13,15,37–39). However, the EORTC trial 
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FigurE 2 Radiation fields and dosimetry of a patient with a cT3N1 ACA of the distal esophagus treated 
with a four-field technique (AP:PA and laterals). A. AP field. B. Right lateral field. C. Axial dosimetry. D. Sagittal 
dosimetry.
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In addition to changes in resectability with neo-
adjuvant therapy, Table 2 lists the pCR rates from 
randomized trials of preoperative CRT or preopera-
tive chemotherapy. Note the pCR rates from neoad-
juvant CRT trials range from 13% to 43% and are 
consistently higher than the pCR rates found on 
neoadjuvant chemotherapy trials where pCR rates 
are generally less than 10%.

Finally, meta-analyses of neoadjuvant therapies 
for esophageal cancer favor neoadjuvant CRT over 
chemotherapy alone. Three-year odds ratios of sur-
vival with neoadjuvant CRT have been reported to 
0.43 (P = .001) (40) and 0.45 (P = .005) (41), while 
trials with neoadjuvant chemotherapy alone have 
been associated with only a 4% increase in 5-year 
survival (HR 0.87, P = .003) (83). There has been 
one meta-analysis that evaluated both neoadjuvant 
chemotherapy (5 trials) and chemoradiotherapy tri-
als (10 trials) (7). Preoperative CRT was associated 
with a 13% absolute improvement in 2-year survival 
(HR 0.81, P = .002) compared with a 7% survival 
benefit (HR 0.90, P = .05) with chemotherapy 
alone.

A LG O R I T H M ■

A simplified algorithm for esophageal cancer is 
shown in Figure 3. There may be institutional differ-
ence in preference regarding the use of neoadjuvant 
CRT versus chemotherapy alone among patients 
with advanced disease.

F U T U R E R E S E A RC H A N D  ■

T H E R A P I E S

Given the rich history of clinical trials in esophageal 
cancer, it is anticipated that the oncology community 
can look forward to many more efforts to continue 
to improve outcome in this disease. Active clinical 
trials continue to define the benefit of neoadjuvant 
CRT such as FFCD 9901 or the CROSS trial (84). 
Alternative chemotherapy regimens, particularly 
those that are taxane based, are being evaluated in 
hopes of improved patient outcome and tolerance. 
Biologic agents such as cetuximab are being assessed 
in conjunction with CRT. In addition, some trials 
are incorporating the strategy of both neoadjuvant 
chemotherapy and CRT followed by surgery (5).

do not exist. Certainly given the aggressiveness of 
combined modality therapy, residual effects upon 
survivors would be expected although not yet well 
described.

C O N T ROV E RS I E S ■

Perhaps the greatest controversy in the treatment of 
advanced esophageal cancer is not the administra-
tion of neoadjuvant therapy, rather whether such pre-
operative treatment should entail chemoradiotherapy 
or chemotherapy alone. Though RTOG 8911/INT 
113 (30,31) and randomized trials from Italy (36) 
and Hong Kong (59) showed no evidence of benefit 
of to neoadjuvant cisplatin and 5-FU when com-
pared with surgery alone, three trials from Europe 
have reported a survival advantage to neoadjuvant 
chemotherapy followed by resection for esophageal 
or gastroesophageal cancers. A randomized trial con-
ducted by the Medical Research Council of over 800 
patients with esophageal cancer found 5-year overall 
survival rate improved from 17% to 23% (P = .03) 
with two cycles of neoadjuvant cisplatin and 5-FU 
compared with surgery alone (35,82). Benefit was 
seen among patients with both SCC and ACA. 
Furthermore, two other randomized trials of neoad-
juvant therapy for gastric cancer that included GEJ 
tumors (10) or lower esophageal ACA (11) showed 
significant improvement in patient overall survival 
with induction chemotherapy. On the basis of the 
favorable results of these trials of neoadjuvant che-
motherapy, this approach is an accepted treatment 
strategy (especially among patients with ACA of the 
distal esophagus and GEJ) as a competing alternative 
to neoadjuvant chemoradiotherapy (26).

One randomized trial, among patients with GEJ 
tumors, has been completed comparing neoadjuvant 
chemotherapy followed by surgery compared to a 
shorter course of the same chemotherapy, followed 
by preoperative CRT, and surgery (5) (see Table 1). 
Though the study was closed prematurely due to slow 
accrual, the 3-year survival rate favored CRT (27.7% 
vs. 47.4, P = .07). In addition, with neoadjuvant CRT 
there was a significant increase in pCR rate (15.6% vs. 
2.0%, P = .03) and tumor-free lymph nodes (64.4% 
vs. 36.7%, P = .01) compared with chemotherapy 
alone. These differences in patient outcome were 
observed despite only 30 Gy of radiotherapy delivered 
on the study (40% less dose than CALGB 9781).
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curative intent. Further investigation, particularly 
prospective clinical trials, is imperative to improve 
the outcome of patients suffering from this disease.
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Esophageal cancer represents a therapeutic challenge 
to the radiation and medical oncologist as well as sur-
geon. The outcome is not universally dismal and has 
improved with multimodality therapy. The results of 
multiple randomized trials, as reviewed, have defined 
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and cooperation is crucial in the proper selection of 
patients for aggressive multimodality strategies with 
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Cancer of the esophagus is a highly lethal malignancy 
with a rising incidence. There are approximately 
16,000 new diagnoses each year (12,900 men 3,500 
women). The two most common types are squamous 
cell carcinoma and adenocarcinoma. The incidence 
of adenocarcinoma has been increasing steadily with 
the fastest growth rate of all cancers; while squamous 
cell has declined overall (1).

Risk factors for squamous cell esophageal can-
cer have been clearly linked to the African American 
race as well as tobacco and alcohol use. Squamous 
cell cancer accounts for more cases worldwide, with 
a high incidence in China, and the southern repub-
lics of the former Soviet Union. Adenocarcinoma is 
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Esophageal Cancer is a highly lethal malignancy that continues to rise in incidence. More than 16,000 new cases are 
diagnosed each year. Treatment options include chemotherapy as well as radiation and surgical resection. Minimally 
invasive esophagectomy is rapidly emerging as a surgical alternative to open resections. This approach offers a lower 
incidence of postoperative pain and pulmonary complications without compromise to pathological or oncologic 
outcome. Patients may have a shorter length of stay and a quicker return to activity. Esophagectomy continues to 
play the critical role in the treatment of esophageal cancer. The procedures are well tolerated with low complications 
at centers with high volume and experience. Long-term function and quality of life for survivors should be equiva-
lent to that of the normal population.

more common in patients who have recurrent reflux 
resulting in Barrett’s esophagus. Other risk factors 
are obesity, male gender, and Caucasian race (2,3).

Due to the general lack of screening for esopha-
geal cancer, most cases are not discovered until the 
cancer has progressed to cause symptoms and is 
locally advanced. Treatment options include chemo-
therapy, radiation, and surgical resection (4). The 
standard of care at most large-volume cancer centers 
includes neoadjuvant chemotherapy and radiation 
for all cancers with a depth greater than T2 or any 
evidence of lymph node involvement (5–10).

Evaluation and staging of suspected esopha-
geal cancer includes endoscopic ultrasound (EUS) 
with fine needle aspiration (FNA), positron emission 
tomography (PET) scan, computerized tomography 
(CT), as well as final pathological staging with surgi-
cal resection of the primary tumor and lymph node 
examination (11).
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Surgery remains the mainstay of potentially cura-
tive treatment. The definition of patients considered 
“resectable” can vary from center to center, but gen-
erally the definition includes those medically stable 
for surgery, with the disease confined to the area 
of the esophagus and local lymph nodes. Locally 
advanced T4 tumors and stage IV tumors that have 
shown localized regression of disease or complete 
PET resolution of distant disease after neoadjuvant 
therapy can be considered for surgical resection in 
selected cases. Use of intraoperative radiation and 
en-bloc resections are occasionally performed in 
high-volume centers in an effort to salvage these 
patients.

Advances in perioperative and postoperative 
care have improved survival following esophageal 
resections. Perioperative mortality and morbidity 
have declined from 29% in 1979 (Earlam) to less 
than 5% in large-volume centers. (3,12–17). Critical 
to maintaining standards of low morbidity and mor-
tality remains high experience and volume. Multiple 
studies have shown that centers performing <10 cases 
per year have prohibitively high morbidity and mor-
tality. In countries such as the Netherlands, facilities 
performing <10 esophagectomies per year are now 
prohibited from doing so (18).

Factors independently associated with post-
operative complications include induction therapy, 
diabetes, increased age, and intraoperative blood 
transfusions (19,20). Pulmonary complications were 
among the most frequent causes of morbidity among 
all patients. Postoperative epidural analgesia for bet-
ter pain control improve pulmonary mechanics and 
postoperative lung activity (21,22).

Patients often present with a multitude of 
comorbidites including obesity, significant weight 
loss, diabetes, coronary and peripheral arterial dis-
ease, and many others (12,23). Neoadjuvant ther-
apy may add additional morbidity to an already 
sick patient population. A thorough preoperative 
workup is necessary including assessment of pul-
monary functions, electrocardiogram, and cardiac 
stress testing if indicated. Cessation of any tobacco 
products and stabilized weight with a preoperative 
serum pre-albumin that is above 10–15 mg/dl (24) 
is critical. The morbidly obese patient is techni-
cally difficult for the surgeon and at increased risk 

of postoperative complications. However, obesity 
alone should not be a contraindication to surgery. 
The majority of patients can safely undergo resec-
tion in a high-volume institution specializing in 
esophageal treatment.

Two contraindications we maintain before pro-
ceeding with surgery include active tobacco abuse 
and significant total body weight loss. Two of the 
more frequent complications following esophagec-
tomy are pneumonia and pulmonary failure. These 
complications are associated with significant mortal-
ity (16). Respiratory complications account for nearly 
two-thirds of postesophagectomy mortality (16,25). 
Patients who develop pneumonia after esophagec-
tomy face a 20% risk of death (16).

Active smoking increases the perioperative risk 
and can contribute to distal small vessel constric-
tion. This increases the risk of anastomotic leaks and 
strictures (16,25). Anti-tobacco counseling and aids 
can be provided. However, if the patient refuses to 
cease smoking, surgery is not performed. The patient 
who has lost greater than 10% of his or her usual 
body weight in 3 to 6 months or >5% in 1 month 
or has a preoperative serum pre-albumin less than 
10 mg/dl (24,26–27) has a documented increased 
risk of postoperative complications. Laparoscopic 
jejunal feeding tube placement is performed in the 
majority of patients with significant dysphagia and 
weight loss before surgery and often prior to neo-
adjuvant treatment in order to prevent this wasting 
syndrome (28–31). Placement of a jejunostomy tube 
avoids potential injury to the stomach. Catastrophic 
anastomotic complications and high morbidity/
mortality can be avoided with this tactic of regain-
ing patient’s nutritional status prior to operating 
(26,32–35).

The elderly patient is always a concern for 
undergoing a large operative procedure. Controversy 
exists concerning the effect of advanced age on out-
come of esophagectomy (21,36–38). Memorial Sloan 
Kettering reviewed their octogenarian esophageal 
cancer patient population (39). Postoperative death, 
length of stay, and survival, were significantly worse in 
this patient population. In a logistic regression model 
controlling for comorbidites, age older than 80 years 
was significantly associated with increased periopera-
tive mortality. Because of this risk, the octogenarian 
patients did not have the same survival benefit from 
esophagectomy as the younger patients, despite simi-
lar rates of tumor stage, postoperative complications, 
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choice of operation, and completeness of resection 
(38). Other investigators have reported similar out-
comes for both elderly and younger patients (21,37). 
With current advances in surgical management and 
perioperative care, age should not be a limiting factor 
as esophagectomy can be safely performed. However, 
some measure of caution should be used especially 
in patients 80 years of age and those with significant 
comorbidities.

t h e Bas i c s o f e s o P h ag e c tomy ■

What to Use for Conduit to Replace the 
Resected Esophagus?

A viable and functional esophageal conduit is one 
of the most important factors affecting postopera-
tive outcome and quality of life. Esophageal conduit 
options are the stomach, colon, and jejunum. Option 
for replacement use may be limited by previous sur-
geries and coexisting diseases, especially previous 
gastric surgery.

Stomach
The stomach is by far the most commonly used con-
duit to replace the resected esophagus (Figure 1). The 
submucosal blood supply is based solely on the right 
gastroepiploic artery after mobilization and rarely has 
anatomic variants. The stomach is easily mobilized to 
reach as high as the upper neck and only requires a 
single anastomosis (Figure 2). Graft necrosis rates are 
low and the stomach retains its shape and function 
over time (40–42).

Colon
When the stomach has a compromised blood supply 
or has undergone previous resection for ulcer treat-
ment or other causes, jejunum or colon must be used 
for conduit (Figure 3). The colon can safely replace 
the esophagus. However, the morbidity and mortal-
ity resulting from the use of this type of conduit is 
relatively high. This includes anastomotic stricture, 
reflux and a 4% to 10% mortality rate (40,43). Prior 
to use of the colon for the conduit, a very thorough 
examination must be made to ensure that there are 
no unsuspected lesions and the colonic blood sup-
ply is adequate. The marginal artery is highly vari-
able and many surgeons will have a CT angiogram 
prior to completely evaluate the blood supply before 

surgery. Nutritional status is crucial in this patient 
population. Both the left and right colon can be 
used. However, most surgeons prefer the left colon 
due to the better blood supply, smaller lumen, and 
easier positioning (40,43).

Jejunum
The Jejunum may also be used as a conduit and is 
mobilized and used as a Roux-en-Y limb. In con-
trast to using the colon the jejunum does not require 
preoperative bowel prep, is easily mobilized, size is 
comparable to the esophagus and it contains large 
mesenteric blood vessels. Jejunal graft necrosis rates 
of 5% to 15% have been reported (40). The location 
of the blood vessels away from the bowel wall within 
the mesentary makes long-segment bowel grafting 

Figure 1 The stomach is most commonly used be-
cause of its excellent submucosal blood supply and 
low rate of postoperative complications. An endo-
stapler is used to divide and shape the stomach into 
a tube.

Pyloromyotomy

4–5 cm
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difficult. Vascular grafting for the long segments to 
the cervical vessels is often performed but adds sig-
nificant time to the surgery (40) (Figure 3).

Anastomotic Location

The anastomosis can be located anywhere in the 
upper thorax or neck. The location of the anastomo-
sis is dependent on several factors:

● surgeon experience and preference (the operative 
approach)

● location of tumor in the esophagus (proximal ver-
sus mid-esophageal versus distal)

● extent of underlying esophageal disease (i.e., 
length of Barrett’s esophagus, dysplasia or radia-
tion damage).

Both intrathoracic and cervical anastomosis have 
certain advantages, but they also expose the patient 

to risks particular to each anastomotic site (Tables 1 
and 2).

Esophagectomy Procedure Approaches

Esophagectomy is a technically demanding opera-
tion with significant morbidity and mortality rates. 
A highly skilled surgeon and an expert team are 
required both in the operating room and during 
postoperative recovery. There are a multitude of sur-
gical approaches including open procedures, mini-
mally invasive resections, or a combination of the 
techniques. Each surgeon has his or her own experi-
ence and patient population. These factors, as well as 
tumor location, dictate the surgical approach. Despite 
significant controversy, no technique differences have 
been proven to impact on esophageal cancer survival 
other than experience.

The transhiatal esophagectomy (THE), transtho-
racic (Ivor Lewis) esophagectomy, and the three-field 

Figure 2 The stomach can be used as both a short- and long-segment conduit. As shown in the figure, it 
easily reaches into the chest and up to the neck.
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esophagectomy are the three most commonly per-
formed operations for esophageal resection (Figure 4). 
These can be performed open or with a combination 
of minimally invasive techniques. All have an abdom-
inal portion to the case where the conduit is formed. 
Whether performed with an open laparotomy or lap-
aroscopically, the intra-abdominal surgery is generally 
similar.

For the THE, a cervical incision is made and the 
anastomosis performed in the neck. Dissection from 
below the diaphragm and through the neck incision 

to free the intrathoracic portion of the esophagus 
is required. The specimen is then pulled up and 
through the cervical incision for division and subse-
quent anastomosis (Figure 5A–C).

The transthoracic or Ivor Lewis esophagectomy 
includes dissection and anastomosis within the tho-
rax. The procedure can be performed completely open 
as shown in Figure 6 or can be minimally invasive 
in approach both through the abdomen and chest 
or a hybrid of the two (Figure 7). The anastomosis 
can be formed in many ways including  hand-sewn 

Nonfatal postoperative complications in
101 patients 

Wound infection

Pulmonary

Prolonged ileus

Graft ischemia

Anastomotic
leak

Other

Distribution of conduits in
malignant disease (n = 36). 

Free jejunum
Jejunal

interposition
A

B

Left
colon

Right
colon

15
9

10

2

6
3

3

3

6

15

Figure 3 Figures A and B show incidence of cejunal and Colon use as conduits and their complication rates.
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 end-to-end, circular stapling and side-to-side linear 
stapling (Figure 8).

Minimally Invasive Esophagectomy (MIE)

Minimally invasive esophagectomy is rapidly emerg-
ing as a surgical alternative to open resections. 
Over the past decade, MIE has emerged as effective 

treatment without compromise to pathologic or 
oncologic outcome (45,51,55–58). MIE offers sev-
eral potential benefits for patients including a lower 
incidence of postoperative pain and pulmonary com-
plications, shorter length of stay, and quicker return 
to activity (4,19,22,45,51,54–63). The learning curve 
required to perform MIE is steep. High-volume cen-
ters with extensive experience in the care of these 
patients, rather than any specific technique are 

TABLe 2 Advantages and disadvantages of the 
cervical anastomosis

Advantages
More complete proximal resection of esophageal tissue
Easier to control and minimize morbidities of leaks
No thoracic pain? Better postoperative pulmonary  
 function
Some also do cervical lymph node dissection

Disadvantages
Damage to recurrent laryngeal nerve
Increased dysphagia and aspiration post operative
Significantly higher leak rates
Most do not do intrathoracic lymph node dissection
Higher rates of anastomotic strictures 
 (14,21,22,49,50,54,55)

TABLe 1 Advantages and disadvantages of the 
 intrathoracic anastomosis

Advantages
Mediastinal lymph node dissection
Wide resection of paraesophageal mediastinal tissues
Minimal risk to recurrent laryngeal nerve
Less graft ischemia
 Lower leak rate
 Less strictures 
 (45, 46) (12,17,19,21–23,41,43,47–50)

Disadvantages
Thoracic pain. Post operative pulmonary complications
Leaks have higher morbidity
Margins of resection less for proximal esophagus 
 (15,19,23,25,35,37,43,48,51–53)

Transthoracic:

Dissection and
anastomosis in chest

Transhiatal:

Dissection and
anastomosis in neck

All for three
field

All consist of an
abdominal portion

5th rib

Figure 4 The three main types of esophagectomies, transhiatal, transthoracic and three field.
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Figure 5 Transhiatal Esophagectomy: Steps 1, 2, and 3.

Step 1: Abdominal procedure to assess metastases and create
stomach conduit. Can be done either open or with laparoscopy

A

B

C

Step 2:  The esophagus is freed through a cervical incision and from below the diaphragm and the
specimen brought out through the neck incision.

Step 3: The conduit is anastomosed to the proximal esophagus in the neck. This can be performed hand
sewn or with stapling devices

Stomach

Pyloroplasty
Duodenum

Blunt esophagus
without thoracotomy

Cervical
esophago-gastrostomy
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associated with decreased morbidity and mortality. A 
multi-institution trial is underway to determine the 
potential advantages of MEI. This trial is being per-
formed by the Eastern Cooperative Oncology Group 
(ECOG 2202).

The future includes increased options for roboti-
cally assisted esophagectomy (Figure 9). Robotically 
assisted esophagectomy provides a higher accuracy, 
finer tissue technique, and a wider range of motion 
than even the laproscopic/thoracoscopic technique. 

Step 1: Abdominal procedure to assess metastases and
create stomach conduit

Step 2: Thoracotomy to resect involved esophagus,
lymph nodes and create anastomosis

5th rib

Figure 6 Transthoracic Ivor Lewis–open procedure steps 1 and 2.

Step 1: Abdominal laparoscopy to assess
metastases and create stomach conduit

Step 2: Thoracoscopy to resect involved esophagus, lymph nodes
and create anastomosis

Figure 7 Transthoracic Ivor Lewis–minimally invasive steps 1 and 2.

Successful series with excellent results have been 
published (64,65).

Extent of Lymph Node Dissection
The extent of lymph node dissection occurring 
at the time of surgery has remained controversial 
(17,48,51,53,56,66,67). Several published reports 
have stated that use of three-field lymph node dissec-
tion significantly increases long-term survival rates 
(48,53,66,68). There has been limited acceptance 
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Figure 9 The future of esophagectomy includes robotic minimally invasive surgery.

Figure 8 Anastomosis of the proximal esophageal stump and the gastric conduit is shown.

(a) (b)

Pleural flap
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among U.S. oncologic centers that advocate extended en 
block lymphadenectomy in certain patients (66,69).

r e s u lt s o f e s o P h ag e c tomy ■

The optimal approach to esophagectomy remains 
controversial, however morbidity and mortality con-
tinues to improve as experience accrues. Results are 
clearly superior in hospitals with surgeons perform-
ing >15 esophagectomies per year (4,12–14,16,18,20, 
21,23,34,36,46,67,70). Pneumonia, atrial fibrillation, 
anastomoic leaks, and strictures continue to be the 
most common complications (4,12–14,16,18,20,21, 
23,34,36,46,52,67,70).

Quality of life is always the primary concern of 
patients and physicians alike. Interestingly, dysphagia 
and overall quality of life are excellent with patient’s 
Standardized Form 36 scores comparable to the U.S. 
norms following esophagectomy (50,52,56,71–73) 
(Figure 10).

c o n c lu s i o n ■

Esophagectomy continues to play a critical role in the 
treatment of esophageal cancer. The procedures are 

well tolerated with low complications at centers with 
high experience and long-term function, and quality 
of life for the survivors is equivalent to that of the 
normal population.

r e f e r e n c e s ■

1. Fisichella PM, Patti MG. Esophageal Cancer. 2009, Available 
at: eMedicine Oncology. Accessed July 2009.

2. Livstone EM. Esophageal Cancer. 2007, Available at: Merck.
com. Accessed July 2009.

3. Chak AFG, Grady WM, et al. Assessment of familiality, 
obesity and other risk factors for early age of cancer diagno-
sis in adenocarcinomas of the esophagus and gastoesopha-
geal junction. Am J Gastro. 2009;104(8):1913–1921.

4. Collins G, Johnson E, Kroshus T, et al. Experience with mini-
mally invasive esophagectomy. Surg Endosc. 2006;20:298–301.

5. Medical Research Council Oesophageal Cancer Working 
Group. Surgical resection with or without preoperative 
chemotherapy in oesophageal cancer: a randomised con-
trolled trial. Lancet. 2002;359:1727–1733.

6. Burmeister BH, Smithers BM, Gebski V, et al. Surgery 
alone versus chemoradiotherapy followed by surgery for 
resectable cancer of the oesophagus: A randomised con-
trolled phase III trial. Lancer Oncol. 2005;6:659–668.

7. Greer SE, GP, Sutton JE, et al. Neoadjuvant chemoradio-
therapy for esophageal carcinoma: a meta-analysis. Surgery. 
2005;137:172–177.

Figure 10 Quality of life survey. (From Ref. 73).

Quality of Life Survey 

0 

Scores are based on 
1. Health Perception; 2. Physical Functioning; 3. Role-Physical; 4. Role-Emotional;
5. Social Functioning; 6. Mental Health; 7. Bodily Pain; 8. Energy/Fatigue

20 

40 

60 

80 

100 

1 2 3 4 5 6 7 8 

Patient Population 

Normal Population 



Surgery for Esophageal Cancer  171

 8. Graham AJ, Shrive FM, Ghali WA, et al. Defining the 
optimal treatment of locally advanced esophageal can-
cer: a systematic review and decision analysis. Ann Thorac 
Surg. 2007;83:1257–1264.

 9. Gebski V, Burmeister B, Smithers BM, et al. Survival 
benefits from neoadjuvant chemoradiotherapy or che-
motherapy in oesophageal carcinoma: a meta-analysis. 
Lancet Oncol. 2007;8:226–234.

10. Tepper J, Krasha M, Niedzwiecki D, et al. Phase III 
trial of trimodality therapy with cisplatin, fluorouracil, 
radiotherapy, and surgery compared with surgery alone 
for esophageal cancer: CALGB 9781. J Clin Oncol. 
2008;26(7):1086–1092.

11. Botet J, Lightdale C, Zarber A, et al. Preoperative staging 
of esophageal cancer: comparison of endoscopic US and 
dynamic CT. Radiology. 1991;181:419–425.

12. Steyerberg EW, Neville BA, Koppert KW, et al. Surgical 
mortality in patients with esophageal cancer: develop-
ment and validation off a simple risk score. J Clin Oncol. 
2006;24:4277–4284.

13. Swisher SG, Deford L, Merriman KW, et al. Effect of 
operative volume on morbidity, mortality, and hospital 
use after esophagectomy for cancer. J Thorac Cardiovasc 
Surg. 2000;119:1126–1132.

14. Whooley BP, Law S, Murthy SC, et al. Analysis of reduced 
death and complication rates after esophageal resection. 
Ann Surg. 2001;233:338–44.

15. Chu KM, Law SY, Fok M, Wong J. A prospective ran-
domized comparison of transhiatal and transthoracic 
resection for lower-third esophageal carcinoma, Am J 
Surg. 1997;174:320–324.

16. Atkins BZ, Shah AS, Hutcheson KA, et al. Reducing hos-
pital morbidity and mortality following esophagectomy. 
Ann Thorac Surg. 2004;78:1170–1176.

17. Low DE, Kunz S, Schembre D, et al. Esophagectomy—
it’s not just about mortality anymore: standardized 
perioperative clinical pathway improve outcomes in 
patients with esophageal cancer. J Gastrointest Surg. 
2007;11:1395–1402.

18. Wouters MW, Krijnen P, LeCessie S, et al. Volume- or 
outcome- based referral to improve quality of care for 
esophageal cancer surgery in the Netherlands. J Surg 
Oncol. 2009;99:481–487.

19. Ferguson MK, Reeder LB, Olak J. Mortality after 
esophagectomy: risk factor analysis. World J Surg. 
1997;21:599–604.

20. Bailey SH, Bull DA, Harpole DH, et al. Outcomes after 
esophagectomy: a ten-yearr prospective cohort. Ann 
Thorac Surg. 2003;75:217–222.

21. Ruol A, Portale G, Zaninotto G, et al. Results of 
esophagectomy for esophageal cancer in elderly patients: 
Age has little influence on outcome and survival. J Thorac 
Cardiovasc Surg. 2007;133(5):1186–1192.

22. Shulman M, Sandler AN, Bradley JW, Young PS, 
Brelomer. Post-thoracotomy pain and pulmonary function 
following epidural and systemic morphine. Anesthesiology. 
1984;61:569–575.

23. Ra J, Paulson EC, Kucharczuk J, et al. Postoperative 
mortality after esophagectomy for cancer: development 

of a preoperative risk prediction model. Ann Surg Oncol. 
2008;15(6):1577–1584.

24. Gibbs J, Cull W, Henderson W, et. al. Preoperative serum 
albumin level as a predictor of operative mortality and 
morbidity. Arch of Surg. 1999;134(1):36–42.

25. Dumont P, Wihlm JM, Hentz JG, et al. Respiratory com-
plications after surgical treatment of esophageal cancer: a 
study of 309 patients according to the type of resection. 
Eur J Cardiothorac Surg. 1995;9:539–543.

26. Bower M, Jones W, Vessesl B. Nutritional management 
during neoadjuvant therapy for esophageal cancer. J Surg 
Oncol. 2009;100:82–87.

27. Knight CE. Nutrition considerations in esophagectomy 
patients. Nutr Clinic Prac. 2008;23(5):521–528.

28. Han-Geurts IJM, Lim A, Stijnen T, Bonjer HJ, 
Laparoscopic feeding jejunostomy. Surg Endosc. 2005; 
19:951–957.

29. Scolapio JS, DeArment J, Hurley DL Roamno M. 
Prophylactic placement orf gastrostomy feeding tubes 
before radiotherapy in patients with head and neck 
cancer: is it worthwhile? J Clin Gastro. 2001;33(3): 
215–217.

30. Jenkinson AD, Lim J, Agrawal N, Menzies D. 
Laparoscopic feeding jejunostomy inesophagogastric can-
cer. Surg Endosc. 2007;21:299–302.

31. Schattner M. Enteral nutritional support of the patient 
with cancer. J Clin Gastroenterol. 2003;36(4):297–302.

32. Pedersen H, Hansen HS, Cederqvist C. The prognostic 
significance of weight loss and its integration in stage 
grouping of esophageal cancer. Acta Chir Scand. 1982;148: 
363–366.

33. Bozzetti F, Cozzaglio L, Gavazzi C, et al. Nutritional 
support in patients with cancer of the esophagus: impact 
on nutritional status, patient compliance to therapy and 
survival. Tumori. 1998;84:681–686.

34. Conti S, West JP, Fitzpatrick HF. Mortality and morbid-
ity after esophago-gastrectomy for cancerr of the esopha-
gus and cardia. Am Surg. 1977;43:92–96.

35. Zheng Y, Li F, Qi B, et al. Application of perioperative 
immunonutrition for gastrointestinal surgery: a meta-
analysis of randomized controlled trials. Asia Pac J Cliln 
Nutr. 2007;16(suppl I):253–257.

36. Internullo E, Moons J, Nafteux P, et al. Outcome after 
esophagectomy for cancer of the esophagus and GEJ 
in patients aged over 75 years. Eur J Cardiothorac Surg. 
2008;33(6):1096–1104.

37. Rice TW, Rusch VW, Apperson-Hansen C, et al. 
Worldwide eso phageal cancer collaboration. Dis Esophagus. 
2008;22:1–8.

38. Moskovitz AM, Rizk NP, Venkatraman E, et al. 
Mortality Increases for Octogenarians Undergoing 
Esophagogastrectomy for Esophageal Cancer. Ann Thorac 
Surg. 2006;82:2031–2036.

39. Moskovitz AM, Rizk NP, Venkatraman E, et al. 
Mortality increases for octogenarians undergoing esoph-
agogastrectomy for esophageal cancer. Ann Thorac Surg. 
2006;82:2031–2036.

40. Wormuth JM, Heitmiller RF. Esophageal conduit 
 necrosis. Thorac Surg Clin. 2006;16:11–22.



172  Thoracic Malignancies

58. Avital S, Zundel N, Szomstein S, Rosenthal R. 
Laparoscopic transhiatal esophagectomy for esophageal 
cancer. Am J Surg. 2005;190:69–74.

59. Maloney JD, Weigel TL. Minimally invasive esophagec-
tomy for malignant and premalignant diseases of the 
esopohagus. Surg Clin N Am. 2008;88:979–990.

60. Nguyen NTM, Roberts P, Follette DM, et al. Thorascopic 
and laproscopic esophagectomy for benign and malignant 
disease: lessons learned from 46 consecutive procedures. 
J Am Coll Surg. 2003;197(6):902–913.

61. Senkowski C, Adams MT, Beck AN, Brower ST. 
Minimally invasive esophagectomy: early experience and 
outcomes. Am Surg. 2006;72(8):677–683.

62. Bizekis C, Kent MS, Luketich JD, et al. Initial experience 
with minimally invasive Ivor Lewis Esophagectomy. Ann 
Thorac Surg. 2006;82:402–407.

63. Law SM. Minimally invasive techniques for oesophageal 
cancer surgery. Baillieres Best Pract Res Clin Gastroenterol. 
2006;20(5):925–940.

64. Galvani C, Gorodner MV, Moser F, et al. Robotically 
assisted laproscopic transhiatal esophagectomy. Surg 
Endosc. 2008;22:188–195.

65. Kernstine K. The first series of completely robotic 
esophagectomies with three-field lymphadenectomy: ini-
tial experience. Surg Endosc. 2008;22(9):2102.

66. Hagen JA, DeMeester SR, Peters JH, Chandrasoma P, 
DeMeester TR. Curative resection for esopageal adeno-
carcinoma: analysis of 100 en bloc esophagectomies. Ann 
Surg. 2001;234:520–530.

67. Chen YJ, Schultheiss TE, Wong JY, Kernstine KH. 
Impact on the number of resected and involved lymph 
nodes on esophageal cancer survival. J Surg Oncol. 
2009;100(2):127–132.

68. Hulsched JB, van Sandick JW, De Boer AG, et al. 
Extended thransthoracic resection compared with lim-
ited transhiateal resection for adenocarcinoma of the 
esophagus. N Engl J Med. 2002;347:1662–1669.

69. Swanson SJ, B.H., Bueno R, et al. Transthoracic 
esophagectomy with radical mediastinal and abdomi-
nal lymph node dissection and cervical esophagogas-
trostomy for esophageal carcinoma. Ann Thorac Surg. 
2001;72:1918–24.

70. Blazeby JM, F.J., Donovan J, et al. A prospective longitu-
dinal study examining the quality of life of patients with 
esophageal carcinoma. Cancer. 2000;88:1781–1787.

71. Headrick JR, N.F., Miller DL, et al. High-grade esopha-
geal dysplasia: long-terrm survival and quality of life 
after esophagectomy. Ann Thorac Surg. 2002;73(6): 
1697–1702.

72. McLarty AJ, Deschamps C, Trastek VF, et al. Esophageal 
resection for cancer of the esophagus: long-term function 
and quality of life. Ann Thorac Surg. 1997;63:1568–1572.

73. Martin JT, Federico JA, McKelvey AA, et al. Prevention 
of delayed gastric emptying after esophagectomy:a single 
center’s experience with botulinum toxin. Ann Thorac 
Surg. 2009;87(6):1713–1714.

41. Nguyen NTM, Longoria M, Sabio A, et al. Preoperative 
laparoscopic ligation of the left gastric vessels in prepa-
ration for esophagectomy. Ann Thorac Surg. 2006;81: 
2318–2320.

42. Mitchell JD. Anastomotic leak after esophagectomy. 
Thorac Surg Clin. 2006;16:1–9.

43. Cerfolio RM, Allen MS, Deschamps CD, et al. Esophageal 
replacement by colon interposition. Ann Thorac Surg. 
1995;59:1382–1384.

44. Blewett CJ, Miller JD, Young JE, et al. Anastomotic leaks 
after esophagectomy for esophageal cancer: a compar-
ison of thoracic and cervical anastomoses. Ann Thorac 
Cardiovasc Surg. 2001;7(2):75–78.

45. Braghetto I, Csendes A, Cardemil G, et al. Open trans-
thoracic or transhiatal esophagectomy versus minimally 
invasive esophagectomy in terms of morbidity, mortality 
and survival. Surg Endosc. 2006;20:1681–1686.

46. Briel JW, Tamhankar AP, Hagan JA, et al. Prevalence and 
risk factors for ischemia, lead, and stricture of esophageal 
anastomosis: gastric pull-up versus colong interposition. J 
Am Coll Surg. 2004;198(4):536–541.

47. Heitmiller RF, Jones B. Transient diminished airway 
protection after transhiatal esophagectomy. Am J Surg. 
1991;162:442–446.

48. Lerut T, Nafteux P, Moons J, et al. Three-field lymph-
adenectomy for carcinoma of the esophagus and gastro-
esophageal junction in 174 R0 resections: impact on stag-
ing, disease-free survival and outcome. Ann Surg. 2004;240: 
962–974.

49. Rentz J, Bull D, Harpole D, et al. Transthoracic versus 
transhiatal esophagectomy: a prospective study of 945 
patients. J Thorac Cardiovasc Surg. 2003;125:1114–1120.

50. Moraca RJ, Low DE. Outcomes and health-related qual-
ity of life after esophagectomy for high-grade dysplasia 
and intramucosal cancer. Arch Surg, 2006;141:545–551.

51. Bussieres JS. Open or minimally invasive esophagectomy: 
are the outcomes different? Curr Opin Anaesthesiol. 2009; 
22:55–60.

52. deBoer AG, van Lanschot JJ, van Sandick JW, et al. 
Quality of life after transhiatal compared with extended 
thrasthoracic resection for adenocarcinoma of the esoph-
agus. J Clin Oncol. 2004;22:4202–4208.

53. Shimada H, Okazumi S, Shiratori T, et al. Mode of 
lymphadenectomy and surgical outcome of upper tho-
racic esophageal squamous cell carcinoma. J Gastrointest 
Surg. 2009;13:619–625.

54. Sanders G, Borie F, Husson E, et al. Minimally invasive 
transhiatal esophagectomy: lessons learned. Surg Endosc. 
2007;21:1190–1193.

55. Dapri G, Himpens J, Cadiere GB. Minimally invasive 
esophagectomy for cancer: laparoscopic transhiatal pro-
cedure or thoracoscopy in prone position followed by lap-
aroscopy? Surg Endosc. 2008;22:1060–1069.

56. Luketich JD, Alvelo-Rivera M, Buenaventura PO, et al. 
Minimally invasive esophagectomy: outcomes in 222 
patients. Ann Surg. 2003;238(4):486–496.

57. Kent MS, Schuchert M, Fernando H, Luketich JD. 
Minimally invasive esophagectomy: state of the art. Dis 
Esophagus. 2006;19:137–145.



Systemic Therapy for Esophageal Cancer

Kelly K. Curtis* and Helen J. Ross

Mayo Clinic, Scottsdale, AZ

A B S T R AC T ■

Pathology and Natural History: Until recently in the United States, a cancer of squamous cell histology was most 
often seen after years of tobacco and alcohol use. However, adenocarcinomas of the distal esophagus and gastro
esophageal junction are increasing in incidence especially among caucasians.

The mucosal layer of the esophagus contains abundant lymphatics, allowing esophageal malignancies easy 
access to lymph channels for local and distant spread. Thus, most patients with esophageal cancer present with 
locally advanced or metastatic disease. Due to its proclivity for lymphatic spread, a majority of patients have occult 
micrometastatic disease at presentation. Squamous cell carcinomas of the esophagus invade lymphatics in the lam
ina propria early in their development, spreading to cervical and superior mediastinal lymph nodes (if in the upper 
third of the esophagus), or paratracheal/hilar/subcarinal, periesophageal, and pericardial lymph nodes (if in the 
middle third). Celiac node metastases can represent regional disease for lower esophageal and gastroesophageal 
junction tumors. Distant sites of spread commonly include lung, liver, and bone.

The histology of esophageal cancer appears to affect patterns of recurrence, with squamous cell carcinomas 
more likely to recur locally and adenocarcinomas more likely to recur distantly. Combined modality treatment 
strategies employing surgery, chemotherapy, and radiation may reduce local recurrence rates, but may result in 
increased rates of distant relapse as patients live long enough for systemic micrometastases to develop into measur
able disease.
Therapy: Multiple combination chemotherapy regimens show activity against metastatic esophageal cancer. Few 
trials have compared combination regimens and no regimen is clearly superior to another. In general, combination 
chemotherapy regimens produce response rates of 30% to 40%, and median overall survivals of 8 to 12 months. 
Most regimens incorporate a fluoropyrimidine, such as 5fluorouracil, with a platinum, such as cisplatin. Newer 
regimens and ongoing clinical trials incorporate targeted agents against the epidermal growth factor receptor and 
vascular endothelial growth factor, and thirdgeneration chemotherapy agent such as taxanes. Secondline therapy 
options for patients with metastatic esophageal cancer are few, with lowresponse rates.

Patients with unresectable esophageal cancer may be treated with definitive chemoradiotherapy. Cisplatin is 
given on day 1 and day 29 and 5fluorouracil via 96hour continuous IV infusion given on days 1 to 4 and days 29 
to 33 with radiation (50.4 Gy in 2 Gy per day fractions), followed by two cycles of the same drugs every 3 weeks 
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I N T RO D U C T I O N ■

There has been an alarming increase in the number 
of new esophageal cancer cases. Once a condition 
seen mainly in men with exposure to tobacco and 
alcohol and typically of squamous cell histology, 
esophageal adenocarcinoma is increasingly common 
among caucasians. Indeed, esophageal adenocarci
noma increased at the greatest rate of any malignancy 
in the United States over the past 25 years (1).The 
reasons for this dramatic increase are not well under
stood. The reasons for this shift remain unclear, but 
may relate to increasing obesity resulting in more GI 
reflux which predisposes to Barrett’s esophagus, a 
precursor lesion.

This chapter will provide an overview of sys
temic therapy for locally advanced and metastatic 
esophageal cancer. A review of esophageal cancer 
epidemiology, natural history, and pathology will be 
provided.

E P I D EM I O LO GY ■

The annual incidence of esophageal cancer in the 
United States has increased from an estimated 
12,300 cases in 2000 to 16,470 in 2008 (2,3). This 
diagnosis is a death sentence for the majority of 

patients, resulting in an estimated 14,280 deaths 
in the United States in 2008 (3). Fiveyear survival 
rates have improved over the last 50 years from 4% 
in 1950–1954 to 17.5% from 1996 to 2003, but more 
than 80% of patients will still die within 5 years of 
diagnosis (4). Esophageal cancer is now the sixth 
most common cause of  cancerrelated death in the 
world (5).

The major histologic subtypes of esophageal 
cancer are squamous cell carcinoma and adenocar
cinoma which account for 93% of esophageal can
cer cases. Although squamous cell carcinoma of the 
esophagus continues to occur, adenocarcinomas 
are now more commonly diagnosed in the Western 
world (6,7). This shift likely occurred sometime in 
the 1990s, with esophageal adenocarcinoma compris
ing approximately half of all esophageal cancer cases 
by 1990 (7,8). The overall incidence of squamous cell 
carcinoma of the esophagus has decreased by 50% 
since the 1970s (9). However, a trend of increasing 
esophageal adenocarcinoma cases among caucasians 
has been observed.

Along with the change in histology, a change has 
been noted in the most common anatomic location 
at which esophageal cancer arises. Unlike squamous 
cell carcinoma of the esophagus, which arises in the 
midesophagus in 75% of cases, 94% of esophageal 

after radiation. This regimen has become one standard of care for this patient population, on the basis of results 
from the Radiation Therapy Oncology Group 85–01 trial. No recent trials of definitive chemotherapy are available 
demonstrating superiority for this regimen.

Trimodality therapy with chemotherapy and radiation prior to surgery (neoadjuvant therapy) is currently the 
most recommended treatment approach for patients with locally advanced, resectable esophageal cancer. Two meta
analyses of trials of neoadjuvant chemoradiotherapy and surgery versus surgery alone found a significant improve
ment in longterm survival with neoadjuvant chemoradiotherapy followed by surgery. Cisplatin and 5fluorouracil 
are the most studied drugs with radiation.

Several studies have investigated induction chemotherapy prior to chemoradiotherapy and surgery, but in the 
absence of trials comparing induction chemotherapy plus neoadjuvant chemoradiotherapy followed by surgery to neoad
juvant chemoradiotherapy followed by surgery (without induction chemotherapy), this strategy remains investigational, 
and probably should be employed only in the context of a clinical trial. Published trials of induction chemotherapy 
show results comparable to, but no better than, conventional neoadjuvant chemoradiotherapy followed by surgery.

Gastroesophageal (GE) junction adenocarcinoma managemet  is controversial with some authors suggesting 
it be treated as esophageal cancer or others as gastric cancer. For patients with locally advanced adenocarcinoma 
of the distal esophagus and stomach, induction chemotherapy prior to surgery is an acceptable treatment approach 
based on results from the United Kingdom Medical Research Council Adjuvant Gastric Infusional Chemotherapy 
(MAGIC) trial that included both gastric and gastroesophageal junction cancers, and in which induction chemo
therapy with epirubicin, cisplatin and infusional 5fluorouracil significantly improved 5year survival compared with 
surgery alone.
Algorithm: An algorithm for esophageal cancer treatment is presented in Chapter 9, “Radiotherapy for 
Esophageal Cancer.”
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adenocarcinomas affect the distal esophagus, includ
ing the gastroesophageal junction, now making 
esophageal carcinoma primarily a disease of the dis
tal esophagus and gastroesophageal (GE) junction 
(6,10,11).

Racial disparities in incidence, histology, and 
survival of esophageal cancer have been well docu
mented. For example, in 2002, African American 
males living in the District of Columbia in the United 
States had the fifth highest incidence of esophageal 
cancer in the world (149 cases per 100,000 popula
tion). African American females in Connecticut had 
the 14th highest incidence of esophageal cancer in 
the world (36 cases per 100,000 population) (6). 
The ageadjusted incidence of esophageal cancer is 
approximately twofold higher for African Americans 
compared with whites with ageadjusted mortality 
rate also twice that of whites (12). Squamous cell 
carcinoma remains the most common esophageal 
cancer histology in African Americans, with adeno
carcinoma incidence in African Americans 30% the 
rate of whites (10,12,13). African Americans also 
appear to have a lower 5year survival rate stagefor
stage compared to whites, with a 20% 5year sur
vival for localized lesions (compared with 36% for 
whites), and 11% 5year survival for locally advanced 
cancers (compared with 18% for whites) (6). African 
Americans with metastatic disease appear to have 
comparable survival to whites (6).

As with disparities in race, sex also appears to 
impact incidence and histology of esophageal cancer. 
The discrepancies in sex, as it relates to esophageal 
cancer, are illustrated by the incidence of esophageal 
adenocarcinoma of the gastroesophageal junction 
in men, which outnumbered that in women 5:1 in 
a study of patients in Connecticut over a 20year 
study period ending in 1989 (10). Furthermore, 
females still are more likely to be diagnosed with 
squamous cell carcinoma of the esophagus than 
men, although the incidence of esophageal adeno
carcinoma in women is increasing, as noted pre
viously (9,12). While the incidence of esophageal 
cancer in white men has increased, the incidence 
of esophageal cancer in women held steady (9). 
This constant rate is due mainly to the decrease in 
squamous cell carcinoma of the esophagus that was 
replaced by the increase in esophageal adenocarcin
oma in women (9). Although 5year survival does 
not appear to differ between men and women (6% 
vs. 7% for African American males and females, 
respectively and 11% vs. 12% for white males and 

females, respectively), mortality rates are higher for 
men than women (12).

In summary, esophageal cancer is a disease in 
evolution. The overall incidence of esophageal can
cer is increasing, and survival has improved only 
slightly over the past 50 years. Adenocarcinoma 
of the esophagus is now more common than squa
mous cell carcinoma. Squamous cell carcinoma of 
the esophagus continues to affect predominantly 
African Americans and women, whereas esophageal 
adenocarcinoma (especially of the gastroesophageal 
junction) has become increasingly common in cau
casians. African Americans have lower survival rates 
from esophageal cancer than whites. The reasons for 
these patterns are not fully understood.

A N ATOMY,  PAT H O LO GY,  A N D  ■

N AT U R A L H I S TO RY

The esophagus is a 25 to 30 cmlong portion of the 
alimentary canal. It extends from the cricopharyn
geus muscle at the level of the sixth cervical verte
bra through the esophageal hiatus at the level of the 
tenth thoracic vertebra to the gastroesophageal junc
tion. It is typically divided into thirds for descriptive 
purposes— the upper third comprising the portion of 
the esophagus extending from the thoracic inlet to 
the level of the carina, the middle third extending 
from the carina to the inferior pulmonary veins, and 
the distal third comprising the remainder of the organ 
to the gastroesophageal junction (14). It is comprised 
of a mucosal layer lined by nonkeratinized squamous 
epithelium, overlaid by lamina propria containing 
lymphatics and the muscularis mucosa, submucosa, 
muscularis externa, and adventitia. As mentioned 
previously, squamous cell carcinoma is found typi
cally in the upper twothirds of the esophagus (60% 
in the middle third, 30% in the upper third, and 
10% in the distal third) (15,16), and adenocarcinoma 
arises predominantly in the distal third (17,18).

Esophageal squamous cell carcinoma invades 
lymphatics in the lamina propria early, spreading to 
cervical and superior mediastinal lymph nodes (if in 
the upper third of the esophagus), or paratracheal/
hilar/subcarinal, periesophageal, and pericardial 
lymph nodes (if in the middle third) (14). Fistula for
mation may result from invasion of local structures, 
such as a tracheoesophageal fistula, or erosion into 
the aorta with massive hemorrhage. Distant sites of 
spread include lung, liver, and bone.



176  Thoracic Malignancies

Adenocarcinomas of the esophagus occur lower 
and characteristically spread to lower mediastinal and 
celiac axis lymph node areas (14). Barrett’s esopha
gus is a condition resulting from chronic exposure 
to reflux of gastric acid; in this condition, the nor
mal, squamous epithelium of the distal esophagus is 
replaced by an intestinaltype columnar epithelium, 
termed “intestinal metaplasia.” Barrett’s esophagus 
is the single most important risk factor for devel
oping esophageal adenocarcinoma (19,20). Indeed, 
most esophageal adenocarcinomas are associated 
with areas of intestinal metaplasia, although not all 
patients presenting with esophageal adenocarcinoma 
have antecedent histories of documented Barrett’s 
esophagus (21–26). The current model holds that 
intestinal metaplasia progresses from lowgrade dys
plasia to highgrade dysplasia, then to carcinoma. It is 
believed that chronic exposure to gastric acid injures 
the normal cells of the distal esophagus, leading to 
repair through aberrant differentiation, resulting in 
intestinal metaplasia, which then predisposes to car
cinogenesis (27). Adenocarcinoma of the esophagus 
not associated with Barrett’s esophagus may arise 
from ulcers or plaques in the distal esophagus (28).

Esophageal cancer’s natural history is of early 
spread to locoregional lymph nodes and distant 
sites. As described, the mucosal layer of the esopha
gus contains abundant lymphatics, allowing esopha
geal malignancies easy access to lymph channels for 
local and distant spread. Thus, most patients with 
esophageal cancer present with locally advanced 
(i.e., lymph node positive) or disseminated (i.e., 
metastatic) disease (29,30). Due to its proclivity for 
lymphatic spread, a majority of patients have occult/
micrometastatic disease at presentation (31,32). The 
histology of esophageal cancer appears to affect pat
terns of recurrence, with squamous cell carcinomas 
more likely to recur locally, and adenocarcinomas 
more likely to recur distantly (32,33). It is not clear 
whether treatment modality affects recurrence pat
terns. As will be discussed in the coming sections, 
combinations of surgery, chemotherapy, and radi
ation may reduce local recurrence rates but increase 
the propensity to  distant relapse (34).

MO L E C U L A R B I O LO GY ■

Esophageal cancer, like other malignancies, results 
from a complex process whereby once normal cells 
gain an ability to reproduce in an unchecked manner. 

A malignant phenotype is acquired as normal cells 
develop mutations in protooncogenes (which upreg
ulate cell proliferation and inhibit programmed cell 
death), tumor suppressor genes (which decrease cell 
proliferation and promote programmed cell death), 
mismatch repair genes (which correct mistakes in 
DNA replication), and mitotic checkpoint genes 
(which facilitate normal chromosomal division 
between cells during mitosis) (35). Disregulation of 
apoptosis (programmed cell death) also plays a criti
cal role. Improperly activated oncogenes and/or inac
tivated tumor suppression genes ultimately allow a 
cell to pass unchecked through the restriction point 
from G1 to S phase, leading to unregulated cell divi
sion. Unchecked cell growth combined with suppres
sion of apoptosis leads to cancer development and 
progression (36).

Table 1 summarizes oncogenes, their function, 
and drugs developed to counteract their effect, in 
esophageal adenocarcinoma. Oncogenes (the term 
for protooncogenes once they are aberrantly acti
vated by mutations) known to be amplified and/or 
overexpressed in esophageal adenocarcinoma include 
EGFR, TGF-α, c-erbB2 (HER2/neu), fibroblast growth 
factor genes, rasfamily oncogenes, c-myc, src, BRAF, 
PIK3CA, and HNF3α (37–55). Relevant tumor sup
pressor genes include FHIT, VHL, PPARγ, APC, 
p16, Rb, p53, DCC, SMAD4, and those on chromo
somes 7q and 14q (56–69). These genes and their 
role in esophageal adenocarcinoma are summarized 
in Table 2. In the case of tumor suppressor genes, 
both gene copies must be inactivated for effects to 
be manifest. First, a loss of heterozygosity event 
occurs, in which a tumor suppressor gene becomes 
inactivated by a mutation, followed later by a second 
event such as a second inactivating mutation in or 
promoter hypermethylation of the remaining func
tional tumor suppressor gene (35). In the case of the 
aforementioned tumor suppression genes in esopha
geal adenocarcinoma, loss of heterozygosity, but not 
necessarily a second inactivating mutation or pro
moter hypermethylation, has been identified for the 
VHL, PPARγ, APC, Rb DCC, and SMAD4 genes, 
and on chromosomes 7q and 14q. This finding sug
gests that other tumor suppressor genes juxtaposed to 
these genes, or other inactivating mutations in these 
genes themselves, have yet to be identified (35).

Defects in mismatch repair, leading to microsat
ellite instability, have been associated with esopha
geal adenocarcinomas (57,66,70–73). Mutations in 
genes responsible for repair of mispaired, inserted, 
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or deleted nucleotides in DNA, a process called 
mismatch repair, leads to accumulation of muta
tions in short, repetitive sequences of DNA (mic
rosatellites), leading to microsatellite instability 
(74). Microsatellite instability is believed to lead to 
inactivation of genes necessary for normal cellu
lar function, ultimately causing malignant trans
formation (75). Although microsatellite instability 
has been observed in esophageal adenocarcinoma, 
mutations in the mismatch repair genes MLH1 and 
MSH2 have not definitely been linked to esophageal 
 adenocarcinoma (35).

Proteins involved in apoptosis are dysregulated 
in esophageal adenocarcinoma. Fas receptor, a trans
membrane protein that binds fas ligand to form a 
deathinducing signaling complex, appears to be 
reduced or absent on the cell membrane in esopha
geal adenocarcinomas (76). Studies also have shown 
an overexpression of fas ligand, in addition to expres
sion of fas receptor at low levels or absent altogether 
(77,78). Decreased or absent levels of fas receptor 
would impair a cell’s ability to regulate apoptosis. 

The murine double minute2 gene (mdm2) encodes 
a protein that decreases p53 transcriptional activ
ity and targets p53 for destruction, thereby inhibit
ing apoptosis. Mdm2 is overexpressed in esophageal 
adenocarcinomas (79). Finally, survivin, a protein 
capable of inhibiting apoptotic pathways and that 
interacts with the mitotic spindle during the G2/M 
phase, has been identified in 95% of esophageal car
cinomas (80–82).

Several other proteins are associated with esopha
geal adenocarcinoma development and progression. 
Telomerase, an enzyme that maintains the 3′ end of 
DNA strands, thereby stabilizing chromosomes and 
allowing unlimited DNA replication, is expressed in 
high levels in esophageal adenocarcinomas (83,84). 
Cyclin D1 and Cyclin E, proteins that bind to cyclin
dependent kinases to drive cells from G1 to S phase, 
are overexpressed in these cancers as well (85–88). 
Ecadherin, a protein necessary for maintaining cell
tocell adhesion, is underexpressed in esophageal 
adenocarcinomas, possibly due to hypermethylation 
of the E-cadherin gene promoter (89–91).

TABLE 1 Proto-oncogenes associated with esophageal adenocarcinoma

Proto-
Oncogenes

Chromosome  
Location Event Function

Inhibitory 
Drug

EGFR 7p1213 Amplification/
overexpression

Cell surface receptor for EGF and TGFα;  
once activated, stimulates cell division.

Cetuximab
Erlotinib
Gefitinib

TGF-α 2p13 Amplification Growth factor, binds to EGFR, stimulates  
cell division.

None

c-erbB2  
(HER2/neu)

17q21 Amplification/
overexpression

Cell surface receptor for EGF; once activated, 
stimulates cell division.

Lapatinib
Trastuzumab

FGF2 4q26 Overexpression Angiogenesis factor None
Ras family Kras 6, 12

Nras 1
Hras 11

Activating mutation Propagation of growth factor signaling None

c-myc 8q24 Amplification Regulates genes governing cell proliferation None
c-src 20q11 Overexpression Activates tyrosine kinase pathways for cell 

proliferation
None

BRAF 7q34 Activating mutation Propagation of growth factor signaling Sorafenib
PIK3CA 3q26 Amplification Regulator of cell proliferation and survival 

pathways
None

HNF3α 14q13 Amplification/
overexpression

Unknown in esophageal cancer;  
regulates genes for hepatocyte regeneration

None 

EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; FGF, fibroblast growth factor; HNF3α, 
hepatocyte nuclear factor 3 alpha; PIK3CA, phosphatidylinositol 3kinase family member; TGFα, transforming growth 
factor alpha.
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The list of genes and proteins involved in 
esophageal adenocarcinoma development and pro
gression can be duplicated for squamous cell carcin
oma (14,92,93). Among protooncogenes, EGFR, 
c-erbB2, myc, and rasfamily oncogenes are known 
to be associated with development of squamous 
cell carcinoma of the esophagus (94–99). p53, p16, 
Rb, PPARγ, APC and the tylosis esophageal cancer 
(TOC) gene are tumor suppressor genes known to be 
mutated and/or inactivated in esophageal squamous 
cell carcinoma (100–111). Fasreceptor, survivin, 
and bcl2 family proteins involved in apoptosis are 
known to be dysregulated in this form of esophageal 
cancer (112–116). Cyclin D1 amplification has been 
found in many studies of esophageal squamous cell 
carcinoma tumor samples (93,105,117–119). Thus, 
it appears that adenocarcinomas and squamous cell 
carcinomas both arise because of similar disrup
tions in the cellular machinery. These similarities 
may have important implications as new therapies 
are developed. If each form of esophageal cancer 
has the same or similarly aberrant pathways, drugs 
targeting these pathways might successfully treat 
either.

R I S K FAC TO RS ■

There are several wellestablished risk factors for 
esophageal cancer. Some are common to both 
squamous cell carcinoma and adenocarcinoma; oth
ers are unique to one particular form (Table 3).

Tobacco and Alcohol

Tobacco and alcohol use are known to increase esoph
ageal cancer risk. Each agent increases risk inde
pendently of the other; used together and in heavy 
amounts, risk is multiplied (120). The proportion of 
squamous cell carcinoma of the esophagus attrib
utable to eversmoking (population attributable risk) 
is estimated at 56.9%, and for those consuming 30 
or more alcoholic beverages per week, 44.9% (121). 
Smoking 20 or more cigarettes per day for 35 or more 
years appears to increase risk of esophageal squamous 
cell carcinoma at least 10fold (122). This amount of 
smoking, in combination with more than 70 g of alco
hol or 5 drinks of 1½ ounces of hard alcohol each week, 
appears to increase the risk of esophageal squamous 

TABLE 2 Tumor suppressor genes associated with esophageal adenocarcinoma

Tumor Suppressor  
Gene

Chromosome  
Location

Event Function 

FHIT 3p14 Gene deletion Unknown, but frequently found deleted in 
many carcinogenrelated cancers

VHL 3p2526 Loss of heterozygosity Targets HIF1a for degradation, thereby 
decreasing angiogenesis.

PPARγ 3p2526 Loss of heterozygosity Unknown in esophageal cancer; may regulate 
cell growth and differentiation.

APC 5q21 Loss of heterozygosity  
and/or promoter  
hypermethylation

Targets beta catenin for degradation, thereby 
decreasing transcription of cell proliferation 
genes.

P16 9p21 Loss of heterozygosity  
and/or gene deletion

Inhibits cyclin dependent kinases 4 and 6, 
preventing cells from progressing from G1 to 
S phases.

Rb 13q14 Gene deletion Inhibits E2F family transcription factors 
necessary for cells to progress from G1 to  
S phases; may regulate apoptotic pathways.

P53 17p Loss of heterozygosity Arrests cells prior to S phase; induces apoptosis 
of cells with irreparable DNA damage.

SMAD4 and DCC 18q Loss of heterozygosity Arrest cell proliferation and migration.

APC, Adenomatosis Polyposis Coli; DCC, deleted in colorectal carcinoma; FHIT, Fragile Histidine Triad; HIF1a, hypoxia 
inducible factor; PPARγ, peroxisome proliferatoractivator receptor; Rb, Retinoblastoma; VHL, von Hippel Lindau.
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cell carcinoma at least 23fold (122). The proportion 
of esophageal adenocarcinoma in the population 
attributed to eversmoking is 39.7% (121). Combined 
with heavy alcohol use (more than 70 g of alcohol per 
week), smoking increases esophageal adenocarcinoma 
risk at least twofold (122). Smoking cessation lowers 
squamous cell carcinoma of the esophagus risk by 
up to 50%, with less risk over time since exposure to 
tobacco was stopped (123,124). Esophageal adenocar
cinoma risk appears to persist despite smoking cessa
tion (123,124). Consumption of one or more alcoholic 
beverage per day alone is a risk factor found in 80% 
of squamous cell carcinoma of the esophagus (125). A 
doseresponse relationship to alcohol consumption and 
risk of squamous cell carcinoma of the esophagus may 
exist, and cessation of alcohol use appears to reduce 
risk over time (126). The risk of adenocarcinoma of 
the esophagus from alcohol consumption is less well 
established, with some studies showing no increased 
risk with beer or hard liquor intake (121,124).

Diet

The role of diet in development of esophageal cancer is 
less clear. Casecontrol studies have attempted to show 
links, but evidence is far from definitive. Diets high 
in antioxidants (vitamin C, βcarotene, vitamin E), 

and fruits and vegetables had significantly lower 
odds of Barrett’s esophagus in one casecontrol study 
(127). Another casecontrol study, in which cases and 
controls were interviewed with regard to dietary hab
its, showed diets high in fiber, βcarotene, folate, and 
vitamins B6 and C lowered odds of esophageal ade
nocarcinoma and squamous cell carcinoma, whereas 
diets high in animal protein, cholesterol, and vitamin 
B12 increased the risk (128). Diets high in folate 
were shown to decrease the relative risk of esophageal 
squamous cell carcinoma and adenocarcinoma in one 
metaanalysis (129). Dietary intake of Nnitrosamines 
has been linked to an increased risk of squamous cell 
carcinoma of the esophagus in China, and vitamin C 
intake has been found to reduce Nnitrosamine levels 
in gastric juice, suggesting a possible protective effect 
from vitamin C (130,131). Chronic ingestion of hot 
beverages (greater than 65°C), diets low in selenium, 
and low tissue levels of zinc have also been reported 
as risk factors for squamous cell carcinoma of the 
esophagus (132–134).

Demographics

As discussed previously, race and sex appear to impact 
esophageal cancer incidence, histology and survival. 
Additionally, socioeconomics impact esophageal can
cer risk, with higherincome, highereducated individ
uals having lower odds of esophageal adenocarcinoma 
and squamous cell carcinoma than the lowest quintile 
(those with less than $15,000 per year income and less 
than 12 years of education completed) (124).

Tylosis

Tylosis, an autosomal dominant condition caused by 
mutations in or deletions of the tylosis esophageal 
cancer (TOC) gene on chromosome 17, is associated 
with a high risk of squamous cell carcinoma of the 
esophagus (110,111). The condition results in hyper
keratosis of the palms and soles, with a high number 
of esophageal papillomas. Abnormal maturation of 
squamous cells and inflammation are noted on histo
pathological examination (135).

Infection

Human papilloma virus (HPV) serotypes 16 and 
18 have been shown to inactivate p53 and Rb tumor 

TABLE 3 Risk factors associated with adenocarci-
noma and squamous cell carcinoma of the  esophagus 
development

Adenocarcinoma Squamous Cell Carcinoma
Barrett’s esophagus Achalasia
Bisphosphonates Alcohol
Demographics (race, sex, 

geography, socioeconomics)
Bisphosphonates?

Diet? Caustic injury
Gastroesophageal reflux 

disease
Demographics (race, 

sex, geography, 
socioeconomics)

Helicobacter pylori infection 
(↓ risk)?

Diet?

Medications decreasing  
lower esophageal sphincter 
pressure

Human papilloma virus 
infection?

Obesity Prior upper aerodigestive 
tract malignancy

Tobacco Tobacco
 Tylosis
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suppressor genes (136). Associations between HPV 
and squamous cell carcinoma of the esophagus have 
been established in highincidence regions, with HPV 
detected in as few as 8.5% and as many as 65% of 
esophageal squamous cell carcinoma cases in Eastern 
countries (137,138). In contrast, the association of 
HPV and squamous cell carcinoma of the esophagus 
in lowincidence regions of the West is less clear, with 
no HPV detected in studies of tumor specimens in 
Slovenia, Italy, and the United States, and no asso
ciation between HPV and squamous cell carcinoma 
of the esophagus in a casecontrol study in Sweden 
(139–142). Thus, it is unclear whether HPV causes 
squamous cell carcinoma of the esophagus, and the 
association between highrisk sexual behaviors, HPV 
transmission, and squamous cell carcinoma of the 
esophagus are not well understood.

In contrast to HPV infection, which pos
sibly increases the risk of squamous cell carcinoma, 
Helicobacter pylori infection may decrease the risk of 
adenocarcinoma of the esophagus. One review of the 
literature concluded that Helicobacter pylori infection 
may be associated with a lower risk of reflux esopha
gitis, due to achlorhydria induced by atrophic gastri
tis, which is caused by Helicobacter pylori infection 
(143). One might speculate, then, that as the risk of 
reflux esophagitis is reduced with Helicobacter pylori 
infection, the risk of esophageal adenocarcinoma is 
reduced, as was suggested by one metaanalysis (144). 
Other studies have found that high levels of anti
bodies to the cagA+ strain of Helicobacter pylori may 
lower risk of esophageal adenocarcinoma (145,146). 
The data are conflicting, however, with some stud
ies showing Helicobacter pylori infection not related 
to Barrett’s esophagus risk (147,148). Thus, the role 
of Helicobacter pylori in the development of Barrett’s 
esophagus, reflux esophagitis, and esophageal adeno
carcinoma remains speculative. It does not appear 
that Helicobacter pylori infection is linked to squa
mous cell carcinoma of the esophagus (144).

Prior Malignancies

Patients with a history of aerodigestive tract cancers 
(e.g., head and neck, lung) are at increased risk for 
developing a second aerodigestive tract cancer. One 
study of head and neck cancer patients identified an 
annual incidence of second aerodigestive tract can
cers of 4%, with esophageal cancer arising in 9% of 
such patients (149). Similarly, esophageal cancer may 

be found eventually in up to 10% of patients with a 
history of lung cancer (150). Synchronous esophageal 
squamous cell carcinoma has been found in up to 
14% of newly diagnosed patients with squamous cell 
carcinoma of the head and neck (151). These findings 
are likely due to a “field defect” created by tobacco 
and alcohol use, which increases the risk of cancer at 
multiple aerodigestive sites (151).

Esophageal Disorders

Disorders and injuries of the esophagus, such as 
achalasia or caustic injury from lye ingestion, are 
recognized risk factors for squamous cell carcinoma 
of the esophagus (152,153). PlummerVinson syn
drome has also been associated with an increased 
risk of squamous cell carcinoma of the esophagus 
(154). In the case of achalasia and PlummerVinson 
syndrome, cancer may develop as a result of chro
nic irritation of the esophagus from retained food 
 particles (14,154).

Medications

Certain medications, including those that decrease 
pressure of the lower esophageal sphincter, have been 
linked to an increased risk of esophageal cancer, 
although evidence is weak. A casecontrol study of 
newly diagnosed esophageal adenocarcinoma patients 
in Sweden identified an almost fourfold higher odds 
ratio of this cancer in patients using medications 
that relax the lower esophageal sphincter (such as 
aminophyllines, nitroglycerin, anticholinergics, beta
 agonists, and benzodiazepines) compared with con
trols (155). However, another casecontrol study found 
an increased risk of esophageal adenocarcinoma only 
with use of betaagonists and theophylline, and not 
with nitrates (156). Yet another casecontrol study 
found an increased risk of Barrett’s esophagus with 
use of betaagonists and theophylline in patients less 
that 70 years of age. When the results were adjusted 
for presence of asthma symptoms, the association was 
much less, suggesting that gastroesophageal reflux 
may be triggering asthma and Barrett’s esophagus, 
instead of the asthma medications causing Barrett’s 
esophagus (157). Finally, diagnoses of esophageal 
squamous cell carcinoma and adenocarcinoma have 
been made in patients on longterm bisphosphonate 
therapy. The U.S. Food and Drug Administration 
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recommends that patients with known Barrett’s 
esophagus not take bisphosphonates orally (158).

Obesity and Gastroesophageal  
Reflux Disease

It is believed that the increased incidence of esopha
geal adenocarcinoma seen over the past two decades 
is, in part, due to the increased prevalence of obe
sity in Western society (159). Whether this increased 
incidence of adenocarcinoma is solely because obe
sity increases gastroesophageal acid reflux, or if it is 
because of other factors, is not certain. Studies have 
shown that obesity increases the risk of gastroesopha
geal reflux disease (160,161). Gastroesophageal reflux 
disease, in turn, has been found to increase the risk 
of esophageal adenocarcinoma, with frequent, severe, 
longlasting reflux increasing the odds by the greatest 
amount (162,163). However, obesity is known to be 
an independent risk factor for esophageal adenocar
cinoma, regardless of gastroesophageal reflux disease 
symptoms (159,161). Furthermore, approximately 
40% of patients with adenocarcinoma of the esopha
gus have no history of reflux (26,162). Therefore, it 
does not appear that a stepwise progression of weight 
gain, leading to symptomatic gastroesophageal reflux, 
leading to Barrett’s esophagus, leading to adenocar
cinoma, necessarily occurs. Obese patients, with or 
without symptomatic gastroesophageal reflux, have 
an increased risk of esophageal adenocarcinoma, just 
as normalweight patients with gastroesophageal 
reflux appear to be at an increased risk.

Barrett’s Esophagus

As noted, Barrett’s esophagus is the single most 
important risk factor for developing esophageal ade
nocarcinoma (19,20). Patients found to have Barrett’s 
esophagus have a 40 to 125fold higher risk of devel
oping esophageal adenocarcinoma, with an absolute 
risk of 1 in 200 in a given year (19,20,164–166). 
Central adiposity increases the risk of Barrett’s esoph
agus (167,168). In addition, Barrett’s esophagus can 
be identified in up to 15% of patients with antecedent 
histories of gastroesophageal reflux, and is the most 
common medical complication of longstanding gas
troesophageal reflux disease (169,170). Despite this 
known association between obesity, gastroesophageal 
reflux, Barrett’s esophagus, and adenocarcinoma, less 

than 5% of patients undergoing surgery for esoph
ageal adenocarcinoma had documented Barrett’s 
esophagus prior to presenting with symptomatic 
cancer, and 40% of patients with adenocarcinoma 
of the esophagus have no history of reflux (26,162). 
This suggests that screening obese patients or those 
patients with a history of gastroesophageal reflux 
disease for Barrett’s esophagus is unlikely to impact 
esophageal adenocarcinoma outcomes, and even 
surveillance endoscopy for patients with established 
Barrett’s esophagus is the subject of controversy 
(171). A review of screening for Barrett’s esophagus 
in patients with a history of gastroesophageal reflux 
disease, surveillance, and treatment of established 
Barrett’s esophagus, and treatment of esophageal dys
plasia, is beyond the scope of this chapter.

E VA LUAT I O N A N D S TAG I N G ■

The evaluation and staging of esophageal cancer is 
covered in Chapter 10, “Surgery for Esophageal 
Cancer.” Detailed descriptions of the TNM system 
for staging of esophageal cancer, preoperative evalu
ation with imaging (including the role of EUS and 
PET, and the role of diagnostic laparoscopy and 
bronchoscopy in the initial evaluation of esophageal 
cancer) are provided.

S YS T EM I C T H E R A P Y F O R  ■

E S O P H AG E A L C A N C E R I N  
N O N S U RG I C A L C A N D I DAT E S

Systemic Therapy for Metastatic  
Esophageal Cancer

Many drugs have activity against both esophageal 
squamous cell carcinoma and adenocarcinoma. 
Early trials of systemic therapy for esophageal cancer 
were conducted at a time when squamous cell his
tology predominated, and investigated mostly agents 
active in squamous cell carcinomas of the head and 
neck. Drugs such as bleomycin, 5fluorouracil, cis
platin, doxorubicin, etoposide, methotrexate, and 
 mitomycinC, which have activity in head and neck 
cancer, also have been shown to produce responses in 
patients with metastatic squamous cell carcinoma of 
the esophagus. However, responses are rarely com
plete and generally shortlived (172–181). As esopha
geal adenocarcinoma has become the more common 
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histology, esophageal cancer trials have investigated 
drugs known to be active in gastric adenocarcinoma. 
Furthermore, most trials conducted over the past two 
decades have included patients with both squamous 
cell carcinoma and adenocarcinoma of the esopha
gus, as well as adenocarcinoma of the gastroesoph
ageal junction and gastric cardia, with the regimens 
investigated considered active in each type of cancer. 
Therefore, this discussion of systemic therapy for met
astatic esophageal cancer will not delineate between 
esophageal adenocarcinoma and squamous cell car
cinoma, nor between cancers of the proximal esoph
agus, gastroesophageal junction, or gastric cardia. 
Survival and response rates that are observed with 
particular combinations of drugs will be presented 
for “esophageal cancer” as a whole, incorporating all 
of these forms, since this is the approach of most of 
the clinical trials whose data are presented.

In modern clinical practice, singleagent chemo
therapy for metastatic esophageal cancer is rarely 
used.Only a few trials have compared combination 
chemotherapy to singleagent treatment. These tri
als showed improved response rates with combin
ation therapy, but no differences in overall survival 
(178,182–184). However, a metaanalysis demon
strated improved survival with combination chemo
therapy compared to use of single agents (185). These 
data, plus a consensus among most oncologists that 
combination chemotherapy is more effective, means 
that most patients now being treated for esophageal 
cancer in the metastatic setting are receiving multi
drug regimens. Indeed, guidelines from the National 
Comprehensive Cancer Network do not list single
agent therapy as a consideration for treatment of 
metastatic esophageal cancer. Only combination 
regimens are recommended (186). Thus, a detailed 
overview of response rates and survival with single
agent chemotherapy for metastatic esophageal cancer 
is of historical interest, and will not be presented in 
detail.

Combination chemotherapy regimes for treat
ment of metastatic esophageal cancer are many and 
varied. Table 4 summarizes combinations recom
mended by the National Comprehensive Cancer 
Network for metastatic esophageal cancer or locally 
advanced esophageal cancer for which chemoradia
tion is not feasible (186).

Epirubicin-Based Therapy
Among these combinations, epirubicin given with 
cisplatin and infusional 5fluorouracil (ECF) has 

shown promising results. One trial of ECF found a 
71% response rate with 12% of study patients hav
ing complete responses. Overall median survival 
was 8.2 months, with a 30% and 10% survival rate 
at 1 and 2 years, respectively. Significant leuko
penia was observed in 21% of patients, and grade 
3 or 4 emesis in 13% (187). Another trial of ECF 
versus  5fluorouracil, doxorubicin and methotrex
ate (FAMTX) showed an overall response rate of 
45% with ECF versus 21% with FAMTX, and sig
nificantly improved median overall survival with 
ECF (8.9 months) versus FAMTX (5.7 months). 
Alopecia and emesis were more common with ECF, 
compared to infection and bone marrow suppres
sion with FAMTX (188). A metaanalysis of ran
domized phase 2 and 3 trials of firstline therapy 
in advanced gastric cancer found that combination 
therapy with 5 fluorouracil, an anthracycline and cis
platin improved overall survival (185), so that ECF is 
now considered a reference standard for treatment of 
advanced upper gastric (i.e., gastroesophageal junc
tion and gastric cardia) adenocarcinoma.

Modifications of ECF are probably also effective. 
A noninferiority trial substituted oxaliplatin for cis
platin, and capecitabine for infusional  5flurorouracil, 
to create the regimens of epirubicin plus cisplatin 
and capecitabine (ECX), epirubicin plus oxalipla
tin and infusional 5fluorouracil (EOF), and epiru
bicin plus oxaliplatin and capecitabine (EOX). These 
combinations, along with ECF, were compared in a 
twobytwo randomization. Noninferiority of ECX 
compared to ECF, and of EOX to EOF, was dem
onstrated, suggesting that oxaliplatin and capecitab
ine may be substituted for cisplatin and infusional 
5fluorouracil. A secondary analysis also found sig
nificantly longer overall survival for EOX compared 
to ECF (11.2 vs. 9.9 months). Use of oxaliplatin 
resulted in less neutropenia and renal toxicity com
pared to cisplatin, while infusional 5fluorouracil 
and capecitabine treated patients experienced similar 
toxicities (189).

Fluoropyrimidine-Based Therapy
Infusional 5fluorouracil, combined with cisplatin, 
has been used for treatment of localized esophageal 
cancer prior to surgical resection. When investi
gated in 44 patients with advanced esophageal can
cer, a 35% response rate was observed, compared 
with a 19% response rate in 44 patients given cis
platin alone. Median overall survival was 8 months. 
Gastrointestinal and hematological toxicities were 
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TABLE 4 Combination chemotherapy regimens for treatment of metastatic esophageal cancer

Drugs Dosage
Response  

Rate
Median Overall  

Survival Reference

Epirubicin +  
Cisplatin +  
Infusional 5FU

Epirubicin 50mg/m2 IV every 21 days
Cisplatin 60 mg/m2 IV every 21 days
5FU 200 mg/m2/day via continuous  
IV infusion for 21 days

41%–71% 8.9 mos 187, 188, 
189

Epirubicin +  
Oxaliplatin +  
Capecitabine

Epirubicin 50 mg/m2 IV day 1
Oxaliplatin 130 mg/m2 IV day 1
Capecitabine 625 mg/m2 po twice daily days 1 to 14
Repeated every 21 days

48% 11.2 mos 189

Epirubicin +  
Cisplatin +  
Capecitabine

Epirubicin 50mg/m2 IV day 1
Cisplatin 60 mg/m2 IV day 1
Capecitabine 625 mg/m2 po twice daily days 1 to 14
Repeated every 21 days

46% 9.9 mos 189

Epirubicin +  
Oxaliplatin +  
Infusional 5FU

Epirubicin 50 mg/m2 IV day 1 every 21 days
Oxaliplatin 130 mg/m2 IV day 1 every 21 days
5FU 200 mg/m2/day via continuous  
IV infusion for 21 days

42% 9.3 mos 189

Cisplatin +  
Infusional 5FU

Cisplatin 100 mg/m2 IV day 1
5FU 1000 mg/m2/day via continuous  
IV infusion days 1–5
Repeated every 3 weeks

35% 8 mos 178

Docetaxel+  
Cisplatin +  
Infusional 5FU

Docetaxel 75 mg/m2 IV day 1
Cisplatin 75 mg/m2 IV day 1
5FU 750 mg/m2/day via continuous  
IV infusion days 1–5 Repeated every 21 days

37% 9.2 mos 201

Docetaxel +  
Capecitabine

Docetaxel 75 mg/m2 IV day 1
Capecitabine 825 mg/m2 po twice daily days 1–14
Repeated every 21 days
Docetaxel 75 mg/m2 IV day 1
Capecitabine 1000 mg/m2 po twice daily days 1–14
Repeated every 21 days
Docetaxel 36 mg/m2 IV days 1 and 8
Capecitabine 1000 mg/m2 po twice daily days 1–14
Repeated every 21 days

39%–46% 8–12 mos 204–206

Irinotecan +  
Cisplatin

Irinotecan 65 mg/m2 IV with Cisplatin 30 mg/m2  
IV days 1 and 8 every 21 days
Irinotecan 65 mg/m2 with Cisplatin 30 mg/m2  
IV weekly for 4 weeks followed by 2 weeks rest
Irinotecan 70 mg/m2 IV days 1 and 15  
Cisplatin 80 mg/m2 IV day 1
Repeated every 28 days

30%–58% 9–14 mos 211–213

Irinotecan +  
Infusional 5FU

Irinotecan 80 mg/m2 IV day 1
Folinic acid 500 mg/m2 IV day 1
5FU 2000 mg/m2 via 22hour continuous  
IV infusion
Weekly for 6 out of 7 weeks

31.8 9 mos 216

Irinotecan +  
Capecitabine 

Irinotecan 130 mg/m2 IV days 1 and 15
Capecitabine 3500 mg/m2 po BID days 1–6 and 16–22
Repeated every 28 days

43.6% 
 

11 mos 
 

217 
 

Continued
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most common, although meningeal hemorrhage (n = 
1) and limb ischemia (n = 1) were observed (178).

Substitutions with fluoropyrimidines other 
than 5fluorouracil in combination with cisplatin 
have been examined. A phase II trial investigated 
the oral fluoropyrimidine derivative UFT, 300 mg/m2 
given daily with leucovorin 75 mg intravenously 
for 21 consecutive days, combined with cisplatin 
60 mg/m2 and epirubicin 50 mg/m2 intravenously 

each on day 1 of a 28day cycle. A response rate 
of 46% and median survival of 46 months were 
observed, with bone marrow suppression being the 
most frequent toxicity (190). S1, an oral agent con
taining ftroafur, chlorohydroxy dihydropyridine, 
and oxonic acid, has been investigated with cisplatin 
in Western and Asian populations. One study inves
tigated S1 40–60 mg twice daily (dose based on 
body surface area) for 21 days, given with cisplatin 

TABLE 4 Combination chemotherapy regimens for treatment of metastatic esophageal cancer (Continued)

Drugs Dosage
Response  

Rate
Median Overall  

Survival Reference

Paclitaxel +  
Cisplatin

Paclitaxel 180 mg/m2 IV day 1
Cisplatin 60 mg/m2 IV day 1
Repeated every 2 weeks
Paclitaxel 175 mg/m2 IV
Cisplatin 75 mg/m2 IV day 1
Repeated every 3 weeks

43%–49% 9–13 mos 193, 194

Paclitaxel +  
Carboplatin

Paclitaxel 200 mg/m2 IV day 1
Carboplatin AUC 5 mg/h/ml IV day 1
Repeated every 21 days

43% 9 mos 197

Cisplatin +  
Paclitaxel +  
Etoposide

Paclitaxel 50 mg/m2 IV twice weekly for 3 weeks
Cisplatin 15 mg/m2 IV twice weekly for 3 weeks
Etoposide 40 mg/m2 IV twice weekly for 3 weeks
Repeated every 28 days

70%–100% 12–13 mos 198, 199

Oxaliplatin +  
Infusional 5FU

Oxaliplatin 100 mg/m2 IV day 1
Folinic acid 400 mg/m2 IV day 1
5FU 400 mg/m2 IV bolus
5FU 3000 mg/m2 via 46hour continuous  
IV infusion
Repeated every 14 days
Oxaliplatin 50 mg/m2 IV day 1, 8, 15, 22
Folinic acid 500 mg/m2 IV day 1, 8, 15, 22
5FU 2000 mg/m2 via 24hour continuous  
IV infusion day 1, 8, 15, 22
Repeated every 5 weeks
Oxaliplatin 85 mg/m2 IV day 1
5FU 2.6 g/m2 via 24hour continuous IV infusion
Folinic acid 500 mg/m2 IV day 1
Repeated every 2 weeks

43%–54% 8–11 mos 207, 299, 
300

Oxaliplatin +  
Capecitabine 
 
 
 

Oxaliplatin 130 mg/m2 IV day 1
Capecitabine 1000 mg/m2 po twice daily days 1–14
Repeated every 21 days
Oxaliplatin 130 mg/m2 IV day 1
Capecitabine 850 mg/m2 po twice daily days 1–14
Repeated every 21 days

35%–65% 
 
 
 
 

6–8 mos 
 
 
 
 

208–210 
 
 
 
 

5FU, 5fluorouracil; IV, intravenous; mg, milligrams; m2, meter squared; mos, months; po, by mouth.
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60 mg/m2 intravenously on day 8, followed by 2 
weeks rest, and repeated every 5 weeks. A response 
rate of 54% and median survival of 13 months were 
found, with myelosuppression and anorexia com
monly seen toxicities (191). In Western populations, 
doses of S1 must be modified due to genetic differ
ences in the CYP2A6 gene, whose protein product 
metabolizes S1. Thus, a study of S1 with cisplatin 
in the United States gave S1 25 mg/m2 twice daily 
for 21 days with cisplatin 75 mg/m2 intravenously 
on day 1, repeated every 28 days, with a 51% overall 
response rate and median survival of 10.9 months. 
Fatigue, neutropenia, and gastrointestinal toxicities 
were most common (192). Neither UFT nor S1 are 
available at present in the United States.

Taxane-Based Therapy
Paclitaxelbased regimens have been studied in sev
eral trials, with efficacy similar to the previously 
discussed fluoropyrimidine combination therapies. 
Paclitaxel with cisplatin, investigated in at least four 
trials with varying dosing schemes (Table 4), has 
shown response rates ranging from 25% to 49%, 
and median overall survivals between 7 and 17 
months. Hematologic toxicity, fatigue, and neurop
athy are common side effects observed in up to 45% 
of patients (193–195). A small study of 15 patients 
given paclitaxel 70–80 mg/m2 IV day 1, cisplatin 35 
mg/m2 IV day 2, and infusional 5FU 2,000 mg/
m2 with leucovorin 300 mg/m2 IV over 24 hours 
day 2, given weekly for 2 or 3 weeks, followed by 1 
week rest, yielded a 33% response rate and median 
overall survival of 12.5 months. Myelosuppression 
developed in 27% of patients, with no peripheral 
neuropathy (196). Paclitaxel also has been given with 
carboplatin, with a response rate in the 40% range, 
and neutropenia occurring in 52% of patients (197). 
A paclitaxel/cisplatin/ etoposide combination showed 
dramatic response rates of 70% to 100%, although 
the studies evaluated small numbers of patients (32 
and 22 patients, respectively). Despite the dramatic 
responses, median overall survival times were similar 
to the multiple previously discussed regimens (12–13 
months). Furthermore, the dramatic responses were 
at the price of substantial hematologic toxicity (grade 
3 anemia and neutropenia in 100% of patients in one 
study, including one death from  neutropenic fever) 
(198,199).

Docetaxel, an agent with known activity in 
esophageal cancer (200), has been studied in multiple 

combinations with other drugs. The landmark 
TAX325 trial compared the DCF regimen of 
docetaxel 75 mg/m2 IV day 1, cisplatin 75 mg/m2 
IV day 1, with infusional 5fluorouracil 750 mg/m2/
day days 1 through 5, repeated every 3 weeks, to 
CF (cisplatin 100 mg/m2 IV day 1 with infusional 
5fluorouracil 1,000 mg/m2/day days 1 through 5, 
repeated every 4 weeks), in patients with advanced 
gastric and gastroesophageal junction adenocar
cinoma. DCF was significantly superior to CF for 
overall response rates (37 vs. 25%, P = .01), 2year 
survival (18% vs. 9%, P = .02), and time to pro
gression (5.6 vs. 3.7 months, P < .001). However, 
toxicity with DCF was greater compared to CF, 
with 82% of DCF patients experiencing grade 3 or 
4 neutropenia, 29% of DCF patients  developing 
complicated neutropenia, and 20% of DCF patients 
afflicted with grade 3 or 4 diarrhea, compared to 
57%, 12% and 8% of CF treated patients, respect
ively (201). It may be possible to eliminate cisplatin 
from the DCF regimen, since a trial of docetaxel 
with infusional  5fluorouracil (docetaxel 75 mg/m2 
IV day 1 plus infusional 5fluorouracil 200 mg/m2 
day 1 through 21, repeated every 3 weeks) showed 
a 33% response rate, a median overall survival of 
9.5 months, and median time to progression of 5.5 
months (202). However, a randomized trial of DCF 
versus docetaxel/infusional 5fluorouracil should be 
conducted before making this statement a firm con
clusion. In addition, it is unknown whether DCF 
is clearly superior to ECF. Although a randomized 
phase 2 trial comparing the two regimens showed 
improved response rates with DCF versus ECF (37% 
compared with 26%) and median overall survival 
(10.4 vs. 8.3 months), the trial was underpowered 
to detect superiority of one regimen over the other 
(203). Finally, docetaxel and capecitabine have been 
combined in several studies (204–206), with prom
ising response rates and median overall survivals as 
outlined in Table 4.

Oxaliplatin-Based Therapy
Oxaliplatin, in addition to use in combination with 
epirubicin and infusional 5FU (EOF), and epiru
bicin with capecitabine (EOX), has been prescribed 
with infusional 5FU and folinic acid (FUFOX), and 
capecitabine (CapeOX). The FUFOX regimen was 
investigated in 48 patients with advanced gastric and 
gastroesophageal junction adenocarcinoma, with a 
54% response rate and 11.4 month median survival. 
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Grade 1 or 2 neuropathy occurred in 67% of patients, 
but no grade 3 neuropathy was seen. Diarrhea and 
deep vein thrombosis occurred in 17% and 15% of 
patients, respectively, with a low rate of neutropenia 
(8%) (207). CapeOX, evaluated in at least three stud
ies (208–210), showed response rates of 35% to 65%, 
and median overall survival of 6 to 8 months. Four 
therapyrelated deaths in one study (209) necessitated 
lowering the capecitabine dose to 825 mg/m2 twice 
daily. Otherwise, the CapeOX regimen appeared to 
be well tolerated, with gastrointestinal toxicity and 
neuropathy being the most common side effects in 
fewer than 25% of patients.

Irinotecan-Based Therapy
Irinotecan, an inhibitor of the enzyme topoisomerase 
I used in DNA replication, has been used together 
with cisplatin and/or docetaxel for metastatic esoph
ageal and gastric cancer. Irinotecan plus cisplatin, 
evaluated in at least three phase 2 studies (211–213), 
has produced response rates and median over
all survivals similar to many other cisplatinbased 
regimens (Table 4). Toxicities have included grade 
4 neutropenia in up to 57% of patients and grade 3 
or 4 diarrhea in up to 20% of patients. Irinotecan 
130 mg/m2 IV day 1 and docetaxel 50 mg/m2 IV 
day 1, repeated every 3 weeks, did not appear par
ticularly useful in a phase 2 trial of 46 patients, with 
only a 26% response rate, 7.3 month median overall 
survival, and substantial amount of grade 4 neutro
penia (observed in 8 of the first 13 subjects enrolled, 
necessitating a dose reduction of docetaxel to 40 mg/
m2 and irinotecan to 100 mg/m2) (214). Docetaxel, 
cisplatin, and irinotecan (TPC) were combined in 
a phase 2 study of 56 patients. Irinotecan was ini
tially given at 65 mg/m2 IV on days 1 and 8, but 
severe diarrhea in 18 patients resulted in the irino
tecan dose being lowered to 50 mg/m2 on days 1 
and 8, with cisplatin 25 mg/m2 IV on days 1 and 
8, and docetaxel 30 mg/m2 IV on days 1 and 8, 
repeated every 3 weeks. A 54% overall response rate 
and median overall survival of 11.9 months were 
observed. Grade 3 diarrhea, neutropenia, and nausea 
occurred in 26%, 21%, and 18% of patients, respec
tively, including a 13% rate of venothromboembolic 
disease (215).

Irinotecan with infusional 5fluorouracil (IF) 
was tested against cisplatin/infusional 5fluorouracil 
(CF) in a phase 3 study of patients with advanced 
adenocarcinoma of the gastroesophageal junction 

and stomach. A 31.8% response rate and 9 month 
median overall survival was reported with IF, which 
was not statistically superior to CF. Neutropenia 
was significantly more common with CF (51.6% vs. 
24.8% with IF, P < .001); gastrointestinal toxicity 
was more likely with IF (21.6% vs. 7.2% with CF) 
(216). Although not specifically studied in patients 
with metastatic esophageal cancer, irinotecan plus 
capecitabine has produced responses in patients 
with metastatic gastric cancer (217). Thus, substi
tuting capecitabine for infusional 5fluorouracil 
with irinotecan for treatment of metastatic esopha
geal cancer may be reasonable. This combination is 
listed as a treatment consideration in the metastatic 
setting by the National Comprehensive Cancer 
Network (186).

Finally, irinotecan, docetaxel, and oxaliplatin 
were given to 40 patients with metastatic gastric or 
gastroesophageal junction adenocarcinoma in a phase 
2 study. Patients received irinotecan 150 mg/m2 IV on 
day 1, docetaxel 60 mg/m2 IV on day 1, and oxalipla
tin 85 mg/m2 IV on day 2, repeated every 3 weeks. 
An overall response rate of 50% was observed, 
median overall survival was 11.5 months, and grade 
3 or 4 neutropenia occurred in approximately 48% 
of patients. Gastrointestinal toxicity was reported in 
5% to 10% of patients (218).

Targeted Therapy
Cetuximab
Cetuximab, a monoclonal antibody against the 
epidermal growth factor receptor, has been inves
tigated in metastatic esophageal cancer, both in 
firstline and secondline settings. When weekly 
cetuximab (400 mg/m2 IV initial dose, followed 
by weekly doses of 250 mg/m2 IV) was given with 
cisplatin (100 mg/m2 IV day 1) and 5fluorouracil 
(1,000 mg/m2 IV days 1–5) every 29 days, a 19% 
response rate and a 75% diseasecontrol rate was 
observed, with a median overall survival of 9.5 
months. These effects were superior to cisplatin 
and 5fluorouracil alone (13% response rate, 57% 
disease control rate, and median overall survival of 
5.5 months). Kras mutation analysis was performed, 
but not detected in any of the 37 tested samples. 
Grade 3 or 4 rash and diarrhea were more common 
with the addition of cetuximab, occurring in 6% 
and 16% of patients, respectively, compared with 
0% of patients treated with cisplatin/5fluorouracil 
alone (219).
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FOLCETUX, consisting of cetuximab (400 mg/
m2 IV initial dose, followed by weekly doses of 250 
mg/m2 IV), irinotecan (180 mg/m2 IV day 1), leu
covorin (200 mg/m2 IV day 1 ), 5fluorouracil bolus 
(400 mg/m2 IV day 1), and infusional 5fluorouracil 
(600 mg/m2 continuous IV infusion over 22 hours), 
repeated every 2 weeks, resulted in a 44.1% overall 
response rate, median overall survival of 16 months, 
and grade 3 or 4 neutropenia in 42.1% of 38 patients 
with advanced gastric and gastroesophageal junction 
adenocarcinoma. Rash and diarrhea were also com
mon toxicities (220).

DOCETUX, a regimen of cetuximab (400 
mg/m2 IV initial dose, followed by weekly doses 
of 250 mg/m2 IV), cisplatin (75 mg/m2 IV day 1), 
and docetaxel 75 mg/m2 IV day 1), repeated every 
3 weeks, showed a response rate of 41%, with no 
survival data reported. Neutropenia and rash were 
frequent side effects (45.8% and 31.3%, respect
ively) (221).

Cetuximab plus FUFOX (cetuximab 400 mg/
m2 IV initial dose, followed by weekly doses of 250 
mg/m2 IV, oxaliplatin 50 mg/m2 IV days 1, 8, 15, 
and 22, 5fluorouracil 2,000 mg/m2 IV days 1, 8, 15, 
and 22, and folinic acid 200 mg/m2 IV days 1, 8, 
15, and 22, repeated every 36 days) gave a response 
rate of 65.2% and median overall survival of 9.5 
months. Diarrhea (33%) and rash (24%) were the 
most frequent toxicities (222).

Finally, cetuximab produced a 6month overall 
survival rate of 36% in a study of 55 patients with 
metastatic esophageal cancer who had failed one prior 
course of treatment. Grade 3 rash, grade 4 fatigue, 
and one treatmentrelated death (pneumonitis) were 
reported (223).

Tyrosine Kinase Inhibitors
Erlotinib, a reversible inhibitor of the adenosine 
triphosphate (ATP) binding site of the epidermal 
growth factor receptor (EGFR), has been tested as 
an initial treatment of unresectable or metastatic 
gastroesophageal junction adenocarcinoma. A dis
appointing 9% overall response rate was seen in 
the 43 patients studied, including only 5 patients 
with stable disease. Median overall survival was 
just 6.7 months. Skin rash, fatigue, and elevated 
liver biochemistries were the most frequent adverse 
effects (224).

Gefitinib, also an inhibitor of the ATP bind
ing site of the EGFR, likewise has been investigated 

in the metastatic esophageal cancer setting. When 
given to 36 patients with advanced esophageal can
cer who experienced progression or relapse of dis
ease after chemotherapy, one patient had a partial 
response, 10 patients (27.8%) had stable disease for 
at lease 8 weeks, with the remainder having pro
gressive disease or not assessable (47.2% and 22.2%, 
respectively). Median overall survival was just 164 
days. Women and patients with squamous cell hist
ology appeared to have higher rates of response or 
stable disease (P = .038). Patients with high levels of 
EGFR also experienced higher rates of response or 
stable disease (P = .002). Kras mutations were found 
in two patients, both with progressive disease. 
EGFR mutation analysis was performed, but not 
detected in any of the patients. Diarrhea (58.3%) 
and rash (47.2%) were the most common toxicities 
(225). Another study of 27 patients with advanced 
esophageal cancer given gefitinib found a 37% dis
ease control rate (stable disease plus partial respond
ers), and a median overall survival of 4.5 months. 
Diarrhea and rash were common grade 3 adverse 
effects (226). Since 2004, gefitinib has been avail
able in the United States only for those patients pre
viously taking the medication with a documented 
response.

Vascular Endothelial Growth Factor (VEGF) 
Inhibitors
VEGF receptor is a tyrosine kinase, which, when 
bound to VEGF, stimulates endothelial cell growth 
and development of blood vessels. High levels of 
VEGF expression has been linked to inferior disease
free and overallsurvival in gastric cancer (227). Two 
agents targeting VEGF have been investigated— 
bevacizumab (a monoclonal antibody against VEGF) 
and sunitinib (a small molecule inhibitor of the VEGF 
receptor, among other tyrosine kinases). When beva
cizumab (15 mg/kg IV day 1) was combined with iri
notecan (65 mg/m2 IV day 1) and cisplatin (30 mg/
m2 IV day 1 and 8), repeated every 21 days, a 65% 
response rate was seen in the 34 patients with evalu
able disease (all having either metastatic gastric or 
gastroesophageal junction adenocarcinoma). Median 
overall survival was 12.3 months. Hypertension and 
thromboembolism were adverse effects related to 
bevacizumab, as well as gastrointestinal perforation 
in 2 patients and myocardial infarction in 1 patient 
(228). Sunitinib was given to 38 patients with previ
ously treated, advanced gastric cancer, in a phase 2 
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study. Stable disease was seen in 8 patients, with 1 
partial response, after a median of 2 sunitinib cycles. 
Myelosuppression occurred in up to 29% of patients, 
with grade 3 or 4 toxicities including plantarpalmar 
erythema, fatigue, anorexia, and mucositis in fewer 
than 10% of patients (229).

Second-Line Therapy
Although treatment options exist for patients with 
metastatic esophageal cancer failing firstline com
bination chemotherapy with or without targeted 
agents, response rates are generally inferior to first
line chemotherapy. In addition, median survival is 
poor, in the range of 5 to 6 months (230–238). Two 
trials have reported a palliative benefit to patients’ 
symptoms, including relief of dysphagia, reflux, nau
sea, and, interestingly, weight loss, in up to 75% of 
patients (232,233). Toxicities appear to be similar to 
the firstline regimens using the same drugs.

No trials have compared different combinations 
headtohead in the secondline setting. Thus, treat
ing this patient population in an evidencebased fash
ion is difficult, and trials of new drugs and regimens 
are greatly needed. Table 5 lists several regimens that 
have been investigated in patients with metastatic 
esophageal cancer, including patients refractory to 
cisplatin.

Systemic Therapy With Radiation For  
Inoperable Esophageal Cancer
Systemic therapy, in conjunction with radiation 
(chemoradiotherapy), is used frequently in patients 
with esophageal cancer who are not candidates 
for surgery. Such patients may be ineligible for 
surgery due to locally advanced, unresectable dis
ease, or because of medical comorbidities that ren
der surgery a high risk. This strategy is frequently 
used; one study identified that 56% of all esopha
geal cancer patients (with both squamous cell and 
adenocarcinoma histologies) received combined 
modality chemoradiotherapy as definitive treatment 
at 59 institutions between 1996 and 1999 (239). 
Chemoradiotherapy may result in longterm dis
ease control for some patients, but at a minimum, 
it appears to palliate the symptoms of esophageal 
cancer, such as dysphagia.

Earlier studies comparing chemoradiotherapy 
to radiation alone for inoperable esophageal cancer 
investigated treatment schemes that are recognized 

now to be suboptimal. A trial of radiation alone 
(5,000 cGy) versus radiation (5,000 cGy) plus 
5fluorouracil 1,000 mg/m2/day as a 72hour con
tinuous IV infusion, mitomycin C 10 mg/m2 IV day 
1 and bleomycin 15 units IM weekly for 5 weeks (thus 
giving only 1 cycle of chemotherapy), failed to show a 
difference in local response or survival (240). Other 
trials demonstrating improved responses and sur
vival with chemoradiotherapy versus radiation alone 
gave relatively low chemotherapy and/or radiation 
doses, including trials with split courses of radiation 
(241–245). Some studies gave sequential chemother
apy followed by radiation (246–250). Despite the less 
effective regimens used in these older trials, a pooled 
analysis of seven randomized trials established a sur
vival benefit at 1 year for chemoradiotherapy versus 
radiation alone (1year mortality odds ratio 0.61, 
95% CI, 0.44–0.94, P < .00001), and improved 
local control (odds ratio 0.52, 95% CI, 0.31–0.89, 
P = .004) (251).

Radiation Therapy Oncology Group (RTOG) 
trial 85–01 randomized patients with locally 
advanced esophageal cancer to receive cisplatin 
(75 mg/m2 IV day 1 and day 29) and 5fluorou
racil (1,000 mg/m2/day via 96hour continuous 
IV infusion days 1–4 and days 29–33) with radi
ation (50.4 Gy in 2 Gy per day fractions), followed 
by two cycles of the same drugs every 3 weeks 
after radiation, versus radiation alone (64 Gy). 
Chemoradiotherapy improved both median sur
vival (14 vs. 9 months) and 5year survival (27% 
vs. 0%) compared with radiation alone (P < .0001). 
There were no differences in 5year survival based 
on histology. Chemoradiotherapy resulted in more 
mucositis, esophagitis, and hematological tox
icity, and more grade 3 and 4 toxicities overall 
(252,253). Because the protocol did not specify 
that patients must have unresectable tumors, it is 
possible that study patients had better prognoses 
as a group, thus limiting the applicability of the 
study’s findings to the average patient with locally 
advanced, unresectable esophageal cancer. Despite 
these limitations, cisplatin plus  5fluorouracil 
with radiation has become the standard of care for 
locally advanced, unresectable esophageal cancer, 
as recommended by the National Comprehensive 
Cancer Network and National Cancer Institute 
(186,254).

Other approaches to chemoradiotherapy as a 
definitive treatment for unresectable disease have 
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TABLE 5 Combination chemotherapy regimens for second-line treatment of metastatic esophageal cancer

Drugs

Number of 
Previous 
Regimens Dosage

Response  
Rate

Stable  
Disease  

Rate

Median  
Overall  
Survival  
(Months) Reference

Capecitabine +  
Docetaxel

1 Capecitabine 1000 mg/m2 po  
BID days 1–14
Docetaxel 75 mg/m2 IV day 1
Repeated every 3 weeks

25% 17% 6.2 230

Oxaliplatin +  
Infusional  
5FU +  
Leucovorin

1 or more Oxaliplatin 85 mg/m2 IV day 1
Leucovorin 200 mg/m2/day via  
22hour continuous IV infusion
5FU 400 mg/m2 IV bolus day 1
5FU 600 mg/m2 via 22hour  
continuous IV infusion
Repeated every 2 weeks

19% 31% 5.8 231

Irinotecan +  
Infusional  
5FU +  
Leucovorin

1 or more Irinotecan 180 mg/m2 IV day 1
5FU 400 mg/m2 IV bolus day 1
Leucovorin 125 mg/m2 IV day 1
5FU 1200 mg/m2 via 48hour  
continuous IV infusion
Repeated every 2 weeks

29% 34% 6.4 232

Irinotecan + 
Capecitabine

2 or fewer Irinotecan 250 mg/m2 IV day 1
Capecitabine 2000 mg/m2/day  
po Days 1–14
Repeated every 3 weeks

17% 24% 6.5 233

Irinotecan 1 (Cisplatin 
refractory)

Irinotecan 100 mg/m2 IV  
days 1, 8, 15a

Repeated every 28 days

15% 23% 5 234

Irinotecan +  
Docetaxel

2 or fewer  
(Cisplatin 
pretreated  
or  
refractory)

Irinotecan 55 mg/m2 IV  
day 1, 8, 15
Docetaxel 65 mg/m2 IV  
day 1, 8, 15
Repeated every 28 days

12.5% 33.3% 6.5 235

Docetaxel +  
Nedaplatin

1 or more  
(Cisplatin 
refractory)

Docetaxel 30 mg/m2 IV day 1
Nedaplatin 50 mg/m2 IV day 1
Repeated every 2 weeks

27.1% NR 5.9 236

Docetaxel +  
5FU +  
Cisplatin

1 or more  
(Cisplatin 
refractory)

Docetaxel 60 mg/m2 IV day 1
5FU 500 mg/day IV days 1–5
Cisplatin 10 mg/day days 1–5
Repeated every 3 weeks

30% 30% 8 237

Mitomycin C + 
Ifosfamide +  
Cisplatin 

1 
 
 

Mitomycin 6 mg/m2 IV day 1
Ifosfamide 3 g/m2 IV day 1
Cisplatin 50 mg/m2 IV day 1
Repeated every 3 weeks

12.5% 
 
 

37.5% 
 
 

5.2  
 
 

238 
 
 

5FU, 5fluorouracil; IV, intravenous; mg, milligrams; m2, meter squared; po, by mouth.
aDose escalated to 140 mg/m2 in 20 mg/m2 increments with each cycle for patients with grade 3 or less toxicities.
b59.4% of study patients were treated in secondline setting; other study patients received regimen as firstline therapy.
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been examined. When FOLFOX4 (oxaliplatin 85 
mg/m2 IV day 1, leucovorin 200 mg/m2 IV day 1, 
5fluorouracil 400 mg/m2 IV bolus day 1, followed 
by 5fluorouracil 600 mg/m2 via 22hour continuous 
IV infusion days 1–2), was given for three cycles with 
radiation (5,000 cGy) and three cycles after radiation, 
an endoscopic complete response rate of 44.7% was 
seen, with a median overall survival of 22.7 months. 
This compared favorably to patients randomized 
to cisplatin 75 mg/m2 IV day 1 with 5fluorouracil 
1,000 mg/m2/day via 96 hour continuous IV infusion 
for 2 cycles with radiation (5,000 cGy) and two cycles 
after radiation (endoscopic complete response rate of 
30% and median overall survival of 14.7 months). 
Neutropenia and neuropathy were more frequent 
in the FOLFOX4treated patients (255). In patients 
with locally advanced esophageal cancer who were 
given radiation (6,000 cGy) with paclitaxel 175 mg/
m2 IV (day 1 and once on week 5 of radiation) and 
cisplatin 75 mg/m2 IV (day 1 and once on week 5 
of radiation), a complete clinical response of 27% 
was observed, with a 45% partial response rate, and 
a 30% stable disease rate. Threeyear overall survival 
was 23.2%. However, the majority of patients in this 
study ultimately underwent surgical resection fol
lowed by additional chemotherapy; only 10 patients 
in the study were deemed inoperable from the out
set. Unfortunately, data on these 10 patients were not 
presented separately from the other patients in the 
report (256). Thus, these results probably do not apply 
specifically to patients with unresectable esophageal 
cancer.

Although investigators have studied induc
tion chemotherapy (i.e., chemotherapy given prior 
to chemoradiotherapy) extensively, few trials of this 
approach have been conducted specifically for patients 
with inoperable esophageal cancer. Furthermore, 
these trials did not compare induction chemother
apy to chemoradiotherapy alone, making it unclear 
which of these approaches might be superior.

In one study of induction chemotherapy, 
5fluorouracil 500 mg/m2 IV bolus days 1–3, leucov
orin 300 mg/m2 IV days 1–3, etoposide 100 mg/m2 
IV days 1–3 and cisplatin 50 mg/m2 IV days 1–3 for 
3 cycles, followed by cisplatin 50 mg/m2 IV days 2–8 
and etoposide 80 mg/m2 IV days 3–5 with radiation 
(4,000 cGy), was given to 86 patients with T3–4, 
N0–1, M0 disease, followed by observation. This 
treatment was compared with 86 patients receiv
ing the same induction chemotherapy, followed by 
chemoradiotherapy with 50 or 60 Gy of radiation 

(depending on tumor size and location) and the 
same chemotherapy concomitantly, followed by sur
gery. At 2 years, there was no significant difference 
in overall survival between the two groups, with a 
median overall survival of 35.4% in those not pro
ceeding to surgery. Freedom from progression at 2 
years was 40.7% in the group not undergoing sur
gery (257).

A second study of induction chemotherapy 
investigated 5fluorouracil 700 mg/m2/day via con
tinuous IV infusion days 1 through 5, cisplatin 15 
mg/m2 days 1 through 5, paclitaxel 200 mg/m2 via 
24hour continuous IV infusion on day 1, repeated 
a second time after 29 days, followed by radiation 
(50.4 Gy) with 5fluorouracil 300 mg/m2 via 96hour 
continuous IV infusion weeks 1 through 5, and pacl
itaxel 50 mg/m2 IV once weekly for 5 weeks. This 
regimen was compared to a nonfluoropyrimidine
based therapy with paclitaxel 175 mg/m2 IV on day 
1 and cisplatin 75 mg/m2 IV on day 1, repeated once 
after 21 days, followed by radiation (50.4 Gy) with 
cisplatin 30 mg/m2 IV days 1, 8, 15, 22, 29, and 36, 
and paclitaxel 60 mg/m2 via 96hour continuous IV 
infusion days 1, 8, 15, 22, 29, and 36. As one might 
expect, toxicities were profound, with a total rate of 
grade 3 or 4 toxicities of greater than 80%. Grade 3 
or 4 myelosuppression occurred in 38% of patients 
in the fluoropyrimidinebased arm and 69% in the 
nonfluoropyrimidine treated arm. Median survival 
was 29 months in the fluoropyrimidinebased arm 
(56% alive at 2 years) versus 15 months in the non
fluoropyrimidine treated arm (37% alive at 2 years). 
The authors concluded that due to the excessive tox
icity and lack of improvement in survival compared 
with historic controls, the regimens should not be 
investigated further (258).

Additional studies of novel chemotherapy regi
mens with radiation for treatment of unresectable 
esophageal cancer are needed. Until more data are 
available, the cisplatin plus 5fluorouracil with radi
ation approach as studied in the RTOG 85–01 trial 
appears to be the most effective and welltolerated 
regimen to use in this patient population.

S YS T EM I C T H E R A P Y F O R  ■

E S O P H AG E A L C A N C E R I N S U RG I C A L 
C A N D I DAT E S

Prior to a discussion of systemic therapy strate
gies for patients with esophageal cancer in whom 
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surgical resection is planned or completed, a word 
must be said about these treatments, as they apply 
to the different histologies of esophageal cancer. 
Although squamous cell carcinomas and adenocar
cinomas of the esophagus typically present in differ
ent anatomic locations, have different risk factors, 
and have different patterns of spread, thus probably 
representing different diseases, the vast majority of 
trials investigating systemic therapy for surgical can
didates have included patients with both histologies 
(259,260). This confounding element in the data 
limits applicability to the individual patient with 
either squamous cell carcinoma or adenocarcinoma 
of the esophagus.

Some have suggested that different treatment 
strategies be employed for each type of esophageal 
cancer, such as using neoadjuvant chemoradiother
apy for squamous cell carcinomas of the esophagus 
and induction chemotherapy (without radiation) for 
esophageal adenocarcinomas (260). However, until 
more contemporary trials of systemic therapy strate
gies in surgical candidates are conducted based on 
histology, most patients with either locally advanced, 
resectable squamous cell carcinoma or adenocarci
noma of the esophagus will probably continue to be 
treated identically. Indeed, current national guide
lines in the United States do not truly differentiate 
treatment strategies for locally advanced, resectable 
esophageal cancer based on histology, other than to 
suggest induction chemotherapy (rather than preop
erative chemoradiotherapy) may be considered for 
T1b, N1 or T2T4, N0–1, NX, or stage IVA, adeno
carcinoma of the distal esophagus/gastroesophageal 
junction (186).

Systemic Therapy with Radiation  
Followed by Surgery (Neoadjuvant 
Chemoradiotherapy)

In an effort to improve local control and decrease 
rates of distant failure, chemotherapy with radiation, 
prior to surgical resection, has been studied. It is the
orized that neoadjuvant chemoradiotherapy followed 
by surgical resection may improve local control by 
downstaging the disease, allowing a more complete 
resection with negative margins, with esophagec
tomy ensuring removal of residual microscopic local 
disease. The chemotherapy portion of treatment may 
help to control micrometastatic disease at distant 
sites (14).

Over 40 nonrandomized trials have investigated 
this approach. A complete review of the chemo
therapy and radiation regimens used in each of these 
studies is beyond the scope of this chapter, and since 
evidence for or against any particular treatment from 
nonrandomized trials is weak, these results will not 
be presented in detail. In general, 5fluorouracil 
and cisplatinbased chemotherapy has been given, 
with radiation doses ranging between 30 and 60 
Gy. Median overall survival has ranged from 8 to 
37 months, with 5year survival rates of up to 71% 
in those patients achieving a pathological complete 
response (259).

Stronger evidence for an advantage to the neo
adjuvant chemoradiotherapy approach comes from 
randomized trials and metaanalyses. Eight trials 
have compared preoperative chemoradiotherapy 
to surgery alone, as shown in Table 6. Only two of 
these trials have demonstrated a significant survival 
advantage with preoperative chemoradiotherapy 
over surgery alone (261,262). It should be noted that 
two of the seven trials (263,264) gave “sequential” 
chemoradiotherapy, meaning that chemotherapy was 
started up to 7 days before radiation, and in one trial 
(264) additional doses of chemotherapy were given 
after radiation was completed, with no significant 
differences in 3year survival found. A metaanalysis 
of randomized trials of neoadjuvant chemoradiother
apy and surgery versus surgery alone found a signifi
cant improvement in survival at 3 years (odds ratio 
0.47 for chemoradiotherapy followed by surgery vs. 
0.92 for surgery alone, P = .016). When the analysis 
was restricted to chemoradiotherapy trials alone, 
not including “sequential” chemoradiotherapy tri
als, a more significant improvement in 3year sur
vival was noted (odds ratio 0.45, P = .005) (265). A 
second metaanalysis found lower allcause mortality 
in patients receiving neoadjuvant chemoradiotherapy 
(hazard ratio 0.81, 95% CI 0.70–0.93, P = .002), 
with an absolute benefit in survival at 2 years of 13%. 
When the analysis was restricted to patients with 
squamous cell carcinoma, preoperative chemoradio
therapy did not appear to provide a survival advan
tage (hazard ratio 0.88, 95% CI 0.75–1.03, P = .12); 
but a survival advantage was shown for patients with 
adenocarcinoma of the esophagus (hazard ratio 0.78, 
95% CI 0.64–0.95, P = .014) (266).

Additional studies of neoadjuvant chemora
diotherapy employing more intense systemic agents 
have been conducted. Although the trials are non
randomized, they are worth mentioning for the 
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impressive results obtained, although with substan
tially increased toxicity. A multiinstitution phase 
2 study from the Minnie Pearl Cancer Research 
Network investigated preoperative chemoradiother
apy in 123 patients with locally advanced esopha
geal cancer. Patients received paclitaxel 200 mg/m2 
IV on days 1 and 22 with carboplatin AUC 6 IV on 
days 1 and 22 with 5fluorouracil 225 mg/m2/day via 
24hour continuous IV infusion on days 1–42 with 
radiation (45 Gy in 1.8 Gy/day fractions), followed by 
surgery. The pathologic complete response rate was 
38%, with a median overall survival of 22 months 
and a 3year survival rate of 41%. The chemoradio
therapy strategy proved toxic, with 57% of patients 
requiring hospitalization for an adverse event, 73% 
of patients developing grade 3 or 4 leukopenia, and 
43% of patients experiencing grade 3 or 4 esophagitis 
(267). Another phase 2 study investigated neoadju
vant chemoradiotherapy using paclitaxel 175 mg/m2 
IV on days 1 and 22 with carboplatin AUC 5 IV on 
days 1 and 22 with 5fluorouracil 200 mg/m2/day via 
continuous IV infusion on days 1 through 42 with 
radiation (45 Gy in 1.8 Gy/day fractions) followed 
by surgery. A 38% pathologic complete response rate 
and a 96% R0 resection rate was found, with a 48% 
estimated 5year survival, and an estimated 3year 
survival of 61% in “responders.” Grade 3 neutro
penia developed in 46% of patients, with all patients 
experiencing grade 2 or less esophagitis (268). A 
trial of FOLFOXtype chemotherapy with radiation 
(oxaliplatin 60 mg/m2 IV and leucovorin 20 mg/
m2 IV on days 1, 8, 15, 29, 36, 43, 50, and 57, with 
 5fluorouracil 200 mg/m2/day via continuous IV infu
sion on days 1–22 and 29–64, given with radiation 
(45 Gy in 1.8 Gy/day fractions) followed by surgery, 
showed a 1year overall survival of 63%, a pathologic 
complete response rate of 18% and R0 resections in 
79% of patients. As with other trials, esophagitis and 
hematologic toxicity were observed (269).

There is limited experience with additional 
chemotherapy given after neoadjuvant chemora
diotherapy and surgery. A single institution phase 2 
trial investigated adjuvant chemotherapy after neo
adjuvant chemoradiotherapy and surgery. Patients 
were hospitalized to receive cisplatin 20 mg/m2/day 
via continuous IV infusion on days 1 through 5 and 
26 through 30, and received 5fluorouracil 225 mg/
m2/day via ambulatory continuous IV infusion on 
days 1 through 30 with radiation (44 Gy in 2 Gy/
day fractions), followed by surgery, followed by adju
vant paclitaxel 135 mg/m2 IV on day 1 and cisplatin 

75 mg/m2 IV on day 2 repeated every 3 weeks for 3 
cycles in all patients achieving an R0 resection (83% 
of patients). A 28% complete pathologic response rate 
was reported, with a 2year survival of 91% in those 
achieving complete pathologic response, and 62% 
2year survival for the entire group. During neoad
juvant chemoradiotherapy, grade 3 or 4 neutropenia 
and grade 3 or 4 esophagitis were observed in 24% 
of patients each. During adjuvant chemotherapy, 
69% of patients developed grade 3 or 4 neutropenia 
(270). Another study investigated 5fluorouracil 200 
mg/m2/day via continuous IV infusion with cisplatin 
30 mg/m2 IV on days 3, 10, 17, and 24, with pacli
taxel 45 mg/m2 IV on days 3, 10, 17, and 24, given 
with radiation (45 Gy total dose), followed by sur
gery. Adjuvant chemotherapy consisted of two cycles 
of 5fluorouracil 750 mg/m2 IV bolus days 1 to 5, 
cisplatin 50 mg/m2 IV on days 1 and 2, and paclit
axel 135 mg/m2 IV on day 1. A pathologic complete 
response rate of 17% was observed with a 3year sur
vival of 50%. Only 40 of 60 patients completing sur
gery were able to complete both cycles of adjuvant 
chemotherapy (271).

Although each of the trials of neoadjuvant 
chemoradiotherapy has limitations, including small 
numbers of patients, inclusion of patients with both 
esophageal squamous cell carcinoma and adenocar
cinoma, and variable chemotherapy dosing and tim
ing, it appears that neoadjuvant chemoradiotherapy 
may have advantages compared to upfront surgi
cal resection or neoadjuvant radiation alone. These 
advantages include downstaging of disease to achieve 
a marginnegative resection specimen, probable 
improved survival for those patients achieving a com
plete pathologic response (259,272–275), and pos
sible improved local control (273). Most cancer care 
providers now use this approach for locally advanced, 
resectable esophageal cancer, especially those cancers 
involving the distal esophagus and gastroesophageal 
junction.

Induction Chemotherapy Followed  
by Chemoradiotherapy, Followed  
by Surgery

In an effort to improve the response rates and over
all survival observed with neoadjuvant therapy, some 
trials have intensified systemic therapies by giving 
induction chemotherapy followed by chemoradio
therapy, and/or giving additional chemotherapy 
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agents with radiation. A review of these trials is pre
sented here.

Induction Therapy With Irinotecan-Based 
Regimens
Irinotecan has been given as a part of induction 
chemotherapy followed by chemoradiotherapy and 
surgery for locally advanced esophageal cancer. In 
one trial of induction chemotherapy, patients with 
localized esophageal squamous cell carcinoma, or 
adenocarcinoma were given irinotecan 70 mg/m2 IV 
and cisplatin 30 mg/m2 IV on days 1, 7, 21, and 28, 
repeated beginning day 42, followed by radiation 
(45 Gy in 1.8 Gy per fraction) with 5fluorouracil 
300 mg/m2/day via 5day continuous IV infusion 
each week of radiation and paclitaxel 45 mg/m2 IV 
weekly during radiation, followed by surgery. An R0 
resection was achieved in 91% of patients, with a 28% 
pathologic complete response rate. A median survival 
of 22.1 months was observed. Myelosuppression, 
esophagitis, gastrointestinal toxicity, and fatigue 
were common grade 3 or 4 toxicities (276).

A phase 1 trial gave patients with locally advan
ced esophageal squamous cell carcinoma and adeno
carcinoma cisplatin 30 mg/m2 IV with irinotecan 
65 mg/m2 IV weekly on weeks 1, 2, 4, and 5, fol
lowed by chemoradiotherapy with cisplatin 30 mg/m2 
IV and irinotecan (given in a doseescalating fashion 
of 40, 50, 65, and 80 mg/m2) IV on days 1, 8, 22, and 
29 of radiation (50.4 Gy in 1.8 Gy per day fractions), 
followed by surgery. Irinotecan 65 mg/m2 IV with 
radiation was recommended for a phase 2 study, as 
doselimiting myelosuppression was seen in two of 
six patients given the 80 mg/m2 irinotecan dose with 
radiation. A 27% pathologic complete response rate 
was observed. Myelosuppression (32% of patients 
had grade 3 neutropenia during induction therapy), 
and grade 1 or 2 gastrointestinal toxicity were the 
most common adverse events (277).

Induction Therapy With Paclitaxel-Based 
Regimens
Paclitaxel has been given as a component of induc
tion therapy for localized esophageal cancer in 2 tri
als. The first of these investigated 5fluorouracil 750 
mg/m2/day via 5day continuous IV infusion days 1 
through 5, with cisplatin 15 mg/m2/day IV bolus days 
1 through 5 and paclitaxel 200 mg/m2 via 24hour 
continuous IV infusion on day 1, repeated after 29 
days, followed by radiation (45 Gy in 25 fractions) 

with 5fluorouracil (300 mg/m2/day via 5day con
tinuous IV infusion each week of radiation) and cis
platin 20 mg/m2 IV days 1–5 of radiation, followed 
by surgery. All patients (37) achieved an R0 resection, 
with a pathologic complete response rate of 30%. 
Median survival had not been reached at a median 
followup time of 20 months. Myelosuppression and 
gastrointestinal toxicity were common grade 3 or 4 
toxicities in up to 14% of patients during the induc
tion phase of treatment, with esophagitis (grade 1) in 
51% of patients during chemoradiotherapy (278).

Paclitaxel with induction therapy also was inves
tigated in a phase 2 trial, in which  5fluorouracil 750 
mg/m2/day via continuous IV infusion on days 1 to 
5, cisplatin 15 mg/m2/day IV on days 1 to 5, and 
paclitaxel 200 mg/m2 IV on day 1, repeated once 
after 28 days, was followed by radiation (45 Gy in 
1.8 Gy per day fractions) with cisplatin 15 mg/m2/
day IV on days 1 to 5 and 5fluorouracil 300 mg/m2/
day via 5day continuous IV infusion each week of 
radiation, followed by surgery. All patients achieved 
R0 resections. A pathologic complete response rate 
of 71% was reported, with a 51% diseasefree and 
39% overall survival at 5 years. Myelosuppression 
was seen in 30% of patients during induction 
 therapy (279).

Induction Therapy With Cisplatin and  
5-Fluorouracil Alone
To date, the only reported randomized trial of induc
tion chemotherapy followed by chemoradiotherapy 
followed by surgery, compared with surgery alone, 
has come from Sweden. Ninetyone patients with 
esophageal cancer (50% squamous cell carcinoma 
and 50% adenocarcinoma) were randomized to 
receive one cycle of cisplatin 100 mg/m2 IV on day 
1 and 5fluorouracil 750 mg/m2/day via continu
ous 5day IV infusion, followed by radiation (64 Gy 
in 32 fractions) concurrent with the same chemo
therapy agents and doses repeated every 3 weeks for 
two additional cycles during radiation, followed by 
surgery, or surgery alone. Median overall survival 
was 12.8 months for the chemoradiotherapytreated 
patients versus 15.8 months for patients receiving 
surgery alone, but 4year overall survival was 29% 
for the chemoradiotherapy group compared to 23% 
for the surgeryalone group, although this was not a 
 statistically significant difference (280).

A randomized trial of induction chemother
apy and chemoradiotherapy followed by surgery, 
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compared to induction chemotherapy followed 
by surgery, showed an advantage to the combined 
modality preoperative approach. All patients had 
adenocarcinoma of the distal esophagus or gas
tric cardia. Induction chemotherapy consisted of 
5fluorouracil 2,000 mg/m2 via 24hour continuous 
IV infusion weekly for 6 weeks, with leucovorin 500 
mg/m2 IV weekly for 6 weeks, with cisplatin 50 mg/
m2 IV every 2 weeks for 2.5 cycles. Patients rand
omized to chemoradiotherapy then received cisplatin 
50 mg/m2 IV days 1 and 8 with etoposide 80 mg/m2 
IV days 3 to 5, with radiation (30 Gy in 2 Gy/day 
fractions), followed by surgery. Patients randomized 
to induction chemotherapy only proceeded to sur
gery 3 to 4 weeks after completing induction treat
ment. The trial was closed early due to poor accrual 
(only 126 patients enrolled out of a planned total to 
enroll 354 patients). A complete pathologic response 
rate was higher in patients receiving induction 
chemotherapy plus neoadjuvant chemoradiotherapy 
compared to induction chemotherapy alone (15.6% 
vs. 2.0%, P = .03). Survival at 3 years was also bet
ter, although not significantly different, in the group 
treated with induction chemotherapy plus neoadju
vant chemoradiotherapy (47.4% vs. 27.7% in those 
given induction chemotherapy only, P = .07). All 8 
patients achieving a complete pathologic response 
(1 in the induction chemotherapy only arm vs. 7 in 
the arm receiving chemoradiotherapy) survived to 
the median follow up time of 4.1 years. Treatments 
appeared to be well tolerated, with less than 5% of 
patients experiencing a grade 3 or 4 toxicity dur
ing the induction phase, and only 12% of patients 
experiencing myelosuppression during chemoradio
therapy. These results suggested that preoperative 
chemoradiotherapy plus induction chemotherapy 
improves survival compared with induction chemo
therapy alone (281).

In summary, induction chemotherapy followed 
by chemoradiotherapy and surgery is an intriguing 
approach to the management of locally advanced, 
resectable esophageal cancer. Published trials of this 
approach to date show results comparable to, but 
unfortunately no better, than conventional neoadju
vant chemoradiotherapy followed by surgery. In the 
absence of trials comparing induction chemotherapy 
plus neoadjuvant chemoradiotherapy followed by 
surgery to neoadjuvant chemoradiotherapy followed 
by surgery, this strategy remains investigational, and 
probably should be employed only in the context of 
a clinical trial.

SYSTEMIC THERAPY FOLLOWED BY 
SURGERY (INDUCTION CHEMOTHERAPY)

As with neoadjuvant chemoradiotherapy, induction 
chemotherapy has been used in patients with locally 
advanced, resectable esophageal cancer in an effort 
to downstage disease prior to surgical resection, thus 
improving local control, and with a goal of increas
ing overall survival by treating micrometastatic dis
ease. Induction chemotherapy has been studied in 
this patient population since the 1970s in multiple 
nonrandomized trials. This section will discuss in 
detail only recent (i.e., published since 1990) ran
domized trials of induction chemotherapy followed 
by esophagectomy. The results of these trials have 
been incongruent, with some trials suggesting a 
benefit to induction chemotherapy, but other tri
als showing no benefit in outcomes with induction 
chemotherapy.

Randomized Trials Demonstrating a Benefit to 
Induction Chemotherapy
An early randomized trial of induction chemo
therapy randomized 39 patients with resectable 
squamous cell carcinoma of the esophagus to induc
tion chemotherapy with cisplatin (3 mg/kg or 120 
mg/m2 IV on day 1, whichever was less), vindesine 
(3 mg/m2 IV on days 1, 8, 15, and 22) and bleo
mycin (10 U/m2/day via continuous IV infusion on 
days 4–6), followed by surgery, followed by adjuvant 
cisplatin and vindesine, compared with immediate 
surgery. A response rate of 47% was seen following 
induction chemotherapy, and patients who demon
strated a response to chemotherapy had a median 
survival of 20 months compared with 8.6 months 
in patients undergoing surgery alone. Overall 
survival at 3 years was 25% in patients receiving 
chemotherapy compared with 5% in surgeryonly 
patients (282).

The United Kingdom Medical Research Council 
Adjuvant Gastric Infusional Chemotherapy (MAGIC) 
trial randomized patients with locally advanced 
adenocarcinoma of the distal esophagus and stomach 
to receive three pre and three postoperative cycles of 
epirubicin (50 mg/m2 IV on day 1), cisplatin (60 mg/
m2 IV on day 1), and 5fluorouracil (200 mg/m2/day 
via 21day continuous IV infusion for days 1–21), 
followed by surgery, or surgery alone. Fiveyear over
all survival was 36.3% in patients receiving chemo
therapy compared to 23% in surgeryalone treated 
patients, giving a significantly higher likelihood of 
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survival with chemotherapy (hazard ratio for death 
0.75, 95% CI 0.60–0.93, P = .009). No significant 
differences in postoperative mortality were observed, 
but grade 3 or 4 hematologic toxicity developed in up 
to 28% of chemotherapytreated patients (283).

A third randomized trial of induction chemo
therapy followed by surgery compared with surgery 
alone investigated a regimen of 5fluorouracil and 
cisplatin in patients with adenocarcinoma of the 
stomach and distal esophagus. Patients received cis
platin 100 mg/m2 IV on day 1 with 5fluorouracil 800 
mg/m2 via continuous IV infusion on days 1 through 
5, repeated every 28 days, for two to three cycles, 
followed by surgery, or surgery alone. Patients rand
omized to receive induction chemotherapy also were 
given postoperative chemotherapy if a response was 
found at the time of surgery, or if stable disease with 
node positivity was found. The R0 resection rate was 
significantly better in chemotherapytreated patients 
(84% vs. 73%, P = .04). A 5year overall survival 
rate of 38% was observed in chemotherapytreated 
patients versus 24% in surgeryalone treated patients 
(hazard ratio of death 0.69, P = .02) (284).

Another large trial from the United Kingdom 
randomized 802 patients with any histological type 
of esophageal cancer to receive either induction 
chemotherapy with cisplatin 80 mg/m2 IV on day 
1 and 5fluorouracil 1,000 mg/m2/day via 96hour 
continuous IV infusion, repeated every 3 weeks, for 2 
cycles, followed by surgery, or surgery alone. Treating 
clinicians were also allowed to give preoperative radi
ation to patients if deemed necessary (9% in each 
group received preoperative radiation). No differ
ences in postoperative complications were detected. 
Although 5year survival was just 3% in chemother
apytreated patients and 2% in patients treated with 
surgery alone, the hazard ratio for death was 0.79 
(95% CI 0.67–0.93, P = .004), favoring chemother
apy. More patients receiving chemotherapy achieved 
R0 resection (60% vs. 54% of surgeryalone treated 
patients, P < .0001). When the 74 patients receiving 
preoperative radiation were excluded from the ana
lysis, a significant survival benefit to chemotherapy 
was still seen (285).

Randomized Trials Demonstrating No Benefit to 
Induction Chemotherapy
No benefit to induction chemotherapy was shown in 
a randomized trial of induction cisplatin (20 mg/
m2 IV for days 1–5) and bleomycin (5 mg/m2 IV 

before cisplatin and 5 mg/m2 IV after cisplatin for 
days 1–5), repeated sometime between days 15 and 
19 and again between days 22 and 23, followed by 
surgery compared with surgery alone in 91 patients 
with squamous cell carcinoma of the esophagus. A 
3year overall survival of 3% with induction che
motherapy compared with 9% with surgery alone 
was found. This trial also randomized additional 
patients to neoadjuvant radiation followed by sur
gery and neoadjuvant chemoradiotherapy followed 
by surgery; when all groups were analyzed, preop
erative chemotherapy appeared to have no effect on 
survival (286).

A second negative trial of induction chemother
apy followed by surgery randomized patients with 
resectable, potentially curable squamous cell carci
noma of the esophagus to preoperative cisplatin (20 
mg/m2 IV for days 1–5) plus 5fluorouracil (1,000 
mg/m2/day via 24hour continuous IV infusion for 
5 days), repeated on days 22 and 34, followed by 
surgery, or surgery alone. No difference in median 
survival was seen between the 34 patients receiving 
induction chemotherapy versus the 41 patients who 
received surgery alone (10 months). A greater number 
of patients receiving chemotherapy developed postop
erative sepsis and respiratory compromise compared 
to patients undergoing surgery alone (41% vs. 26% 
developing sepsis, and 48% vs. 31% developing respi
ratory compromise). Chemotherapy treated patients 
also had a higher rate of surgeryrelated mortality 
(19% vs. 10% treated with surgery alone) (287).

A trial performed in Italy randomized 96 
patients to receive induction chemotherapy with cis
platin 100 mg/m2 IV day 1 and 5fluorouracil 1,000 
mg/m2/day via continuous IV infusion days 1–5, 
repeated every 21 days, for 2 to 3 cycles, followed by 
surgery versus immediate surgery. No significant dif
ferences in overall survival at 5 years could be found 
(34% for induction chemotherapytreated patients 
vs. 22% for surgeryalone treated patients, P = .55). 
For patients achieving a complete or partial response 
to chemotherapy and R0 resection (40% of induc
tion chemotherapytreated patients), 5year overall 
survival was significantly improved (60% vs. 26%, 
P = .01). Grade 3 or 4 toxicity developed in 21.3% 
of patients receiving preoperative chemotherapy, 
including hematologic and gastrointestinal adverse 
events. No significant differences were observed 
with postoperative morbidity or mortality rates 
(approximately 39% postoperative morbidity and 
4%  postoperative mortality in each arm) (288).
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The United States Intergroup Trial (INT 
0113) of induction chemotherapy followed by 
surgery compared with surgery alone showed no 
improvement in overall survival with the induction 
chemotherapy approach. Patients with both squa
mous cell carcinoma and adenocarcinoma of the 
esophagus were included. Induction chemotherapy 
consisted of cisplatin 100 mg/m2 IV on day 1 plus 
5fluorouracil 1,000 mg/m2/day via continuous IV 
infusion on days 1 through 5, repeated days 29 
and 58, followed by surgery 2 to 4 weeks later. A 
complete pathologic response was obtained in only 
2.5% of patients given preoperative chemotherapy. 
Although 62% of patients treated with chemother
apy achieved an R0 resection, compared with 59% 
of patients undergoing surgery alone, overall sur
vival at 3 years was not significantly different. Of 
the patients treated with induction chemotherapy, 
26% were alive at 3 years versus 23% in surgery
alone treated patients. No significant differences in 
postoperative mortality were observed (6% in each 
group) (289).

A metaanalysis of eight randomized trials of 
induction chemotherapy followed by surgery (all 
conducted in an earlier era, mostly in the 1980s and 
early 1990s), found a small, borderline significant 
survival advantage to the induction chemotherapy 
approach. A 2year absolute survival benefit of 7% 
was determined with a hazard ratio for death of 0.90 
(95% CI 0.81–1.00, P = .05) (266). At the present 
time, data are not robust enough to recommend 
induction chemotherapy prior to surgery outside the 
context of a clinical trial, except for locally advanced 
adenocarcinomas of the distal esophagus and gas
troesophageal junction. Current guidelines in the 
United States list induction chemotherapy with the 
ECF regimen as a treatment option in these patients 
(186). This recommendation is based on the results of 
the MAGIC trial (283).

Systemic Therapy Following Surgery 
(Adjuvant Therapy)

Adjuvant Chemotherapy
The administration of additional systemic therapy 
after curative esophagectomy (adjuvant chemother
apy) is not a common practice in the United States, 
where patients with locally advanced esophageal can
cer tend to receive neoadjuvant chemoradiotherapy 

more often. The adjuvant chemotherapy approach 
is more common in Japan, where patients typically 
undergo esophagectomy with extensive dissections of 
mediastinal, abdominal, and neck lymph node areas. 
At least four trials from Japan have evaluated this 
strategy.

A trial from the Japanese Esophageal Oncology 
Group randomized 258 patients undergoing curative 
esophagectomy to receive adjuvant radiation (50 Gy 
in 2 Gy/day fractions) or adjuvant chemotherapy 
with cisplatin 50 mg/m2 IV on day 1 and vindesine 
3 mg/m2 IV on day 1, repeated every 3 weeks, for 
three cycles. At 3 years, 51% of radiationtreated 
patients, compared with 52% of adjuvant chemo
therapy treated patients, were alive (no statistically 
significant difference). A greater number of patients 
treated with adjuvant chemotherapy recurred locally 
compared with the patients who received radiation, 
but the difference was not statistically significant. 
Arguing further against any benefit for the particu
lar chemotherapy regimen, the rates of distant recur
rences were similar between the two groups (290). 
Another randomized trial investigating the cisplatin/
vindesine regimen in the adjuvant setting showed 
similar disappointing results (291).

A trial of adjuvant chemotherapy conducted 
by the Japan Clinical Oncology Group randomized 
242 patients with T1–4, N0–1, M0–1 (distant lym
phatic metastases only) squamous cell carcinoma of 
the esophagus to surgery alone or surgery followed by 
adjuvant chemotherapy with cisplatin 80 mg/m2 IV 
on day 1 and 5fluorouracil 800 mg/m2 via continu
ous IV infusion for days 1 through 5, for two cycles, 
repeated every 3 weeks. A 5year overall survival of 
52% in surgeryalone treated patients compared with 
61% in chemotherapytreated patients was reported 
(P = .13). Fiveyear diseasefree survival, the primary 
endpoint of the trial and an endpoint that may or may 
not be meaningful to a patient, was significantly dif
ferent between the two groups, favoring chemotherapy 
(55% vs. 45% of patients undergoing surgery alone, P 
= .037). Patients with lymph node involvement (pN1) 
who received chemotherapy also appeared to have 
improved 5year diseasefree survival compared with 
patients not receiving chemotherapy (52% in chemo
therapytreated patients vs. 38% in patients undergo
ing surgery alone, P = .041). Myelosuppression and 
gastrointestinal toxicity were the most common grade 
3 or 4 adverse events in patients receiving chemother
apy. More patients in the surgeryonly treated group 
recurred (n = 63) compared with the chemotherapy
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treated group (n = 45). The authors speculate that 
overall survival was not different between the two 
groups because 86% of patients who recurred in the 
surgeryonly treated group went on to receive sys
temic therapy (292).

A report from Korea compared outcomes of 52 
historical controls undergoing curative esophagec
tomy with 40 patients receiving adjuvant chemo
therapy with three cycles of cisplatin (60 mg/m2 IV 
on day 1) and 5fluorouracil (1,000 mg/m2/day via 
continuous IV infusion on days 1–4), repeated every 
3 weeks. All patients had squamous cell histology. 
Overall survival at 3 years was significantly better in 
patients receiving chemotherapy (47.6%) compared 
with historical controls (35.6%) (P = .049). More his
torical controls had distant recurrences (n = 18) than 
in the chemotherapytreated patients (n = 9), a differ
ence that was not significantly different (293).

The only trial evaluating adjuvant chemother
apy for adenocarcinoma of the esophagus was con
ducted by the Eastern Cooperative Oncology Group 
in the United States. Following R0 resection, 55 
patients with T2–4, node positive adenocarcinoma 
of the distal esophagus, gastroesophageal junction, 
or gastric cardia received four cycles of paclitaxel 175 
mg/m2 IV on day 1 with cisplatin 75 mg/m2 IV on 
day 1, repeated every 21 days. Patients were com
pared with historical controls (surgeryonly treated 
patients in the aforementioned INT 0113 trial, refer
ence 289). At 2 years, a 60% overall survival rate was 
observed, compared with 38% of historical controls 
(P = .0008). A 3year overall survival of 42% was 
reported. Myelosuppression, gastrointestinal toxicity, 
and peripheral neuropathy were common grade 3 or 
4 adverse events in 54% of patients (294).

Adjuvant Chemoradiotherapy
Combined modality chemotherapy with radiation 
has been examined in the adjuvant setting, although 
in a limited fashion. A United States Intergroup trial 
(INT 0116) randomized 556 patients with adenocar
cinoma of the gastroesophageal junction or stomach 
completing R0 resection to surgery alone or surgery 
followed by chemoradiotherapy with 5fluorouracil 
425 mg/m2 IV on days 1 to 5 plus leucovorin 20 mg/
m2 IV on days 1 to 5, followed 28 days later by radia
tion (45 Gy in 1.8 Gy/day fractions) with concomi
tant 5fluorouracil 400 mg/m2 IV and leucovorin 
20 mg/m2 IV on the first 4 days and last 3 days of 
radiation. Median overall survival was 36 months 

in the chemoradiotherapy arm versus 27 months 
in the surgeryonly arm, giving a hazard ratio for 
death of 1.35 for surgeryonly compared with adju
vant chemoradiotherapy (95% CI 1.09–1.66, P = 
.005). Overall survival at 3 years was 50% in the 
chemotherapy arm versus 41% in the surgeryonly 
arm (P value not reported). Relapsefree survival 
also appeared to favor adjuvant chemoradiotherapy
treated patients, with a hazard ratio for relapse in 
surgeryonly treated patients compared with chemo
radiotherapytreated patients of 1.52 (95% CI 1.23–
1.86, P < .001). Locoregional relapse rates were also 
lower in the chemoradiotherapy treated patients (n = 
101) versus patients receiving surgery alone (n = 178), 
but a statistical analysis of differences in relapse rates 
was not performed since centers were only required 
to document a single site of recurrence. Grade 3 or 
4 hematologic toxicity (54%) and gastrointestinal 
toxicity (33%) were the most common adverse events 
in chemoradiotherapytreated patients (295). Since 
only 20% of patients in this trial had cancer involv
ing the esophagus (gastroesophageal junction), while 
the majority of patients had adenocarcinomas of the 
distal stomach, the applicability of these findings to 
a patient with adenocarcinoma of the gastroesopha
geal junction who has undergone curative resection 
is limited.

Taken together, these data suggest a role for 
adjuvant chemotherapy, and possibly adjuvant 
chemoradiotherapy, for selected patients with locally 
advanced, lymph node positive esophageal cancer 
who have undergone R0 resection without preopera
tive chemotherapy or radiation. In the modern era, 
such patients are likely few in number, since most 
patients are given neoadjuvant treatment. Thus, it 
does not appear that adjuvant chemotherapy will 
ever have much role in the treatment of patients with 
locally advanced esophageal cancer, except perhaps 
as a treatment following neoadjuvant chemoradio
therapy and surgery if further clinical trials demon
strate a benefit to such an approach.

C O N C LU S I O N S ■

An algorithm for esophageal cancer treatment is pre
sented in Chapter 9, “Radiotherapy for Esophageal 
Cancer.” However, it is important to note that the 
treatment of esophageal cancer is evolving. Clinical 
trials currently under way incorporate targeted 
therapies with conventional chemotherapy in the 
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neoadjuvant, adjuvant, and metastatic treatment set
tings. In addition, most modern clinical trials now 
include patients with only one type of histology, 
rather than the “mixed bag” of histologies included 
in esophageal cancer trials of the past. Many of these 
trials also incorporate correlative molecular analyses 
of patients’ tumors and treatment response, thereby 
gradually moving the treatment of esophageal cancer 
toward an ever more personalized approach.

A majority of patients with esophageal cancer 
now receive systemic therapy as a component of their 
treatment. It may be given prior to surgical resection, 
as with the induction chemotherapy and/or neoadju
vant chemoradiotherapy strategies, as a component 
of definitive therapy with radiation for unresectable 
disease, or as palliative treatment for metastatic dis
ease. No longer are patients with localized esopha
geal cancer treated strictly in the realm of surgeons or 
radiation oncologists, only to be sent to the medical 
oncologist once relapse has occurred or distant metas
tases have developed. As the incidence of esophageal 
cancer increases over the coming years, medical 
oncologists can expect this disease to develop a larger 
presence in their practice.

It is hoped, of course, that by placing a greater 
emphasis on risk factor modification, and possibly by 
making better efforts at and developing better tech
niques for early detection, the predicted increase in 
esophageal cancer cases will be mitigated. Until that 
occurs, the results of trials conducted over the past 
three decades and the trials currently in progress will 
help clinicians to develop sound treatment plans for 
their patients with this difficult, deadly disease.
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Thymomas are among the rarest human neoplasms 
arising from tissue elements of the thymus and 
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Thymomas are rare neoplasms arising from tissue elements of the thymus and developing in the anterior  mediastinum. 
Despite a low annual incidence of only 0.15 cases per 100,000 person-years, thymomas represent the most frequent 
tumors of the anterior mediastinum.

Thymomas are derived from thymic epithelium and typically occur in middle-aged adults. They are slow 
growing and infrequently metastasize. Thymomas can be associated with various systemic autoimmune disorders, 
such as red cell aplasia, hypogammaglobulinemia, inflammatory bowel disease, systemic lupus erythematosus, and 
in 30% of patients, with myasthenia gravis. For clinical evaluation of a mediastinal mass, radiographic imaging is 
obtained, usually by means of computed tomography. Differential diagnoses of an enlarging thymus include thymic 
hyperplasia, thymic cyst, and lymphoma. Tissue diagnosis prior to surgery is not routinely obtained but may be 
considered as an option to exclude the differential diagnosis of lymphoma, as treatment approaches are dramatically 
different in these two diseases.

The most frequently used classification systems are the Masaoka staging system and the World Health 
Organization (WHO) classification system, as they have prognostic significance.

Surgery is the primary therapy of most thymomas. This is typically accomplished by means of median sterno-
tomy with complete thymectomy.

Postoperative radiotherapy is currently not considered for completely resected Masaoka stage I thymomas, as 
no additional benefit on survival has been observed. Incompletely resected or invasive thymomas (Masaoka stages II 
and III) may benefit from adjuvant radiotherapy. Thymomas are generally considered chemotherapy-sensitive 
tumors, and therefore, chemotherapy is used in select patients with inoperable or gross residual disease after local 
treatment. This is mainly for Masaoka stages III or IV thymomas. In advanced or primarily unresectable tumors, 
multimodality treatment is adopted for management.

developing in the anterior mediastinum (1). Despite 
a very low annual incidence of only 0.15 cases per 
100,000 person-years (2), thymomas represent the 
most frequent tumor of the anterior mediastinum (3). 
Generally, they present as an incidental radiographic 
finding without any symptoms. They may, however, 
become symptomatic as part of a systemic or autoim-
mune disorder, such as myasthenia gravis, pure red 
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cell aplasia, pancytopenia, collagen-vascular disease, 
hypogammaglobulinemia, inflammatory bowl dis-
ease, or systemic lupus erythematosus (4–8).

Structure and Function of the Thymus

Thymus (Latin) is derived from the Greek word θύμός, 
thyme. Galen of Pergamum (ad 129–200) applied 
this term to a glandular formation found in the 
chest of young animals, thus the thymus gland. The 
first accurate description of the thymus followed by 
Berengarius of Capri (1480–1550) in 1524 (9).

Its anatomic location is in the upper anterior 
mediastinum. The thymus may extend from the 
inferior aspects of the thyroid glands to the level of 
the fourth costal cartilage or below. Furthermore, 
extracapsular or ectopic thymic tissue can be present 
elsewhere in the mediastinum (10).

The thymus is a two-lobed encapsulated organ. 
It is highly vascular, with lymphatic vessels that drain 
into the mediastinal lymph nodes. As a primary 
lymphoid organ, its main function is T-lymphocyte 
maturation (11). At birth, the gland has a weight 
of 10 to 15 g, which increases to its maximum in 
puberty before undergoing involution (fatty replace-
ment) to less than 15% of its maximum weight (11). 
Thus it is usually a nondetectable structure on chest 
radiograph, unless there is involvement of a disease 
process (4).

Histopathological Classification Systems  
and Staging

Various classification systems for thymomas have 
been developed and described historically. However, 
clinical, pathological, and surgical classification of 
thymomas is very complex due to the various clas-
sification schemes being in clinical use and remains 
controversial. A major factor guiding this debate is 
the histomorphologic variability and the heterogene-
ity of cells within thymomas (12–15).

In clinical practice the most widely used stag-
ing system is that defined by Masaoka and colleagues 
(16), acknowledging the presence of invasion and 
anatomic extent of involvement, both clinically and 
histopathologically (Table 1). The classification sys-
tem is regarded as a good predictor of prognosis and 
has been verified as the most significant independent 
prognostic parameter for survival in the literature. 

Kaplan-Meyer survival statistics are illustrated in 
Figure 1.

Another frequently used thymoma classification 
system is the WHO histologic typing of tumors of 
the thymus (1999), based on cytologic similarities 
between normal thymic epithelial cells and neoplas-
tic cells (17). The definitions of the WHO types A, 
AB, B1-B3, and C are illustrated in detail in Table 2. 
Similar to the Masaoka staging system, the WHO 
classification is a statistically significant predictor 
of prognosis. Survival statistics are illustrated in 
Figure 2.

The WHO classification system has been built 
upon the histologic classification system originally 
described by Marino and Müller-Hermelink (1985), 
which is based on the presumed origin of the malig-
nant thymoma cells and includes five subtypes as 
derivatives of the medullary and cortical cells typi-
cally seen in the different types of thymomas: med-
ullary, mixed, predominantly cortical, and cortical 
thymomas, and well-differentiated thymic carcino-
mas (19) (Table 2).

In 1999, Suster and Moran (20) suggested a 
schema condensing thymic epithelial tumor into 
three histologic groups based on morphology and 
epithelial cytology: thymoma, atypical thymoma, 
and thymic carcinoma (Table 2).

Other existing classification schemes are listed 
subsequently in chronological order. Bernatz (21) 
described thymomas in 1961 according to their 
dominant cell type as predominantly spindle cell, 

TABLE 1 Modified Masaoka stage

Stage I Tumor completely encapsulated, grossly and 
microscopically; nontransmural capsular invasion

Stage II Complete transmural (transcapsular) invasion
IIA microscopic invasion only
IIB macroscopic invasion into extracapsular 

soft tissue, or tumor grossly adherent to 
mediastinal pleura or pericardium without 
invasion through these structures

Stage III Macroscopic invasion into neighboring organs
IIIA invasion spares the great vessels
IIIB invasion includes the great vessels

Stage IV Locally advanced thoracic disease or 
metastasis

IVA pleural or pericardial dissemination
IVB lymphovascular metastasis

Source: From Ref. 16.
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FIGURE 1 Kaplan-Meier survival statistic for thymomas according to Masaoka tumor stage. Adapted from 
Ref. 17.

TABLE 2 Correspondence of different histologic classification systems

WHO  Müller-Hermelink Suster-Moran

A Bland spindle/oval epithelial tumor cells, recapitulating the  
involuted thymus with few or no lymphocytes 

Medullary Thymoma

AB Mixture of a lymphocyte-poor type A thymoma component  
and a more lymphocyte-rich type B–like component 

Mixed

B1 Histological appearance of normal thymus composed  
predominantly of areas resembling cortex with epithelial cells 
scattered in a predominant population of immature  
lymphocytes, and areas of medullary differentiation
(synonym: “lymphocyte-rich”)

Predominantly  
cortical

B2 Large, polygonal tumor cells that are arranged in a loose  
network and exhibit large vesicular nuclei with prominent  
large nucleoli; relative proportion of epithelial cells is  
increased compared with type B1
Synonym: “mixed lymphoepithelial”

Cortical

B3 Increased numbers of large, round, or polygonal cells with  
fewer lymphocytes compared with types B1 or B2.  
Epithelial cells present in large clusters, with mild nuclear  
irregularities, if any
Synonym: “epithelial-rich”

Differentiated  
thymic carcinoma

Atypical 
thymoma

C Heterogeneous group of thymic carcinomas.  Thymic 
carcinoma

Source: From Ref. 18.
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predominantly lymphocytic, predominantly mixed, 
or predominantly epithelial thymomas.

Levine and Rosai (22) emphasized the impor-
tance of presence or absence of invasiveness by clas-
sifying thymomas into (a) benign encapsulated 
 thymomas, (b) type 1 malignant thymomas (inva-
sive thymomas), and (c) type 2 malignant thymomas 
(thymic carcinomas).

Derived from Masaoka, the French Study Group 
on Thymic Tumors (GETT) developed the GETT 
classification system of thymomas in 1991, relating 
extent of surgical resection to tumor histopathology 
(23). However, this classification is rarely used in 
clinical practice.

Finally, several approaches have been under-
taken to adopt a TNM-based classification system 
for thymomas because it is commonly used for other 
malignancies. Yamakawa and colleagues (24) devel-
oped a TNM-classification system in 1994, which 
the authors adopted to 207 patients with thymoma 
or thymic carcinoma. However, this classification 
system has neither been widely used nor officially 
recognized by WHO (24,25). In 2005, Bedini and 
colleagues published a novel TNM-based staging 
system called INT (“Istituto Nazionale Tumori,” the 

Italian National Cancer Institute) (26). The authors 
have developed this system as a clinically applica-
ble staging system to update the Masaoka system. 
Further assessment of the INT system in larger mul-
ticenter series will be required to justify its clinical 
implementation.

d I Ag n os I s o f t h ymom A ■

Noninvasive Diagnostic Tools

Radiologic Imaging
Computed tomography (CT) is the current gold 
standard to characterize a mediastinal mass with 
regard to its anatomy, potential invasion of neighbor-
ing structures, and distant metastases, as chest radio-
graphs may show merely a nonspecific broadened 
mediastinum (27). It is therefore an essential tool for 
clinical staging and surgical planning. Furthermore, 
CT imaging may be useful to distinguish thymomas 
from benign mediastinal lesions or lymphoma in the 
case of multiple mediastinal abnormalities (28).

Magnetic resonance imaging (MRI) resem-
bles an additional, yet not routinely implemented, 
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FIGURE 2 Kaplan-Meier survival statistic for thymomas according to World Health Organization class-
ification. Adapted from Ref. 17.
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technique in the radiologic diagnostic workup of 
patients (29). The value of MRI is the verification of 
potential invasion into surrounding structures such 
as great vessels or the heart for surgical planning, 
rather than as a primary diagnostic tool. Reports sug-
gesting that MRI findings correlate with the WHO 
classification need to be studied further (30,31).

The Role of Nuclear Medicine in  
the Diagnosis of Thymomas
Recently, fluorodeoxyglucose positron emission 
tomography (FDG-PET) scanning has been used in 
addition to computed tomography (CT) to diagnose 
thymomas. Data suggest that maximal standard-
ized uptake values (SUVs) of thymic carcinomas are 
significantly higher than those of high- or low-risk 
thymomas (32,33). Moreover, a higher proportion 
of thymic carcinoma patients show homogeneous 
18F-FDG uptake than low- or high-risk thymoma 
patients. The authors concluded from their data that 
PET might be a useful tool for predicting the grade 
of malignancy in thymic epithelial tumors.

11C-Acetate-PET has recently been described 
as a novel PET modality in the diagnosis of thymo-
mas in addition to 18F-FDG-PET imaging. Shibata 

and coworkers (34) found in their recent study of 
40 patients that the SUV can be applied to predict 
the histologic type of thymoma: an SUV of <6.3 in 
FDG-PET and of >5.7 in 11C-Acetate-PET were pre-
dictive of a WHO A/AB thymoma. Larger controlled 
studies are needed to confirm these findings, as they 
may have consequences in regard with prognosis and 
management of thymomas.

PET imaging might also be a decision- facilitating 
tool to help the clinician in choosing patients for 
which a preoperative biopsy should be obtained. In 
a recent study of 19 patients by Luzzi and colleagues 
(35), the authors recommend obtaining a preopera-
tive biopsy of mediastinal lesions with an SUVmax of 
>5, as they have a higher probability of lymphoma or 
thymic carcinoma.

Further clinical investigation is needed to deter-
mine whether PET scanning should play a specific 
role in preoperative staging of thymomas, for early 
detection of recurrent disease during follow-up, as 
well as in restaging of mediastinal tumors after neo-
adjuvant therapy.

Another potentially useful modality not rou-
tinely used in the diagnosis of thymomas is scintigra-
phy. Its adoption seems to be useful in patients with 

Broadened mediastinum 
on chest radiograph 

CT +/− PET 
(optional: MRI) 

Stage I 

Surgery 
Surgery

+/− adjuvant
radiotherapy

Neoadjuvant therapy 
+ surgery 
+ adjuvant 

radiotherapy 

Chemoradiotherapy 
+/− surgery 

Stage II Stage III 
Unresectable 

Stage III 
Stage IV 

FIGURE 3 Algorithm for diagnosis and treatment of thymomas.
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myasthenia gravis, as thallium 201 single photon 
emission computed tomography can help to differ-
entiate normal thymic tissue from hyperplastic tissue 
or thymoma (36).

Invasive Diagnostic Tools

Patients with an anterior mediastinal mass suspicious 
of thymoma without any B-symptoms typically do 
not need invasive preoperative tissue diagnosis. Its 
diagnostic role is to exclude potential differential 
diagnoses where surgical resection is not the primary 
treatment modality, such as lymphomas.

Fine needle aspiration (FNA) biopsy is an 
accepted and feasible method to differentiate medi-
astinal lesions and to diagnose or classify thymomas 
histopathologically (37–39). However, as in other 
malignant tumors, needle track malignant cell seed-
ing is feared, and therefore, many programs do not 
routinely perform FNA biopsy in tumors suspicious 
of thymoma. In addition, FNA biopsy is not suit-
able to assess capsular or neighboring organ invasion 
(40). New approaches such as the implementation of 
ultrasonically guided core needle biopsy rather than 
percutaneous needle biopsies have been adopted to 
obtain larger specimens for histological examination. 
Annessi and colleagues (41) were able to establish a 
diagnosis in all patients who had undergone anter-
ior mediastinal core needle biopsy by ultrasound 
guidance (n = 47) with a sensitivity and specificity 
of 100%. They evaluated the procedure as super-
ior to FNA because surgical diagnostic procedures 
can be reduced and repetition of unsuccessful FNA 
is avoided. For the same reason, endoscopic ultra-
sound-guided fine needle aspiration (EUS-FNA) 
has been increasingly applied to obtain cytologic 
specimens from mediastinal lesions (42,43). As histo-
logical examination allows superior differentiation of 
malignant lesions, Larghi and colleagues have imple-
mented an altered EUS-FNA technique in a pilot 
study of 27 patients using continuous high nega-
tive pressure suction for core tissue acquisition and 
compared this technique with standard EUS-FNA. 
To apply high negative pressure suction, the authors 
attached an inflation system to the proximal end of 
the FNA needle and applied suctioning at 35 mL of 
a 60-mL syringe. This value was arbitrarily chosen 
by the authors. The diagnostic accuracy for both 
methods was 76.9%, and when combined, a correct 
diagnosis was achieved in 84.6% of the patients (43). 

No superiority over standard EUS-FNA could be 
shown in this study.

Percutaneous image-guided FNA biopsy of a 
mediastinal mass is diagnostic in up to 82% of cases 
(44). However, histological differentiation between 
thymomas, lymphomas, and thymic hyperplasia can 
be problematic for this form of biopsy.

In our clinical practice we do not routinely 
obtain an invasive tissue diagnosis if thymoma is 
the presumed diagnosis based on imaging, clini-
cal examination, and medical history. In patients 
reporting B-symptoms or in those with radiographic 
imaging findings suggestive of lymphoma, we will 
obtain a core biopsy to be able to exclude lymphoma 
as a potential differential diagnosis, as the treat-
ment approaches for thymoma and lymphoma differ 
substantially.

t h e r A p y ■

Surgery

Surgery is the primary therapy for most thymomas. 
The first thymic operation was performed in tran-
scervical fashion at the end of the 19th century by 
Ludwig Rehn on a patient with a symptomatically 
enlarged thymus (45). This operative technique 
remained the preferred approach until the 1930s, 
when Alfred Blalock performed the first transsternal 
thymectomy in a patient with myasthenia gravis (MG) 
and an anterior mediastinal tumor in 1936 (45,46). 
Complete and partial median sternotomy with com-
plete thymectomy evolved from this technique and 
remains the operative approach of choice for the 
resection of thymomas (47–53). In advanced tumors, 
especially if the lung or pleural space is invaded, the 
extension of a sternotomy to a hemiclamshell inci-
sion or a full clamshell incision can be suitable. To 
reduce morbidity and mortality associated with this 
procedure, minimally invasive techniques have been 
developed in the past years. We do not routinely use 
the minimally invasive approach for the resection of 
thymomas given concern regarding oncologic equiv-
alence with open approaches.

Minimally Invasive Techniques
Minimally invasive approaches such as transcervi-
cal, video-assisted thoracoscopic (VATS), or robotic-
assisted thymectomy are being intensely studied for 
thymomas (54–57). As with any other minimally 
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invasive approach, video-assisted thymectomy is asso-
ciated with significantly lower morbidity resulting in 
a significantly shorter hospital length of stay as well 
as a comparable relief of symptoms from MG when 
compared with transsternal thymectomy (56,58). 
Another benefit is the better cosmetic result of mini-
mally invasive surgery. Advantages of robot-assisted 
surgery are seen in the ease of dissection in the nar-
row mediastinum and neck due to  3-dimensional 
visualization (57). No data are currently available 
on the influence of this advanced minimally invasive 
technique on morbidity and mortality when com-
pared with VATS thymectomy.

In thymomas, however, these approaches are 
generally viewed as contraindicated (54,55) due to 
concern regarding oncologic equivalence with the 
open approach. Despite the lack of controlled long-
term clinical trials evaluating the oncologic equiva-
lence, some investigators consider minimal invasive 
thymectomy to be an effective alternative procedure 
for noninvasive thymomas if performed carefully 
in experienced hands (59–61). Pennathur and col-
leagues (62) compared their results of VATS thymec-
tomy with the results of an open resection in a total of 
38 patients with stages I (n = 14) and II (n = 24) thym-
omas with a median follow-up time of 34.8 months. 
The study showed oncologic equivalence of the two 
approaches, yet further studies evaluating the long-
term outcome of these patients are required to evalu-
ate these approaches in the therapy of thymomas.

Transcervical Thymectomy
For this approach, a transverse 5-cm cervical inci-
sion is made approximately 2 cm above the sternal 
notch without splitting the sternum. Visualization is 
achieved via a 5-mm thoracoscopic camera inserted 
through the cervical incision. This approach is prom-
inent for thymectomy in the treatment of myasthenia 
gravis, but concerns remain about its oncologic effi-
cacy for removal of thymomas.

VATS Thymectomy
This technique typically uses three ports, placed 
anterior to the midaxillary line, two of which func-
tion as utility ports, while through a third the camera 
is introduced. After dissection, the mobilized thymus 
is removed from the thoracic cavity through the most 
anterior port, which may be extended to a 3- to 5-cm 
utility incision to facilitate retraction of the speci-
men. Although an adequate thymectomy for either 

the right- or left-hand side can be performed through 
this approach, it is difficult, if not impossible, to see 
across the midline to adequately dissect on the side 
opposite to that of entry into the chest. As a conse-
quence, oncologic concerns have inhibited the wide 
adoption of this approach, even for fully encapsu-
lated stage I thymomas.

Robotic-Assisted Thymectomy
The ports for the arms of the robotic device are 
inserted in a similar manner as that described above 
for the VATS technique, with the consideration of 
somewhat broader spacing for adequate room for 
arm movement. The camera offers 3-dimensional 
visualization for the surgeon, who is performing the 
surgery from a console in the operating room, while 
the assistant surgeon is operating at the patient’s side. 
Despite enhanced operative visualization compared 
with the VATS approach, similar concerns regarding 
oncologic efficacy remain.

Clinical Outcomes After Surgical Resection
For patients with completely resected Masaoka 
stage I thymoma, 10-year survival rates of approxi-
mately 80% have been reported (63). According to 
a multicenter study on 1,320 patients by Kondo and 
 colleagues, total resection is the most important prog-
nostic factor for survival: the 5-year survival rate of 
Masaoka stages III and IV thymomas is 92.9% after 
total resection versus 64.4% (P < .001) after subtotal 
resection versus 35.6% if inoperable (64). Rea and 
colleagues confirmed these findings; however, they 
found no statistical difference in survival between 
patients who underwent incomplete resection (deb-
ulking) versus biopsy only (49).

Recurrence rates after complete resection vary 
between 11% and 19% (50,65) and correlate with 
stage: WHO tumor type A and AB 0%, B1 and B2 
8%, B3 27%, and C 50%, as shown by Wright and 
associates (65). Haniuda and colleagues (50) followed 
126 patients after complete resection and identi-
fied 24 recurrences (19%) with 83% of relapses in 
Masaoka stage IVa thymomas and no recurrences in 
Masaoka stage I thymomas, which once again indi-
cates that the recurrence rate increases with stage. 
As reported by Cowen and associates (1), metastatic 
spread is significantly (P < .02) more often seen in 
patients who were not treated (biopsy only: 27%) or 
underwent subtotal resection (23%) than in patients 
who underwent complete resection (7.9%).
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With completeness of resection being an import-
ant prognostic factor for local control of the disease 
and hence survival, it has to be aimed for whenever 
feasible (1,47–49,51,53,64,66,67).

Radiation Therapy

Postoperative radiotherapy is currently not recom-
mended for completely resected Masaoka stage I thy-
momas, as no additional benefit on survival has been 
observed (67). However, in incompletely resected 
or invasive thymomas (Masaoka stages II and III), 
adjuvant radiotherapy is frequently applied with the 
option of irradiating either the tumor bed or the 
entire mediastinum and/or the supraclavicular fossae 
(53,68). The applied radiation dose ranges from 40 to 
60 Gy based on the extent of disease, pathologic fac-
tors, and completeness of resection (1,53,64,68).

Adjuvant radiation therapy for completely resec-
ted Masaoka stage II thymomas remains contro-
versial but is recommended in the current National 
Comprehensive Cancer Network (NCCN) guide-
lines. Some authors suggest that an R0-resection 
alone is adequate in the treatment of Masaoka stages 
I and II thymomas (69). Yet, particularly in Masaoka 
stage II tumors of a high-risk WHO category such 
as B2, B3, or C, adjuvant radiotherapy should be 
considered because a significantly increased 5-year 
survival rate of 86% compared with 48% without 
adjuvant therapy has been reported (P < .002) (3,68). 
Recurrences and metastatic disease after resection of 
WHO B2 and B3 thymomas reflect their malignant 
behavior and suggest potential benefit for intensified 
treatment (51,64,66).

Several studies have shown that neither increases 
of the irradiation dose nor extension of the radiation 
field (thymic bed vs. entire mediastinum) seems to 
improve the outcome after resection (1,53,68). As 
reported by Zhu and coworkers (53), the 5-year local 
control rate after irradiation of the tumor bed of 
68% is comparable to that after extension of radio-
therapy fields (67%). Comparing different radiation 
doses (≤50 vs. >50 Gy), no significant differences on 
local control or survival were observed. A report by 
Kondo and colleagues suggests that the recurrence 
rate of completely resected Masaoka stages II and III 
thymomas is not significantly decreased by postop-
erative radiotherapy. Recurrence rates of Masaoka 
stages II and III thymomas were 5% and 23% in 
patients with postoperative radiotherapy and 4% and 

26% in patients without radiotherapy, respectively 
(64). According to this study, even in patients after 
complete resection of Masaoka stages III and IV thy-
momas, there is no significant difference in survival 
rates seen between surgery alone and surgery with 
postoperative radiotherapy (5- and 10-year survival 
of 100% and 95% vs. 93% and 78%, respectively). 
Furthermore, the use of routine adjuvant irradiation 
after complete resection of Masaoka stage III thy-
momas does not seem to prevent pleural recurrences 
and therefore needs to be readdressed according to 
Mangi and coworkers (70). However, other stud-
ies clearly find adjuvant radiotherapy as an effec-
tive treatment in advanced thymomas (Masaoka 
stages III and IV) by inducing long-term complete 
or partial remissions, especially in Masaoka stage III 
thymomas (15,71–73). Postoperative radiotherapy is 
recommended in the current NCCN guidelines for 
resected Masaoka stage III patients.

Onuki and colleagues (74) reported successful 
tumor size reduction in Masaoka stage III thym-
omas after preoperatively applied radiotherapy but 
observed statistically significant differences based 
on the underlying WHO thymoma type because the 
treatment was more effective in B1 and B2 thymomas 
than in B3 thymomas. These promising results need 
to be confirmed by further controlled studies because 
neoadjuvant radiotherapy may offer the opportunity 
in patients with previously unresectable tumors to be 
amenable to definitive curative surgical resection.

Chemotherapy

Thymomas are often chemotherapy-sensitive tumors, 
and therefore chemotherapy is adopted in select 
patients with inoperable or gross residual disease 
after local treatment, mainly for Masaoka stages III 
or IV thymomas (53,65,75). Chemotherapy is not 
considered as treatment of choice in localized, surgi-
cally resectable thymomas (76).

Frequently applied agents in the reviewed stud-
ies are cisplatin-based protocols consisting of doxo-
rubicin, cyclophosphamide, cisplatin, vincristine, 
or cisplatin with etoposide and ifosfamide (47,48). 
Currently, however, no standardized regimen for 
chemotherapy in thymoma therapy exists.

Rea and colleagues adopted the ADOC regimen 
(cisplatin, doxorubicin, vincristine, and cyclophos-
phamide) in a neoadjuvant setting for unresectable 
stages III or IVa thymomas, showing an improved 
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resectability after neoadjuvant chemotherapy of 75% 
versus 58% if no neoadjuvant therapy was applied 
(49). These positive effects have been confirmed by 
Berruti and coworkers (77).

In a study by Cowen and colleagues (1) review-
ing patients with nonmetastatic thymoma who 
received radiation therapy, the use of chemotherapy 
strongly correlated with Masaoka stages III and IVa 
thymomas (P < .01) and mediastinal compression on 
presentation (P < .01). The adjuvant platinum-based 
CAP regimen (cyclophosphamide, doxorubicin or 
adriamycin, cisplatin or carboplatin) was associated 
with disease-free survival at 5 years of approximately 
55% versus 20% if no chemotherapy was applied 
(P = .02).

Small prospective studies focusing on the use 
of chemotherapy also suggest a positive effect for 
the combination of cisplatin and etoposide (76,78). 
Loehrer and colleagues (76) concluded from their 
prospective study of 28 patients treated with the VIP 
regimen (cisplatin, iphosphamide, and etoposide) 
that objective response rates and prolonged survival 
are achievable in patients with metastatic or locally 
progressive recurrent disease. In 32.1%, partial 
remission was achieved, though no patient experi-
enced complete remission, and 7.1% developed pro-
gressive disease, whereas 60.1% of patients had stable 
disease. One- and two-year survival rates were 89% 
and 70%, respectively. In a phase 2 study conducted 
by Giaccone and colleagues (78), 16 patients with 
recurrent or metastatic thymoma were treated with 
a combination of cisplatin and etoposide, achieving a 
response rate in 56% of patients, of which 31% were 
complete responses with a median response dura-
tion of 3.4 years (median survival: 4.3 years; median 
 progression-free survival: 2.2 years).

In summary, a number of studies have shown 
potential benefit for multiple chemotherapeutic 
regimens in the treatment of thymoma. The lack of 
prospective trials, however, with consistent regimens 
makes comparison across studies difficult. Therefore, 
larger controlled studies are clearly required for val-
idation (64).

Multimodality Treatment

Multimodality treatment is an approach to manage 
primarily unresectable tumors (79,80). Bretti and 
colleagues (79) reported increased radical resection 
rates after neoadjuvant treatment from 46% to 65% 

in Masaoka stage III patients and from 0% to 20% 
in those with Masaoka stage IVa disease, respectively. 
A total irradiation dose of 30 Gy was administered 
over 3 weeks, and two chemotherapy regimens were 
adopted: four cycles of ADOC or CDDP+VP16 (cis-
platin and etoposide). Therefore, induction chemo-
radiotherapy can be regarded as an attempt to 
potentially downstage thymomas to improve surgi-
cal resectability and consequently improve survival 
(79,81,82).

Lucchi and colleagues (83) reported reasonable 
long-term results in Masaoka stages III and IVa thy-
momas, applying neoadjuvant chemotherapy, surgery, 
and postoperative radiotherapy or primary surgery 
followed by adjuvant chemotherapy and/or radiation 
therapy. The neoadjuvant or adjuvant chemotherapy 
regimen consisted of three courses of cisplatin, epi-
doxorubicin, and etoposide every 3 weeks. Adjuvant 
irradiation consisted of 45 Gy for complete and 60 
Gy for incomplete resections. Again, according to 
their data, neoadjuvant chemotherapy improved the 
resectability rate and survival. Kim and colleagues 
(84) confirmed these findings in a prospective study 
of 22 patients treated with induction chemotherapy 
(cyclophosphamide, doxorubicin, cisplatin, and 
prednisone), surgery, and radiotherapy plus consoli-
dation chemotherapy. In all, 18 of 19 patients who 
completed the multidisciplinary regimen were dis-
ease-free at a median follow-up of 50.3 months. The 
overall survival rate was 95% at 5 years and 79% at 7 
years with a progression-free survival rate of 77% at 
5 and 7 years. Low morbidity with promising long-
term survival rates have been reported, supporting 
a multimodality approach in a select group of thy-
moma patients with advanced tumors (52,85,86). 
However, prospective multi-institutional studies are 
needed for further verification (52).

p ro g n os t I c fAc to rs I n  ■

t h ymom As

Masaoka stage, WHO classification, and radical sur-
gical resection are considered significant independent 
prognostic factors for long-term disease-free survival 
(3,48,49,53,64,65,67,68,72).

It is not clear whether tumor size is an inde-
pendent prognostic factor for outcome in thymoma 
patients, although it has been suggested by various 
studies. Nakagawa and colleagues (67) evaluated fac-
tors limiting the prognosis of thymomas and rated 



220  Thoracic Malignancies

tumor size as a significant predictor of outcome 
(P = .001). These results were supported by a single-
center study of 179 patients by Wright and coworkers 
(65), finding a critical tumor size of ≥8 cm to be an 
independent predictor for recurrence.

The prognostic value of MG in thymomas is 
controversial in the reviewed literature. Kondo and 
colleagues (87) found in a multicenter study of 1,089 
patients that thymomas associated with MG seem to 
behave less aggressive because thymomas associated 
with MG are diagnosed at an earlier stage and have 
lower recurrence rates (47,72,87). As a consequence, 
MG can be regarded as a positive prognostic factor 
for the outcome of thymomas.

f u t u r e r e s e A rc h ■

To improve the outcome in patients who are not ame-
nable to surgical resection, more investigation needs 
to be conducted to elucidate the molecular pathways 
involved in the pathogenesis of thymomas to be able 
to offer targeted therapies based on molecular under-
standing of the disease.

Sasaki and colleagues (88) have shown that gene 
expression analysis of thymomas may provide a novel 
and promising approach for classifying thymomas 
biologically. This idea has been further investigated 
by Lee and colleagues (89) observing genome-wide 
chromosomal aberrations in thymomas with correl-
ation of specific alterations to thymoma subgroups. 
Recently Kaira and coworkers (90) described that 
expression of L-type amino acid transporter 1 might 
function as an immunohistochemical marker for 
thymic carcinomas, being able to distinguish these 
from thymomas.

The clinical impact of these findings is yet 
unknown but may offer potential opportunities for 
complementing the current standard classification 
systems and improving prognosis and clinical out-
comes for thymoma patients in the future. Novel 
research approaches might improve the understand-
ing of the disease further and lead to new tools for 
diagnosis and treatment of thymomas.

s umm A ry ■

The Masaoka staging system seems to be the current 
state of the art in thymoma diagnostics and therapy. 
As illustrated in Figure 3, CT is the diagnostic tool 

of choice to image the mediastinal lesion and its 
anatomical extent. For histopathological diagnosis, 
particularly if the lesion is invading neighboring 
structures, a preoperative specimen acquisition by 
FNA should be considered, especially if neoadjuvant 
therapy is considered.

Median sternotomy is the surgical approach of 
choice for complete surgical resection. It is effective 
for stage I thymomas without any further treatment. 
After surgical resection of stage II thymomas, adju-
vant radiotherapy should be considered. Stage III 
thymomas may benefit from neoadjuvant therapy 
to achieve complete surgical resectability and min-
imize the risk of recurrent disease. Postoperative 
radiotherapy may also be useful for stage III thym-
omas, especially if complete resection is not feasible. 
Patients with stage IV thymomas and unresectable 
stage III thymomas may benefit from a multimodal-
ity approach including radio- and chemotherapy, and 
potentially surgery if significant downstaging occurs. 
Therapy for advanced thymomas infiltrating neigh-
boring structures with pericardial or pleural dissem-
ination remains controversial. Acquiring reliable data 
in prospective long-term studies to verify these find-
ings is challenging and only feasible in multicenter 
trials given the overall low incidence of thymoma.
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E s o p h ag u s ■

The esophagus is commonly included within the 
treatment volume in patients receiving radiation ther-
apy due to location of the primary tumor, involved 
lymph nodes, and draining lymphatics. Toxicity is 
usually described as acute or late toxicity. Acute tox-
icity occurs during and immediately after treatment. 
Acute symptoms of dysphagia and odynophagia gen-
erally develop after 2 to 3 weeks of daily radiation 
therapy. These symptoms can lead to dehydration, 
weight loss, and fatigue. Pathophysiologic findings 
include initial mucosal hyperemia and erythema, 
followed by epithelial denudation, erosion, and 
submucosal edema (5). Chronic toxicity can occur 
months to years after treatment. This occurs from 
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The roles of external beam radiation, chemotherapy, surgery, and combined modality treatment are well 
 established in the treatment of thoracic malignancies (1–4). However, each treatment modality carries risks 
of both acute and chronic toxicities affecting normal tissues. Normal tissues potentially at risk include the 
esophagus, lungs, nerve tissue (brachial plexus/spinal cord), and heart. The purpose of this overview is to 
discuss natural history, predictive factors, and management of normal tissue toxicity.

subepithelial damage of the lumen wall, causing sub-
mucosal and muscle wall fibrosis, lumen narrowing, 
and mucous gland atrophy (6). These toxicities can 
include esophageal stricture and, rarely, perforation/
ulceration or fistula formation. Patients with collagen 
vascular disease (especially systemic lupus and sclero-
derma), Bloom syndrome, and ataxia telangiectasia 
are particularly at risk of late esophageal injury (7).

Toxicity scales commonly used include the 
Radiation Therapy Oncology Group (RTOG)/
European Organization for Research and Treatment 
of Cancer (EORTC) late toxicity scale and National 
Cancer Institute Common Toxicity Criteria for 
Adverse Events (NCI-CTCAE) acute toxicity scale 
(Table 1).

Risk factors for developing esophagitis include 
treatment-related factors and radiation dosimetry. 
Patient-related factors, including age, performance sta-
tus, gender, body mass index, have generally been not 
consistently predictive of esophageal toxicity (8–10).
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Treatment-related factors include use of twice-
daily radiation, higher radiation doses, addition of 
chemotherapy, and sequencing of chemotherapy. 
With 3-dimensional treatment planning, calculation 
of dose (dosimetry) to the esophagus is now possible. 
Numerous studies have now studied how dose- volume 
interactions correlate with esophageal toxicity.

Ahn et al. (11) evaluated the clinical and 
3- dimensional dosimetric parameters associated with 
esophageal injury after radiotherapy for non–small 
cell lung cancer (NSCLC). Acute toxicity occurred 
in 199 (78%) of 254 patients. For acute toxicity of 
grade 2 or worse, twice-daily radiotherapy, age, 
nodal stage of N2/3, and most dosimetric parameters 
were predictive. Late toxicity occurred in 17 (7%) of 
238 patients. The median and maximal time to the 
onset of late toxicity was 5 and 40 months after radi-
otherapy, respectively. For late toxicity, the severity of 
acute toxicity was most predictive.

Werner-Wasik et al. (10) identified in a multi-
variate analysis treatment-related factors predispos-
ing patients with lung cancer to acute esophagitis, 
expressed as a severity grade or esophagitis index 
(EI). Esophagitis grades for each time point were 
verified by review of weekly physician and nursing 
treatment notes, hospital discharge summaries, and 
referring physician notes and then plotted on graph 
against time. The area under the curve (AUC) was 
calculated for each patient’s graph and was defined 
as an EI. Univariate and multivariate analyses of sev-
eral factors potentially influencing the maximum 
esophagitis grade, as well as EI, were performed. 
Concurrent chemotherapy and twice-daily radio-
therapy, especially when combined, were associated 
with the highest acute maximum esophagitis grade 
and EI. The duration of acute esophagitis was also 
longest in the concurrent chemotherapy plus twice-
daily radiotherapy group. The increasing length of 
esophagus in the radiation field did not predict for 
the severity of acute esophagitis.

Takeda et al. (12) evaluated the factors associ-
ated with acute esophagitis in lung cancer patients 
treated with thoracic radiotherapy. Median dose 
was 60 Gy. Eighty-six percent received concurrent 
chemotherapy. The most significant correlation was 
between esophagitis and percentage of esophageal 
volume receiving >35 Gy on both univariate (P = 
.002) and multivariate (P = .018) analyses.

Bradley et al. (13) analyzed whether the irradi-
ated esophageal surface area (A) and/or esophageal 
volume (V) are predictive of acute esophagitis in 
relation to other clinical and treatment-related fac-
tors. All patients were treated to median dose 70 Gy. 
The esophageal surface area receiving ≥55 Gy, the 
esophageal volume receiving ≥60 Gy, and the use of 
concurrent chemotherapy were the most statistically 
significant predictive factors for early esophagitis. 
Age, stage, performance status, and preradiotherapy 
chemotherapy had no statistically significant influ-
ence on the incidence of acute esophagitis.

Belderbos et al. (14) correlated acute esophageal 
toxicity (AET) with dosimetric and clinical param-
eters for NSCLC patients treated with radiotherapy 
alone or with chemoradiotherapy (CRT). They ana-
lyzed the data of 156 patients with medically inopera-
ble or locally advanced NSCLC. Seventy-four patients 
were irradiated with high-dose radiotherapy only, 45 
patients with sequential CRT (gemcitabine/cisplatin), 
and 37 patients with concurrent CRT (cisplatin daily 
6 mg/m2). The radiation dose delivered ranged from 

TABLE 1 Toxicity scales for esophagitis

RTOG/EORTC

Grade 0 None.
Grade 1  Mild fibrosis, slight difficulty in swallowing 

solids; no pain on swallowing.
Grade 2  Unable to take solid food normally; swallowing 

semisolid food, dilation may be indicated.
Grade 3  Severe fibrosis; able to swallow only liquids; 

may have pain on swallowing; dilation 
required.

Grade 4 Necrosis/perforation; fistula.
Grade 5 Death.

NCI-CTCAE v.3

Grade 0 No symptoms.
Grade 1  Asymptomatic pathologic, radiographic, or 

endoscopic findings only.
Grade 2  Symptomatic; altered eating/swallowing (e.g. 

altered dietary habits, oral supplements); IV 
fluids indicated <24 h.

Grade 3  Symptomatic; severely altered eating/
swallowing (e.g. inadequate oral caloric or 
fluid intake); IV fluids, tube feedings, or TPN 
indicated ≥24 h.

Grade 4 Life-threatening consequences.
Grade 5 Death.

EORTC, European Organization for Research and Treatment 
of Cancer; RTOG, Radiation Therapy Oncology Group.
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49.5 to 94.5 Gy (2.25–2.75 Gy per fraction) with an 
overall treatment time of 5 to 6 weeks. Grade 2 AET 
or higher occurred in 27% of the patient population 
of which nine patients developed grade 3 toxicity 
and one patient grade 4. All 10 patients with grade 
≥3 esophageal toxicity received concurrent CRT. At 
multivariable analysis, the most significant clinical 
parameter to predict AET was the concurrent use of 
CRT. The most significant dosimetric parameter was 
the esophagus volume that received at least 35 Gy.

Kim et al. (15) retrospectively evaluated which 
dose-volumetric parameters are associated with the 
risk of grade 3 or higher AET in lung cancer patients 
treated with 3-dimensional conformal radiotherapy 
(3D-CRT). The parameters analyzed included sex, 
age, Karnofsky performance score, weight loss, surgery, 
concurrent chemotherapy, dose-volume parameters, 
the percent and absolute length of the esophagus irra-
diated, the maximum and mean dose to the esopha-
gus, and normal tissue complication probability. In 
univariate and multivariate logistic regression analy-
ses, concurrent chemotherapy and the volume of 
esophagus receiving 60 Gy (V60) were significantly 
associated with the development of severe (grade 3 or 
higher) AET (P < .05). The authors concluded that 
for patients being treated with concurrent chemo-
therapy, V60 is considered to be a useful parameter 
predicting the risk of severe AET after convention-
ally fractionated 3D-CRT for lung cancer.

Maguire et al. (8) evaluated the incidence, sever-
ity, and clinical/dosimetric predictors of acute and 
chronic esophageal toxicities in patients with NSCLC 
treated with high-dose conformal thoracic radiation 
treatment parameters included: median corrected dose 
78.8 Gy (range 64.2–85.6); twice-daily fractionation 
58 (64%); chemotherapy 43 (47%). At each axial level, 
the percentage of the esophageal circumference at 
each dose level was calculated. The length of circum-
ferential esophagus and the maximum circumference 
treated to doses >50 Gy were assessed. On univariate 
analyses, the effects of percent organ volume treated 
>50 Gy (P = .05), percent surface area treated >50 Gy 
(P = .05), length of 100% circumference treated >50 
Gy (P = .04), and maximum percent of circumference 
treated >80 Gy (P = .01) significantly predicted for 
late toxicity of all grades. On multivariate analysis, 
percent organ volume treated >50 Gy (P = .02) and 
maximum percent of circumference treated >80 Gy 
(P = .02) predicted for late toxicity.

Singh et al. (9) evaluated the incidence and 
 clinical/dosimetric predictors of acute and late RTOG 

grades 3 to 5 esophageal toxicity in patients with 
NSCLC treated with definitive 3D-CRT. The fol-
lowing patient and treatment parameters were stud-
ied: age, gender, race, performance status, sequential 
chemotherapy, concurrent chemotherapy, presence 
of subcarinal nodes, pretreatment weight loss, mean 
dose to the entire esophagus, maximal point dose to 
the esophagus, and percentage of volume of esopha-
gus receiving >55 Gy. The median prescription dose 
was 70 Gy. They found that concurrent chemother-
apy and the maximal esophageal point dose were 
significantly associated with a risk of grades 3 to 5 
esophageal toxicity. In patients who received concur-
rent chemotherapy, the threshold maximal esopha-
geal point dose for grades 3 to 5 esophageal toxicity 
was 58 Gy. An insufficient number of patients devel-
oped grades 3 to 5 esophageal toxicity in the absence 
of chemotherapy to allow a valid statistical analysis 
of the relationship between the maximal esophageal 
point dose and esophagitis.

Rose et al. (16) assessed published dosimetric 
parameters and toxicity data systematically looking 
at all published literature to define reproducible pre-
dictors of esophagitis. Eighteen published studies were 
suitable for analysis. Eleven of these assessed acute 
esophagitis, whereas the remainder assessed both 
acute and chronic esophagitis together. Heterogeneity 
of esophageal contouring practices, individual dif-
ferences in information reporting, and variability of 
esophagitis outcome definitions were assessed. They 
found the esophageal volumes receiving 35 and 60 Gy 
and area receiving 55 Gy to be the most common 
factors predicting for esophagitis. To summarize, in 
addition to the dosimetric factors outlined by Rose 
(16), use of concurrent chemotherapy, increased radi-
ation dose, and twice-daily radiation correlate with 
increased risk of acute and chronic esophagitis.

Management and Prevention of Toxicity

Symptom management of acute esophagitis include 
pain medication, empiric treatment for Candida, 
mucosal anesthetics, nutritional supplements, and 
if needed, feeding tubes. Sucralfate, a basic albu-
min salt of sucrose octasulfate used in treatment of 
duodenal ulcers, has been studied to see if it could 
also reduce esophagitis. McGinnis et al. (17) per-
formed a placebo-controlled double-blinded pro-
spective randomized study. Unfortunately, there was 
substantially increased incidence of gastrointestinal 
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toxicity (58% of sucralfate patients vs. 14% of pla-
cebo patients; P > .0001). Thus, no substantial benefit 
from the sucralfate was observed.

Amifostine (AM), a radioprotector, has also been 
studied with conflicting results (18,19). With some 
promising phase 2 data, RTOG 9801 (20) was initi-
ated for locally advanced NSCLC patients receiving 
hyperfractionated radiation with concurrent chemo-
therapy. In all, 243 patients with stage II to IIIA/B 
NSCLC received induction paclitaxel 225 mg/m2 
intravenously (IV) days 1 and 22 and carboplatin 
AUC days 1 and 22, followed by concurrent weekly 
paclitaxel (50 mg/m2 IV) and carboplatin (AUC 2), 
and hyperfractionated radiation therapy (69.6 Gy at 
1.2 Gy twice daily). Patients were randomly assigned 
to AM 500 mg IV four times per week or no AM 
during CRT. AM was associated with higher rates of 
acute nausea (P = .03), vomiting (P = .007), cardio-
vascular toxicity (P = .0001), and infection or febrile 
neutropenia (P = .03). The rate of grade ≥ 3 esophag-
itis was 30% with AM versus 34% without AM 
(P = .9). Patient diaries demonstrated lower swallow-
ing dysfunction AUC with AM (P = .025). Quality of 
life assessment was not significantly different between 
the two arms, except for pain, which showed more 
clinically meaningful improvement and less deterio-
ration at 6 weeks follow-up (vs. pretreatment) in the 
AM arm (P = .003). The study concluded that AM 
did not significantly reduce esophagitis grade 3 or 
worse in patients receiving hyperfractionated radia-
tion and chemotherapy.

Chronic toxicities can include esophageal stric-
ture, perforation, or fistula formation. These are quite 
rare. Strictures are usually circular or nearly circular 
(21). They are usually managed by esophageal dila-
tion using fluroscopic guidance. These procedures 
carry 0.3% risk of perforation, hemorrhage, and bac-
teremia. Since these tend to recur, repeat dilation or 
placement of stent is sometimes necessary. Esophageal 
perforation or fistula formation is a serious complica-
tion and is generally fatal. Stent placement, surgery, 
bowel rest, and IV antibiotics have been used with 
limited success.

Advances in treatment planning has also helped 
to reduce esophageal doses and, in turn, toxicity. 
Furthermore, omitting elective nodal irradiation 
(ENI) in lung cancer patients has helped to reduce 
field sizes and, in turn, reducing irradiated esopha-
geal volumes (22,23). With the use of 4-dimensional 
treatment planning, intensity-modulated radia-
tion therapy (IMRT) (Figure 1), and image-guided 

radiation therapy, treatment plans have improved 
with increasing data that it helps to reduce toxicity. 
Grills et al. (24) systematically evaluated four differ-
ent techniques of radiation therapy including IMRT, 
optimized 3D-CRT using multiple beam angles, 
limited 3D-CRT using only 2 to 3 beams, and tradi-
tional radiotherapy using ENI to treat the mediasti-
num. They found that IMRT was associated with a 
greater degree of heterogeneity within the target and, 
correspondingly, higher mean doses and tumor con-
trol probabilities, 7% to 8% greater than 3D-CRT, 
and 14% to 16% greater than ENI. They found the 
highest risks of pulmonary and esophageal toxicity 
with ENI. For node-positive cases, especially where 
the gross tumor volume was close to the esophagus, 
IMRT reduced the mean esophagus dose by 40% (vs. 
3D-CRT) and by 145% (vs. ENI). They concluded 
that both omitting ENI and use of IMRT for node-
positive, central tumors helped to decrease esopha-
geal doses and toxicity.

Pulmonary
Thoracic radiation carries risk of injury to the nor-
mal lung. Histopathology suggests a three-step pro-
cess (25). The first precedes clinical manifestation of 
radiation pneumonitis (RP) and is characterized by 
cell death with sloughing of type I pneumocytes and 
endothelial cells, release of surfactant, fibrin exuda-
tion in alveoli, decrease in macrophage counts, and 
occurrence of interstitial edema. The second step 
marks acute RP and is characterized by tissue reac-
tion and inflammation with hyperplasia of type II 
pneumocytes; increase in leukocyte, macrophage, 
and fibroblast counts; obstruction of endothelia; and 
increase in collagen and elastin connective tissue 
fibers. Finally, generalized fibrosis with loss of capil-
laries, thickening of alveolar septa, and narrowing of 
alveoli is seen. The mechanism of late injury is not 
completely understood. These toxicities are felt to be 
potentially related to cascade of cytokines and other 
factors, including TGF-β, IL-1α, IL-6, VEGF, and 
hypoxia, leading to progressive fibrosis (26–28).

Clinically, pulmonary toxicity can be divided 
into acute and chronic phases. Acute toxicity gen-
erally occurs between 6 weeks and 6 months after 
radiation. The incidence varies between 5% and 20% 
(29–31). Symptoms of fever, shortness of breath, 
pleuritic pain, and cough are reported. Chest radio-
graphs or computerized tomography may show an 
infiltrate. It generally responds well to corticosteroids 
given over several weeks. Antibiotics are often added 
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if fever develops. Chronic or late toxicity can occur 
months to years after treatment. This is caused by 
progressive radiation fibrosis and loss of lung func-
tion. Dyspnea and cough can occur. Often, corti-
costeroids and supplemental oxygen are required. 
Other rare late side effects, generally linked to high-
dose radiation or stereotactic body radiation therapy 
(SBRT) (32) include bronchial stenosis/obstruction, 
recurrent laryngeal nerve injury, and bronchomala-
cia. Toxicity scales used include the NCI-CTCAE 
and RTOG/EORTC (Table 2).

Patients should undergo pretreatment evalu-
ation including history and physical, imaging, and 
pulmonary function testing. Imaging can include 
computerized tomography, chest radiograph, posi-
tron emission tomography, and  ventilation/perfusion 
scans. The forced expiratory volume in 1 second 
(FEV1), forced vital capacity, and diffusion capacity 
are most commonly used parameters.

As opposed to surgical resection, radiation 
effects on pulmonary function are less predictable 
due to multiple factors. While surgical resection is 
anatomical, radiation fields and its effects are not. 
Changes that occur in the lung are often gradual, 
exacerbated by other medical conditions including 

continued smoking or worsening chronic obstruct-
ive lung disease. Lung function often improves if the 
tumor is obstructing an airway. If tumors are not 
controlled, continued tumor growth can also lead 
to pulmonary function loss. For these reasons, many 
medically inoperable patients with suboptimal lung 
function are often offered radiotherapy. Thus, there 
are no absolute contraindications to radiotherapy.

Numerous studies have analyzed risk factors for 
developing pulmonary toxicity (Table 3). Risk fac-
tors can be divided into pretreatment patient factors 
and treatment-related factors. Patient-related factors 
include performance status, age, tumor location, 
gender, and pretreatment pulmonary function tests. 
Robnett et al. (33) identified factors that may predict 
for severe RP. Of 144 evaluable patients, 12 (8.3%) 
experienced severe RP. The most significant factor 
predicting for severe RP was performance status (PS) 
(P < .003). The risk of severe RP was 16% for PS-1 
patients versus 2% for PS-0 patients. Women were 
significantly more likely to develop severe RP than 
men (P = .01). FEV1 was also significant (P = .03). 
No patient suffering severe RP had a pretreatment 
FEV1 > 2.0 L. The size and location of tumor is also 
important in determining risk. Treatment-related 

FIGURE 1 Intensity-modulated radiation therapy treatment planning to reduce esophageal dose.
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factors include use of chemotherapy, tumor location, 
mediastinal involvement, radiation dose, and radia-
tion planning dosimetry.

There are many chemotherapeutic agents that 
carry increased risk of pulmonary toxicity (34). These 
include bleomycin, cyclophosphamide, docetaxel, 
etoposide, gemcitabine, and paclitaxel. Combining 
chemotherapy with radiation (either sequentially or 
concurrently) can also increase risk. Arrieta et al. (35) 
reported on the efficacy and safety of gemcitabine 
concurrent with radiotherapy after induction chemo-
therapy with gemcitabine plus carboplatin for locally 
advanced NSCLC. Patients received carboplatin 

(AUC of 2.5) and gemcitabine (800 mg/m2), fol-
lowed by conventional fractioned thoracic radiother-
apy and concomitant weekly gemcitabine 200 mg/m, 
and followed by consolidation chemotherapy. High 
rates of grade 3–5 RP (6 of 19 patients, 31.6%) were 
observed, including one treatment- related death. This 
particular com bination was found too toxic to be 
considered safe.

However, many studies have not shown 
increased pulmonary toxicity with platinum-based 
regimens. Sause et al. (36) conducted a phase 3 trial 
for stage III NSCLC comparing the following regi-
mens: (a) standard radiation therapy, (b) induction 

TABLE 2 Pulmonary toxicity scales

Adverse Effect 1 2 3 4 5

Cough Symptomatic,  
no narcotics

Symptomatic,  
narcotics needed

Symptomatic Interferes with  
ADL

Dyspnea On exertion,  
1 flight of stairs OK

On exertion,  
unable to walk  
1 flight of stairs

Dyspnea with  
ADL

Dyspnea at rest 
intubation  
indicated

Death

Airway  
obstruction

Asymptomatic on  
exam, radiograph or  
endoscopy

Symptomatic,  
causing no  
distress-medical  
management  
indicated

Interfering w/ADL  
endoscopic  
intervention  
indicated

Life-threatening  
death airway  
compromise

Death

Pneumonitis Asymptomatic,  
Radiographic  
findings only

Symptomatic,  
not interfering  
with ADL

Symptomatic,  
interferes with  
ADL; oxygen  
indicated

Life-Threatening;  
ventilatory  
support indicated

Death

Pulmonary  
fibrosis

Minimal radiographic 
Changes; <25%  
lung volume

Patchy or bibasilar  
changes; 25 to <50%  
of total lung  
volume

Dense, widespread  
infiltrates;  
50%–75%

>75% of total  
lung volume;  
honeycombing

Death

RTOG/EORTC  
Late Toxicity Scale

Grade

0 1 2 3 4 5

None 
 
 
 
 
 

Asymptomatic or  
mild symptoms  
(dry cough); slight  
radiographic change  
 
 

Moderate  
symptomatic fibrosis  
or pneumonitis  
(severe cough);  
low-grade fever;  
patchy radiographic  
change

Severe  
symptomatic  
fibrosis or 
pneumonitis;  
dense  
radiographic  
changes

Severe respiratory  
insufficiency/  
continuous O2  
assisted  
ventilation  
effects 

Death  
directly  
related to 
radiation 
 
 

EORTC, European Organization for Research and Treatment of Cancer; RTOG, Radiation Therapy Oncology Group.
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chemotherapy followed by standard radiation ther-
apy, and (c) twice-daily radiation therapy. The pneu-
monitis rates were similar between treatment arms. 
Schaake-Koning et al. (37) randomly assigned 331 
patients with nonmetastatic inoperable NSCLC to 
one of three treatments: radiotherapy for 2 weeks 
(3 Gy given 10 times, in 5 fractions a week), followed 
by a 3-week rest period and then radiotherapy for 
2 more weeks (2.5 Gy given 10 times, 5 fractions a 
week); radiotherapy on the same schedule, combined 
with 30 mg of cisplatin per square meter of body-

surface area, given on the first day of each treatment 
week; or radiotherapy on the same schedule, com-
bined with 6 mg of cisplatin per square meter, given 
daily before radiotherapy. No increased rate of pul-
monary toxicity was observed.

Tumor-related factors and radiation planning/
dosimetry are intertwined risk factors. Tumor-
related factors include tumor size, tumor location, 
and mediastinal involvement. The greater the size of 
the radiation field required to encompass all disease, 
the higher the risk of affecting lung function. With 

TABLE 3 Radiation dosimetry and risks of radiation pneumonitis

 
 
Reference

 
Lung Injury  
Endpoint

V Dose Mean Lung Dose

Subgroup Rate (%) Subgroup (Gy) Rate (%)

Oetzel et al. (74) All grades ≤15  0
17.5–20 13
22.5–25 21
≥27.5 43

Graham et al. (75) Grade ≥ 2 V20 Gy < 22%  0 <10  0
V20 Gy 22–31%  0 11–20  9
V20 Gy 32–40% 13 21–30 24
V20 Gy > 40% 36 >30 25

Kwa et al. (76) Grade > 2 0–8  5
8–16 11
16–24 18
24–36 43

Hernando et al. (29) All grades V30 Gy ≤ 18%  6 <10 10
V30 Gy > 18% 24 10–20 16

21–30 27
>30 44

Tsujino et al. (77) Grade ≥ 2  
(hyperfractionated)

V20 Gy < 20%  0

V20 Gy 21–25%  7.1
V20 Gy 26–30% 25
V20 Gy > 31% 42.9

Tsujino et al. (78) Grade ≥ 2  
(once a day radiation)

V20 Gy < 20%  8.7

V20 Gy 21–25% 18.3
V20 Gy 26–30% 51
V20 Gy > 31% 85

Schallenkamp  
et al. (38)

Grade ≥ 2 V10 Gy<32%  5

V10 Gy 32–42% 15
V10 Gy 43–64% 45

Fay et al. (39) Grade ≥ 2 V30 Gy < 22% 10
  V30 Gy ≥ 22% 18   
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the advent of 3-dimensional radiation treatment 
planning, radiation doses can be compared with lung 
volumes. The dose volume histogram (DVH) created 
from the treatment plan allows physicians to deter-
mine how much of the lung is receiving a certain 
dose of radiation. Numerous studies have been able 
to take this information and translate it to sympto-
matic pneumonitis (Table 3).

Schallenkamp et al. (38) analyzed dosimetric 
parameters that correlated with the risk of clinically 
relevant RP after thoracic radiotherapy. DVHs using 
total lung volume (TL) and TL minus gross tumor 
volume (TL-G) were created with and without het-
erogeneity corrections. Mean lung dose (MLD), 
effective lung volume (V[eff]), and percentage of 
TL or TL-G receiving greater than or equal to 10, 
13, 15, 20, and 30 Gy (V10–V30, respectively) were 
analyzed by logistic regression. They determined V10 
and V13 as the best predictors of RP risk. They con-
cluded that treatment planning should attempt to 
reduce the volumes that receive 10 to 15 Gy.

Fay et al. (39) also did a similar analysis in 
patients undergoing radical radiotherapy for primary 
lung cancer. The records of 156 patients with lung 
cancer who had been treated with radical radiother-
apy (≥45 Gy) and for whom DVH data were available 
were reviewed. The incidence of symptomatic RP was 
correlated with a variety of parameters derived from 
the DVH data, including the volume of lung receiv-
ing 10 Gy (V [10]) through 50 Gy (V [50]) and the 
MLD. They concluded that V (30) and MLD can be 
used to predict the risk of RP in lung cancer patients 
undergoing radical radiotherapy.

SBRT has had increased use in the treatment 
of stage I/II NSCLC and in metastatic setting. This 
involves delivery of three to five sessions of 10 to 
20 Gy. The combination of central tumor location 
and high radiation doses can also lead to increased 
toxicity. Timmerman et al. (32) reported that in a 
cohort of SBRT patients receiving 60 Gy in 3 frac-
tions, patients treated for tumors in the peripheral 
lung had 2-year freedom from severe toxicity of 83% 
compared with only 54% for patients with central 
tumors. Song et al. (40) also found similar results. 
Doses of 10 to 20 Gy per fraction were delivered to 
the planning target volume (PTV) up to a total dose 
of 40 to 60 Gy with 3 to 4 fractions on consecutive 
days. Of nine patients with centrally located tumors, 
three (33%) experienced grades 3 to 5 pulmonary 
toxicities. Eight patients showed partial or complete 
bronchial stricture and secondary loss of normal 

lung volume. Median time to bronchial stricture was 
20.5 months. They concluded that SBRT should not 
be given to central lung tumors because it can cause 
the late major airway toxicities in some patients.

To help minimize toxicity, a number of strat-
egies have been used. This includes improving tumor 
definition with 4-dimensional treatment planning 
and PET/CT. Different techniques have also been 
used to improve the radiation treatment planning 
and delivery. This includes incorporation of IMRT, 
particle beam radiation therapy, image-guided radi-
ation delivery, and respiratory gating. In lung cancer, 
eliminating ENI to subclinical sites has also greatly 
enhanced the ability to deliver higher doses of radi-
ation while reducing radiation doses to normal tis-
sues including lung.

Grills et al. (24) systematically evaluated four 
different techniques of radiation therapy used to treat 
NSCLC and to determine their efficacy in meeting 
multiple normal-tissue constraints while maximizing 
tumor coverage and achieving dose escalation. He 
compared IMRT, optimized 3D-CRT using mul-
tiple beam angles, limited 3D-CRT using only 2 to 
3 beams, and traditional radiotherapy using ENI to 
treat the mediastinum. In node-positive cases, IMRT 
reduced the lung volume receiving 20 Gy (V20) and 
mean dose by approximately 15% and lung normal 
tissue complication probability by 30%, compared 
with 3D-CRT. The reductions were even greater as 
compared with patients treated with ENI. They found 
IMRT is of limited additional value (compared with 
3D-CRT) in node-negative cases. When meeting all 
normal-tissue constraints in node-positive patients, 
IMRT can deliver radiotherapy doses 25% to 30% 
greater than 3D-CRT and 130% to 140% greater 
than standard therapy with ENI.

Vlachaki et al. (41) reported on the dosimetric 
impact of gated CT plans on tumor and surround-
ing normal tissues in patients with primary thoracic 
malignancies. Ten patients underwent treatment 
planning with gated and nongated CT at Wayne 
State University. Gated CT images were obtained 
at full inspiration, expiration, and at the 25th, 50th, 
and 75th percentile of respiratory effort. PTV margin 
for nongated and gated plans was 1.5 cm and 0.5 cm, 
respectively. The tumor prescription dose was 60 to 
70 Gy at 2 Gy per fraction. They found that the aver-
age PTV was 292.68 mL for gated and 575.17 mL for 
nongated plans. Gated plans resulted in higher mini-
mum PTV doses and comparable mean and maxi-
mum doses when compared with nongated plans. 
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Volumes of lung receiving doses of 20 and 10 Gy or 
above were 26.26% and 30.96% for gated plans and 
34.82% and 40.16% for nongated plans (P < .0001). 
Gated plans resulted in lower mean lung, esophageal, 
and heart doses compared with nongated plans (P ≤ 
.003). They concluded that 4-dimensional computed 
tomography (4D-CT) respiratory gating significantly 
decreases target volumes and normal tissue dosing. 
With the emerging image-guided radiation therapy 
technology, 4D-CT treatment planning may be used 
for radiation dose escalation with tighter radiation 
fields and has the potential for improving outcomes 
in patients with thoracic malignancies.

Chang et al. (42) compared DVHs in patients 
with NSCLC treated by photon or proton radiother-
apy. DVHs were compared between photon, includ-
ing 3D-CRT, IMRT, and proton plans at doses of 
66 or 87.5 Gy in stage I (n = 10) and 60–63 or 74 
Gy in stage III (n = 15). For stage I, the mean total 
lung V5, V10, and V20 were 31.8%, 24.6%, and 
15.8%, respectively, for photon 3D-CRT with 66 
Gy, whereas they were 13.4%, 12.3%, and 10.9%, 
respectively, with proton with dose escalation to 
87.5 cobalt Gray equivalents (CGE) (P = .002). For 
stage III, the mean total lung V5, V10, and V20 were 
54.1%, 46.9%, and 34.8%, respectively, for photon 
3D-CRT with 63 Gy, whereas they were 39.7%, 
36.6%, and 31.6%, respectively, for proton with 
dose escalation to 74 CGE (P = .002). In all cases, 
the doses to lung, spinal cord, heart, esophagus, and 
integral dose were lower with proton therapy even 
compared with IMRT. These authors concluded that 
proton treatment appears to reduce dose to normal 
tissues significantly, even with dose escalation, com-
pared with standard-dose photon therapy, either 
3D-CRT or IMRT.

Spinal Cord
Radiation-induced myelopathy is fortunately an 
extremely rare complication from radiation ther-
apy. Signs and symptoms are generally subtle and 
 progressive occurring months after treatment. Early 
symptoms can include Lhermitte sign, paresthesias, 
numbness, loss of coordination, and diminished 
proprioception. Late symptoms include progressive 
weakness, hemiparesis, pain, and spasticity. Physical 
exam reveals hyperreflexia, decreased sensation, 
weakness, and positive Babinski sign. Toxicity scores 
(Table 4) are based on the National Cancer Institute 
Common Terminology Criteria for Adverse Events 
version 3.0 (NCI-CTC v.3.0) and  LENT-SOMA 

scales (43). Typically half of the patients develop 
symptoms within 20 months and 75% within 30 
months (43). Pathologically, demyelination, white 
matter necrosis, and corticospinal malacia are 
observed, presumably due to microvascular injury 
and loss of oligodendrocyte cells (44).

Diagnosis is usually made once other factors are 
excluded. Other potential causes include local tumor 
progression, new metastasis, or trauma. Workup can 
include magnetic resonance imaging (MRI), nerve 
conduction studies, and cerebral spinal fluid exam-
ination. Wang et al. (45) reported on seven patients 
who developed myelopathy. The first MRI study was 
performed 1 to 4 months after the initial clinical 
manifestations of myelopathy and follow-up MRI 2 
to 22 months after the onset of symptoms. On the 
first study, all patients showed low signal intensity 
in a long segment of the spinal cord on T1-weighted 
images, high signal on T2*-weighted images, and 
focal contrast enhancement. Seventy-one percent 
of patients also had swelling of the spinal cord. The 
site of eccentric focal contrast enhancement cor-
related with the clinical manifestations. Follow-up 
imaging less than 10 months after the onset of 
symptoms showed no significant changes in sig-
nal intensity. Atrophy of the spinal cord without 
abnormal signal and with faint contrast enhance-
ment was revealed as early as 10 months after the 

TABLE 4 Myelitis toxicity scales

NCI-CTC v.3.0

Grade 1  asymptomatic, mild signs (Babinski or 
Lhermittes sign).

Grade 2  Symptomatic (weakness or sensory loss), not 
interfering with activities of daily living (ADL).

Grade 3  Symptomatic (weakness or sensory loss), 
interfering with activities of daily living (ADL).

Grade 4 Disabling.
Grade 5 Death.
LENT-SOMA

Grade 1 mild sensory deficits, no pain.
Grade 2  moderate sensory deficits, tolerable pain, mild 

weakness.
Grade 3  continuous paresthesia, incomplete motor 

paresis, pain medication required.
Grade 4: Complete motor paresis, intractable pain, muscle 
atrophy.
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onset of symptoms, but the contrast enhancement 
disappeared by 22 months. There was no correlation 
between clinical manifestations and spinal cord 
atrophy on MRI. Cerebral spinal fluid examination 
is generally normal, though increase in protein and 
white blood cells can be observed. Spinal nerve con-
duction velocities are reduced (46).

Doses of 45 to 50.4 Gy delivered over 25 to 28 
treatments have generally been accepted to be safe 
with myelopathy risks of <1% (43,47,48). Schultheiss 
et al. (43) estimated the 5-year 5% incidence of 
myelopathy to be 57 to 61 Gy and 5-year 50% inci-
dence to be 68 to 73 Gy. The length of cord irradiated 
was not prognostic. Factors that can increase risk of 
developing myelopathy include the concurrent use of 
chemotherapy, larger fraction sizes, and use of multi-
ple fractions per day (43,49–51).

Survival is dependent on the location of the 
lesion and the length of latent period between treat-
ment and onset of symptoms. Schultheiss et al. (52) 
reported that patients with cervical lesions had lower 
survival rates as compared with thoracic locations. 
They found mortality rates of 55% at 18 months 
for cervical lesions and 25% at 18 months for tho-
racic lesions. The degree of transaction is also prog-
nosis with complete transaction faring worse (53). 
Patients with a shorter latent period also did worse. 
Unfortunately, there are no effective treatments for 
reversing radiation myelitis. High-dose corticoster-
oids can give temporary relief by treating spinal cord 
edema. Hyperbaric oxygen and anticoagulation has 
been examined with limited success (54,55).

Brachial Plexus
Brachial plexopathy has been reported as a result of 
treatment for breast cancer, lymphoma, head and 
neck cancer, and lung cancer. It is generally a late 
complication from radiation. Damage may be due to 
either direct effects on the nerve or radiation-induced 
fibrosis causing compression of the nerves (56,57). 
Differentiating tumor growth versus radiation-
 induced plexopathy (RIP) can be difficult. Kori 
et al. (58) reported on 100 cases of plexopathy to 
determine which clinical criteria helped differentiate 
tumor from radiation injury. Severe pain occurred in 
80% of tumor patients but in only 19% of patients 
with radiation injury. The lower trunk (C7–8, T1) 
was involved in 72% of the tumors, and 32% also 
had epidural tumors. Seventy-eight percent of the 
radiation injuries affected the upper plexus (C5–6). 
Horner syndrome was more common in tumor, and 

lymphedema in radiation injury. They concluded that 
painless upper trunk lesions with lymphedema sug-
gest radiation injury, and painful lower trunk lesions 
with Horner syndrome imply tumor infiltration. The 
upper plexus vulnerability to radiation is possibly due 
to a longer length of nerve exposed during radiation 
and lesser amount of tissue within the occipital tri-
angle. The lower trunk has a shorter course and is 
protected by the clavicle (59).

The time interval between radiation exposure 
and development of RIP is generally >12 months 
with reported neuropathies occurring 5 to 15 years 
posttreatment (60,61). Symptoms can include par-
esthesias, muscular atrophy, hyporeflexia, pain, and 
weakness. Toxicity scales used include CTCAE v.3.0 
and LENT-SOMA (Table 5).

Workup includes history and physical, electro-
myography (EMG), CT and MRI. EMG generally 
reveals a reduction conduction velocity and ampli-
tude with an increase in latency (56,59). Imaging is 
generally performed to rule out tumor recurrence 
or progression. Hoeller et al. (57) investigated MRI 
features of RIP and radiation-induced fibrosis fre-
quently associated with RIP. They identified seven 
patients with late radiation sequelae in the supra-
clavicular region were examined with MRI after a 
median interval of 7 years following radiotherapy 
and 4 to 7 years after the onset of RIP. All patients 
were relapse-free at the time of MRI. Fibrosis and 
RIP were scored clinically (RTOG classification). 

TABLE 5 Brachial plexopathy toxicity scale

CTCAE v.3.0

Grade 1 Asymptomatic.
Grade 2  Symptomatic, not interfering with activities of 

daily living.
Grade 3  Symptomatic, interfering with activities of 

daily living.
Grade 4 Disabling.
Grade 5 Death.
LENT-SOMA

Grade 1 Mild sensory deficits, no pain
Grade 2  Moderate sensory deficits, tolerable pain, mild 

weakness
Grade 3  Continuous paresthesia, incomplete motor 

paresis, pain medication required
Grade 4  Complete motor paresis, intractable pain, 

muscle atrophy
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Fibrosis of the supraclavicular and/or axillary region 
was marked in three and mild in two patients. RIP 
was mild, marked, and severe in two patients each. 
The brachial plexus appeared normal in all patients, 
but subtle changes of adjoining tissue (slight, linear 
signal intensity in T2-weighted images or contrast 
enhancement surrounding the plexus) were detected 
in patients with RIP (n = 4/6) and the patient with-
out RIP (n = 1). However, alterations of the soft tissue 
(marked signal intensity in T2-weighted sequences) 
correlated well with the clinical degree of fibrosis and 
were restricted to areas of marked to severe fibrosis 
(n = 3/3). The authors concluded that reliable MRI 
signs of RIP could not be identified. The severity 
of fibrosis closely corresponded to MRI features. 
Therefore, the key role of MRI in the diagnostic 
workup of RIP is to exclude tumor relapse.

High radiation doses, dose per fraction, over-
lapping radiation fields, increased dose to the axilla 
in thinner patients, and use of concurrent chemo-
therapy are all risk factors for developing plex-
opathy. Emami et al. found the TD 5/5 (tolerance 
dose causing injury to 5% of patients in 5 years) to 
be 60 Gy delivered in conventional fractionation 
(1.8/2  Gy / day) (47). Forquer et al. reported (62) on 
frequency of brachial plexopathy in early-stage api-
cal NSCLC treated with stereotactic body radiother-
apy. Two-year Kaplan-Meier risk of brachial plexopa-
thy for maximum brachial plexus dose greater than 
26 Gy was 46% vs. 8% for doses 26 Gy (P = .04 for 
likelihood ratio test). They concluded that stereotac-
tic body radiotherapy for apical lesions carries a risk 
of brachial plexopathy. Brachial plexus maximum 
dose should be kept <26 Gy in 3 or 4 fractions.

Higher doses per fraction to the axilla were also 
found to put the brachial plexus at risk. Powell et al. 
(63) examined 449 breast cancer patients treated with 
postoperative radiotherapy to the breast and lymph 
nodes between 1982 and 1984 have been followed for 
3 to 5.5 years. Two different fractionation schedules 
were used. The calculated dose to the brachial plexus 
was 45 Gy in 15 fractions or 54 Gy in 30 fractions. 
These schedules are equivalent doses using the stand-
ard NSD formula. The diagnosis of a brachial plexus 
injury was made clinically and CT was used to dis-
tinguish radiation injury from recurrent disease. The 
actuarial incidence of a radiation-induced brachial 
plexus injury for the whole group was 4.9% at 5.5 
years. No cases were seen in the first 10 months fol-
lowing radiotherapy. The incidence rises between 1 
and 4 years and then starts to plateau. When the large 

fraction size group is compared with the small fraction 
size group the incidence at 5.5 years is 5.9% and 1.0%, 
respectively (P = .09). The authors concluded that 
using large doses per fraction are less well tolerated 
by the brachial plexus than small doses per fraction; a 
commonly used fractionation schedule such as 45 Gy 
in 15 fractions may give unacceptably high brachial 
plexus morbidity; and the use of small doses per frac-
tion or avoiding lymphatic irradiation is advocated.

Unfortunately, if plexopathy develops, there are 
limited effective treatment options available. This 
first step is to rule out disease progression as the cause 
of symptoms. If there is evidence of tumor relapse, 
palliative radiation may be of benefit. However, if 
the clinical and radiographic appearances are con-
sistent with radiation-induced brachial plexopathy, 
therapy is limited to symptomatic management. 
Hyperbaric oxygen and surgical nerve transfer have 
been attempted with minimal success (64,65).

Cardiovascular Disease
Due to advances in chemotherapy, radiation, and 
surgery, survival rates for many thoracic malignan-
cies are improving. However, with improving sur-
vival, increased risks of cardiovascular disease are 
observed. This is mostly seen in patients with long 
natural history such as Hodgkin disease and breast 
cancer. Toxicities including coronary artery disease, 
myocardial fibrosis, valvular disease, arrhythmias, 
congestive heart failure, and pericarditis have been 
reported (66–69). The risks due to cancer therapy 
are also further compounded by additional factors 
including hypercholesterolemia, smoking, obesity, 
hypertension, and increasing age.

Radiation-related side effects generally occur 
late, months to years after treatment. Emami et al. 
(47) found the TD 5/5 (tolerance dose causing injury 
to 5% of patients in 5 years) to be 60 Gy to 1/3 of 
heart, 45 Gy to 2/3 of heart and 40 Gy to the whole 
heart delivered in conventional fractionation (1.8/2 
Gy/day). Most of the available data comes from treat-
ment of breast cancer and Hodgkin disease where 
long survival rates are observed. It should be noted 
that much of the available data on toxicity comes from 
patients treated with older radiation techniques, older 
chemotherapies, and with larger treatment fields than 
used today. Demirci et al. (67) looked at newer and 
older breast radiation trials. The trials were defined 
as “older” (patient accrual start year before 1980) 
and “modern” (patient accrual start year in or after 
1980) to segregate the trials and assess the treatment 
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era effect. A 10-year follow-up duration was used as 
a cutoff to segregate and analyze trials with varying 
lengths of follow-up. They analyzed 19 published 
reports of patients treated between 1968 and 2002 
(5 randomized controlled trials, 5 single- or multi-
institutional studies, and 9 national cancer registry 
database reviews). In the reviewed trials, all the older 
trials reported excess cardiac toxicity, typically with a 
median of >10 to 15 years of follow-up. However, the 
vast majority of modern radiotherapy trials had shorter 
median follow-up durations, typically ≤10 years and 
did not report an excess toxicity risk. The modern 
studies lacked longer follow-up. They concluded that 
additional follow-up is needed to ensure that modern 
methods effectively reduce cardiac toxicity.

Chemotherapy causing cardiac toxicity has also 
been extensively studied, particularly of anthracy-
clines. Toxicity is dose dependent and cumulative. 
Lefrak et al. (70) reported a 30% incidence of con-
gestive heart failure in 399 patients receiving more 
than 550 mg/m2. Other chemotherapies associated 
with increased risks of cardiac toxicity include mitox-
antrone, cyclophosphamide, paclitaxel, 5-flurouracil, 
and trastuzumab (66,71–73).

Most treatment strategies focus on prevention. 
Calculations of DVHs give the radiation oncologist 
a better understanding of doses to the heart. Staying 
below accepted limits for chemotherapy doses also 
helps to minimize toxicity. Reducing other risk fac-
tors such as smoking, exercise, and nutrition also are 
helpful.

c o n c lu s i o n ■

Cancer treatment for thoracic malignancies has 
improved in recent years. The incorporation of impro-
ved chemotherapies, radiation treatment  planning/
delivery, and surgical techniques has given patients 
a chance at improved survival. However, they have 
also introduced new challenges in managing toxicities 
from treatment. A better understanding of radiation 
and chemotherapy effects has allowed treating physi-
cians to focus on strategies to prevent toxicity.
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ACA. See Adenocarcinoma
Accelerated hyperfractionation, 46, 53, 62, 89
11C-Acetate-PET

for thymomas, 215
See also Positron emission tomography

ACTH. See Ectopic adrenocorticotropic hormone 
production syndrome

Acute radiation pneumonitis, 8
See also Pneumonitis

Adenocarcinoma (ACA), 2, 27, 116
definitive CRT(chemoradiotherapy), 143, 144t
of esophagus, 176, 177t

risk factors of, 179t
gastroesophageal junction, 174
papillary, 2
prognosis of, 149
See also Lung cancer; Non–small cell lung cancer

Adjuvant chemoradiotherapy
for esophageal cancer, 148–149
followed by surgery for esophageal cancer, 198
See also Chemoradiotherapy; Neoadjuvant 

chemoradiotherapy
Adjuvant chemotherapy

for early-stage NSCLC, 121–122
followed by surgery for esophageal cancer, 197–198
post-operative, 83–98
for thymomas, 218
See also Chemotherapy; Neoadjuvant chemotherapy

Adriamycin
for thymomas, 219

Adult respiratory distress syndrome (ARDS), 152
Advanced non–small cell lung cancer

systemic chemotherapy for, 123–130
duration of, 125
histology, impact of, 126
maintenance therapy, 125–126
response to, 130, 131f

See also Non–small cell lung cancer
Alkaloids

for advanced NSCLC, 124
Altered radiation fractionation

for limited stage small cell lung cancer, 46–49,  
48t, 49f

Alternating cycles of regimens, 46, 47, 51
Alzheimer’s disease, 74

Amifostine
for acute esophagitis, 227

Analgesics
for dyspnea, 72

Anastomosis
cervical, 164, 166t
intrathoracic, 164, 166t
of proximal esophageal stump, 169f

Angiogenesis inhibitors
for advanced NSCLC, 127–128

ANP. See Atrial natriuretic peptide syndrome
Antidepressants

for dyspnea, 72
Anxiolytics

for dyspnea, 72
ARDS. See Adult respiratory distress syndrome, 152
Atrial natriuretic peptide (ANP) syndrome, 41

BAC. See Bronchioloalveolar carcinoma
Barrett’s esophagus, 181
Basaloid carcinoma, 2
BED. See Biologically effective dose
Bevacizumab

for advanced NSCLC, 126, 127–128
Bilobectomy

for non–small cell lung cancer, 103
Biologically effective dose (BED)

for limited stage small cell lung cancer, 48, 48t, 49
for symptomatic chest disease, 68, 69t

Biopsy, 43, 76, 147, 215
endobronchial, 26, 93
excisional, 103
fine needle aspiration, 216
percutaneous needle, 117
transbronchial, 117
transthoracic needle, 26
Wang needle, 26

Bisphosphonates
for skeletal pain, 71

Bleomycin, 230
for esophageal cancer, 181

Brachial plexopathy, 234–235
Brachytherapy

for dyspnea, 72
high dose rate, 89–93, 90t, 92t
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Brain metastases
chemotherapy for, 74
multiple, 74
oligometastatic (2–4 metastases), 73–74, 76
recurrent, 74
solitary/single, 72–73
See also Metastasis(es)

BRCA-1
mutations in advanced NSCLC, 130

BRCA-2
mutations in advanced NSCLC, 130

Bronchioalveolar carcinoma, 2, 116
Bronchodilators

for dyspnea, 72
Bronchoscopy

for locally advanced NSCLC, 26
for non–small cell lung cancer, 102

Carboplatin, 230
for acute esophagitis, 228
for advanced NSCLC, 124, 125, 127
for early-stage NSCLC, 121
for extensive-stage/recurrent small cell lung cancer, 60
for thymomas, 219

Cardiovascular disease, 235–236
Cervical anastomosis, 164, 166t

See also Anastomosis
Cetuximab

for advanced NSCLC, 127
for esophageal cancer, 186–187

Chemoradiotherapy
adjuvant, 148–149
definitive, 143–145, 144t
for early-stage NSCLC, 6, 9

toxicity, 9
for malignant pleural effusions, 122
neoadjuvant, 145–148, 146t, 148f
See also Radiation therapy

Chemotherapy
for brain metastases, 74
for limited stage small cell lung cancer, 50–51

sequencing and timing of, 44–45
for malignant pleural effusions, 122
for thymomas, 218–219

Chest x-ray (CXR)
for locally advanced NSCLC, 25

Cisplatin
for advanced NSCLC, 124, 126, 128
for early-stage NSCLC, 121
for esophageal cancer, 143, 155, 181, 184–185
for extensive-stage/recurrent small cell lung  

cancer, 59
for locally advanced NSCLC, 27, 122, 123
for small cell lung cancer, 133
for thymomas, 218, 219

CK-7. See Cytokeratin 7
CK-20. See Cytokeratin 20
Clear cell carcinoma, 2

Clinical tumor volume (CTV)
in radiation therapy

early-stage NSCLC, 11
esophageal cancer, 151–152
for locally advanced NSCLC, 33–34

See also Target volumes
c-myc gene

mutations in lung cancer, 117
Computed tomography (CT)

for early-stage NSCLC, 13
for extensive-stage/recurrent small cell lung  

cancer, 61
for limited stage small cell lung cancer, 43, 51
for locally advanced NSCLC, 25–26
for non–small cell lung cancer, 102
for thymomas, 214

Conventional radiotherapy
for early-stage NSCLC, 4–6, 5t

dose and fractionation, 5
target volumes in, 11, 12t
toxicity, 8–9

Corticosteroids
for dyspnea, 72

Craniotomy
for oligometastatic brain disease, 73

CT. See Computed tomography
CTCAE v.3.0 toxicity scales, 230t
CTV. See Clinical tumor volume
Cushing’s syndrome, 41
CXR. See Chest x-ray
Cyberknife system, 10, 13
Cyclophosphamide, 230

for extensive-stage/recurrent small cell lung cancer, 60
for locally advanced NSCLC, 122
for thymomas, 218, 219

Cytokeratin 7 (CK-7), 27
Cytokeratin 20 (CK-20), 27

da Vinci Surgical System, 105
Definitive chemoradiotherapy (CRT)

for esophageal cancer, 143–145, 144t
See also Chemoradiotherapy

Dexamethasone
for epidural cord compression, 75

Distant metastatic disease (DM), 83, 84, 96
DLCO, 102–103

for early-stage NSCLC, 120
DM. See Distant metastatic disease
Docetaxel, 230

for advanced NSCLC, 124, 125, 126, 129
Doxorubicin

for extensive-stage/recurrent small cell lung  
cancer, 60

for metastatic esophageal cancer, 181
for thymomas, 218, 219

Dysphagia, 150
Dyspnea

palliation of, 69t, 71–72
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Early-stage non–small cell carcinoma of lung
radiotherapy for, 1–17

epidemiology, 1
future directions, 16–17
pathology, 2
staging, 2
techniques, 11–14
therapy, 3–8
toxicity, 8–11
treatment algorithm, 14–16, 16t

systemic therapy for, 120–122
See also Non–small cell lung cancer

Eaton-Lambert myasthenic syndrome, 120
EBUS. See Endobronchial ultrasound
ECC. See Epidural cord compression
Ectopic adrenocorticotropic hormone production 

syndrome (ACTH), 41
153Sm-EDTMP. See Ethylene diamine tetramethylene 

phosphonate
EGFR gene

mutations in advanced NSCLC, 126–127, 128–129
EML4-ALK gene

mutations in lung cancer, 117
Endobronchial ultrasound (EBUS)

for non–small cell lung cancer, 102
Endobronchial biopsy, 26, 93

See also Biopsy
Endoscopic ultrasound (EUS)

for lung cancer, 118
transesophageal, 102

Endoscopic ultrasound-guided FNA biopsy (EUS-FNA)
for thymomas, 216
See also Fine needle aspiration biopsy

Epidural cord compression (ECC), 75
Epipodophyllotoxins

for advanced NSCLC, 124
Epirubicin-based therapy, 182

for esophageal cancer, 182
ERCC1 (excision repair cross-complementing Group 1)

mutations in advanced NSCLC, 130
Erlotinib

for advanced NSCLC, 126, 129
Esophageal cancer, 141–156

anatomy of, 175
epidemiology of, 174–175
evaluation of, 181
molecular biology of, 176–178, 177t, 178t
natural history of, 176
pathology of, 142, 161, 175–176
radiotherapy for, 142–156

adjuvant chemoradiotherapy, 148–149
controversises of, 155
definitive CRT, 143–145, 144t
dose, 152
future research, 155–156
neoadjuvant chemoradiotherapy, 145–148,  

146t, 148f
normal tissue constraints, 152–153

palliation, 149–150
prognostic factors, 149
side effects and complications of, 153–155
simulation, 150–151
target volumes, 151–152
treatment algorithm for, 155, 156f
treatment planning, 153

risk factors of
alcohol, 178–179
Barrett’s esophagus, 181
demographics, 179
diet, 179
disorders, 180
gastroesophageal reflux disease, 181
infection, 179–180
medications, 180–181
obesity, 181
prior malignancies, 180
tobacco, 178–179
tylosis, 179

staging of, 142, 181
surgery for. See Esophagectomy

for Lung cancer (refer to surgical paper)
systemic therapy in non-surgical candidates, 181–190

epirubicin-based therapy, 182
fluoropyrimidine-based therapy, 182, 184–185
irinotecan-based therapy, 186
metastatic esophageal cancer, 181–182, 183–184t
oxaliplatin-based therapy, 185–186
radiation for inoperable esophageal cancer, 188, 190
second-line therapy, 188, 189t
targeted therapy, 186–188
taxane-based therapy, 185

systemic therapy in surgical candidates, 190–198
adjuvant chemoradiotherapy, 198
adjuvant chemotherapy, 197–198
induction chemoradiotherapy, 193–195
induction chemotherapy, 195–197
neoadjuvant chemoradiotherapy, 191–193, 192t

Esophagectomy, 161–170
anastomotic location, 164, 166t, 169f
conduit to replace resected esophagus

colon, 163, 165f
Jejunum, 163–164, 165f
stomach, 163, 163f, 164f

extent of lymph node dissection, 168–170, 169f
four-field, 153, 154f
minimally invasive, 166, 168
patient selection for, 162–163
results of, 170, 170f
three-field, 153
transhiatal, 165, 166f
transthoracic (Ivor Lewis), 165–166, 166f
three-field, 166f, 168

Esophagitis, 9, 50–51
Ethylene diamine tetramethylene phosphonate  

(153Sm-EDTMP)
for skeletal pain, 71
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Etoposide, 230
for extensive-stage/recurrent small cell lung cancer, 60
for locally advanced NSCLC, 122, 123
for metastatic esophageal cancer, 181
for small cell lung cancer, 133
for thymomas, 218, 219

EUS. See Endoscopic ultrasound
EUS-FNA. See Endoscopic ultrasound-guided FNA 

biopsy
Exactrac/Novalis Body system, 13
Exercise testing

for early-stage NSCLC, 120
Extensive stage small cell lung cancer

versus limited stage small cell lung cancer, 42–43
management of, 59–60
non-CNS radiotherapy for, 60–64

External beam thoracic radiation therapy
for dyspnea, 72
for local and regional recurrent NSCLC, 86–89, 87t

reirradiation after prior thoracic radiation,  
93–97, 94t

See also Thoracic radiation therapy

Fatigue, 9
FDG-PET. See Fluorodeoxyglucose positron emission 

tomography
Fine needle aspiration (FNA) biopsy

for thymomas, 216
See also Biopsy

5-Fluorouracil (5-FU)
for esophageal cancer, 143, 155
for metastatic esophageal cancer, 181

5-FU. See 5-Fluorouricil
Fluorodeoxyglucose positron emission tomography 

(FDG-PET)
for lung cancer, 118
for thymomas, 215
See also Positron emission tomography

Fluoropyrimidine-based therapy
for esophageal cancer, 182, 184–185

FNA. See Fine needle aspiration biopsy
4D-CT. See 4-Dimensional computed tomography
4-Dimensional computed tomography (4D-CT)

for early-stage NSCLC, 11, 12
for radiation pneumonitis, 232
See also Computed tomography

Four-field esophagectomy, 153, 154f
See also Esophagectomy

Fragile histidine triad gene (FHIT) gene
mutations in lung cancer, 117

Gastroesophageal junction adenocarcinoma, 174
See also Adenocarcinoma

Gastroesophageal reflux disease, 181
Gefitinib

for advanced NSCLC, 126, 127
Gemcitabine, 230

for advanced NSCLC, 124, 126, 128

GPA. See Graded Prognostic Assessment
Graded Prognostic Assessment (GPA), 74
Gross tumor volume (GTV)

in radiation therapy
early-stage NSCLC, 11, 14
esophageal cancer, 151
for locally advanced NSCLC, 32–33

See also Target volumes
GTV. See Gross tumor volume

HDR-BT. See High dose rate brachytherapy
Helical tomotherapy

for early-stage NSCLC, 13
High dose rate brachytherapy (HDR-BT)

for endobronchial recurrence after thoracic radiation, 
89–93, 90t, 92t

See also Brachytherapy
Hopkins Verbal Learning Test (HVLT), 73
Horner syndrome, 234
H-ras gene

mutations in lung cancer, 117
HVLT. See Hopkins Verbal Learning Test
Hypercalcemia, 120

Ifosfamide
for locally advanced NSCLC, 122
for thymomas, 218

IGRT. See Image-guided radiotherapy
Image-guided radiotherapy (IGRT)

for early-stage NSCLC, 12
See also Radiation therapy

IMRT. See Intensity-modulated radiation  
therapy

Induction chemoradiotherapy
for esophageal cancer, 193–197

with irinotecan-based regimens, 194
with paclitaxel-based regimens, 194
with cisplatin alone, 194
with 5-fluorouracil alone, 195

for locally advanced NSCLC, 28
See also Chemoradiotherapy

Intensity-modulated radiation therapy (IMRT)
for acute esophagitis, 228, 229f
for early-stage NSCLC, 12
for esophageal cancer, 153
for radiation pneumonitis, 232, 233
See also Radiation therapy

Internal target volume (ITV)
in radiation therapy

early-stage NSCLC, 11, 14
esophageal cancer, 152
locally advanced NSCLC, 34–35

See also Target volumes
Intraoperative tumor spillage, 105–106
Intrathoracic anastomosis, 164, 166t

See also Anastomosis
Iphosphamide

for thymomas, 219



Index  243

Irinotecan-based therapy
for advanced NSCLC, 124
for esophageal cancer, 186
for extensive-stage/recurrent small cell lung cancer, 59
for small cell lung cancer, 133

ITV. See Internal target volume

K-ras gene
mutations in lung cancer, 117

Lambert-Eaton syndrome, 42
Large cell carcinoma

with rhabdoid features, 2
LENT-SOMA toxicity scale, 233t, 234t
Limited stage small cell lung cancer, 39–55

biologic characteristics/molecular biology, 40–41, 40t
chemotherapy, 51

sequencing and timing of, 44–45
clinical manifestations of, 41–43
versus extensive stage small cell lung cancer, 42–43
pathology of, 40
pathways of, 40
patient’s evaluation of, 41–43
primary therapy for, 43–44
prophylactic cranial irradiation for, 52–53, 54
surgery for, 51–52
thoracic radiotherapy for, 44–51

altered radiation fractionation, 46–49, 48t, 49f
clinical trials of, 54
controversies of, 54
dosing of, 45–49
normal tissue toxicity of, 50–51
sequencing and timing of, 44–45
target volumes in, 49–50
treatment algorithm for, 53–54

See also Small cell lung cancer
Lobectomy

for early-stage NSCLC, 121
Locally advanced non–small cell lung cancer, 21–36, 

22t, 23t
diagnosis of, 26–27
etiology of, 23, 24–25f
particle therapy for, 36
pathology of, 26–27
presenting complaints of, 23–25
radiotherapy for, 27–36

combined with chemotherapy, 28–30, 30t
dosing, 30
versus observation, 27
prophylactic cranial irradiation, 30–32
versus sequential chemotherapy, 27–28
treatment planning, 35–36

systemic therapy for, 122–123
thoracic radiotherapy, treatment planning of

simulation, 32
target volumes, 32–35

workup, 25–26
See also Non–small cell lung cancer

Lomustine
for extensive-stage/recurrent small cell lung  

cancer, 60
Lung cancer

classification of, 116t
clinical features of, 119–120, 120t
diagnosis of, 117–118
molecular pathology of, 116–117
non–small cell. See non–small cell lung cancer
oncogenes mutations in, 117
pathology of, 116
risk factors for, 115–116, 115t
small cell. See small cell lung cancer
staging of, 118, 119t, 120t
systemic therapy for, 120–132
tumor suppressor genes mutations in, 117

Lung fibrosis, 9
Lymphoepithelioma-like carcinoma, 2

Magnetic resonance imaging (MRI)
for locally advanced NSCLC, 26
for lung cancer, 118
for thymomas, 214–215

Malignant pleural effusions, 53, 122
Mediastinal lymph node dissection, 105
Mediastinoscopy

for non–small cell lung cancer, 102, 106, 118
for small cell lung cancer, 42, 134

Medical Intelligence BodyFIX system, 13
Memantine

for Alzheimer’s disease, 74
Metastasis(es)

brain
multiple, 74
oligometastatic (2–4 metastases), 73–74, 76
recurrent, 74
solitary/single, 72–73

liver, 77–79, 78f
lung, 76, 77f
skeletal, 69t, 71
spine, 76–77, 78f

Metastatic esophageal cancer
systemic therapy for, 181–182, 183–184t
See also Esophageal cancer

Methotrexate
for metastatic esophageal cancer, 181

MIE. See Minimally invasive esophagectomy
Minimally invasive esophagectomy (MIE), 166, 168

See also Esophagectomy
Minimally invasive surgery

for non–small cell lung cancer, 103–105
for thymomas, 216–217
See also Surgery

Mitomycin-C
for advanced NSCLC, 124
for locally advanced NSCLC, 122
for metastatic esophageal cancer, 181

MRI. See Magnetic resonance imaging
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Multimodality treatment
for thymomas, 219

Multiple brain metastases, 74
See also Brain metastases; Metastasis(es)

NCI-CTCAE acute toxicity scale, 226t, 234t
NCI-CTC v.3.0 toxicity scale, 233t
Neoadjuvant chemoradiotherapy

for esophageal cancer, 145–148, 146t, 191–193, 192t
evaluation of response, 147–148, 148f

See also Adjuvant hemoradiotherapy; 
Chemoradiotherapy

Neoadjuvant chemotherapy
for early-stage NSCLC, 121
for locally advanced NSCLC, 122, 123
See also Adjuvant chemotherapy; Chemotherapy

Non–small cell lung cancer (NSCLC)
advanced, 106–107, 123–130, 131f
early-stage, 1–17, 106, 120–122
future research, 130–131
locally advanced, 21–36, 22t, 23t, 106, 122–123
operative risk stratification, 102–103
preoperative staging in, 101–102
surgery for, 103–106

intraoperative tumor spillage, 105–106
mediastinal lymph node dissection, 105
palliation, 108
positive resection margins, 106
resection, extension of, 105
robotic-assisted surgery, 104–105
VATS lobectomy, 103–104, 104f

systemic therapy for, 120–132
TNM classification system, 102t
See also Lung cancer

Normal tissue toxicity
esophagus, 152–153, 225–236

management and prevention of, 227–236
 brachial plexus, 234–235
 cardiovascular disease, 235–236
 pulmonary, 228–233
 spinal cord, 233–234
scales for, 225, 226t

limited stage small cell lung cancer, 50–51
N-ras gene

mutations in lung cancer, 117
NSCLC. See Non–small cell lung cancer

Obesity, 181
Oligometastatic brain disease (2–4 metastases),  

73–74, 76
See also Brain metastases; Metastasis(es)

Oncogenes
mutations in lung cancer, 117
See also Proto-oncogenes

Opioids
for dyspnea, 72

Oxaliplatin-based therapy
for esophageal cancer, 185–186

Paclitaxel, 230
for acute esophagitis, 228
for advanced NSCLC, 124, 125, 127, 128
for early-stage NSCLC, 121, 123

Palliative radiotherapy
for esophageal cancer, 149–150
for lung cancer, 67–79

brain metastases, 72–74
ongoing and future research, 76–79
spinal cord compression, 75
symptomatic disease, 68–72

See also Radiation therapy
Papillary adenocarcinoma, 2

See also Adenocarcinoma
Paraneoplastic syndromes, 119–120
Particle therapy

for locally advanced NSCLC, 36
Patient controlled analgesia (PCA)

for non–small cell lung cancer, 104
PCA. See Patient controlled analgesia
PCI. See Prophylactic cranial irradiation
PDT. See Photodynamic therapy
Pemetrexed

for advanced NSCLC, 124, 126, 128, 129
Percutaneous image-guided FNA biopsy

for thymomas, 117, 216
See also Fine needle aspiration biopsy

PET. See Positron emission tomography
PET-CT. See Positron emission tomography:with 

computed tomography
p53 gene

mutations in lung cancer, 117
PFT. See Pulmonary function testing
Phosphatase and tensin homolog (PTEN ) gene

mutations in lung cancer, 117
Photodynamic therapy (PDT)

for endobronchial recurrence after thoracic  
radiation, 93

Planning target volume (PTV)
in radiation therapy

early-stage NSCLC, 6, 11, 14
esophageal cancer, 152
locally advanced NSCLC, 35

See also Target volumes
Platinum-based chemotherapy

for advanced NSCLC, 122, 125, 126, 129
for limited stage small cell lung cancer, 50
See also Chemotherapy

Pneumonectomy
for early-stage NSCLC, 121
for non–small cell lung cancer, 103

Pneumonitis, 8–9, 152
acute radiation, 8
radiation, 228–232
symptomatic, 9

Positron emission tomography (PET)
with computed tomography (PET-CT)

for esophageal cancer, 147, 151
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for lung cancer, 117–118
for non–small cell lung cancer, 102

for esophageal cancer, 147–148
for extensive-stage/recurrent small cell lung  

cancer, 61
for limited stage small cell lung cancer, 43, 51
for locally advanced NSCLC, 25–26
for thymomas, 215–216

Post-operative adjuvant radiation therapy, 83–98
for local and regional recurrent NSCLC, 84–86

early stage, 83–84
re-operation, 86

See also Adjuvant radiation therapy
Post-operative salvage radiation therapy

for local and regional recurrent NSCLC, 86–89, 87t
re-operation, 86

See also Radiation therapy
Prednisone

for thymomas, 219
Prophylactic cranial irradiation (PCI)

for extensive-stage/recurrent small cell lung cancer, 
61–64

for limited stage small cell lung cancer, 52–53, 54
for locally advanced NSCLC, 30–32

Proto-oncogenes
mutations in esophageal adenocarcinoma, 177t
See also Oncogenes

PTV. See Planning target volume
Pulmonary function testing (PFT)

for early-stage NSCLC, 3, 9, 121
Pulmonary toxicity, 228–233

Radiation pneumonitis (RP), 228–232
acute, 8
dosimetry and risks of, 231t
target volumes in, 232
See also Pneumonitis

Radiation therapy
for early-stage NSCLC, 1–17
for epidural cord compression, 75
for esophageal cancer, 142–156
for extensive-stage small cell lung cancer, 60–64
for limited stage small cell lung cancer, 44–51
for locally advanced NSCLC, 21–36
for palliation of lung cancer, 67–79
for recurrent small cell lung cancer, 60–64
systemic therapy with, for inoperable esophageal 

cancer, 188, 190
thoracic, 32–35, 44–51, 68, 133
for thymomas, 218
See also Chemoradiotherapy

Radiation-induced myelopathy, 233
Recurrent brain metastases, 74

See also Brain metastases; Metastasis(es)
Recurrent small cell lung cancer

management of, 64
non-CNS radiotherapy for, 60–64
See also Small cell lung cancer

Retinoblastoma (RB) gene
mutations in lung cancer, 117

Rhenium-186
for skeletal pain, 71

Robotic-assisted surgery
for non–small cell lung cancer, 104–105
See also Surgery

Robotic-assisted thymectomy, 217
See also Thymectomy

RP. See Radiation pneumonitis
RRM1 (ribonucleotide reductase M1)

mutations in advanced NSCLC, 130
RTOG/EORTC toxicity scale, 226t

S-1
for esophageal cancer, 184–185

Salvage therapy
post-operative

for local and regional recurrent NSCLC, 86–89, 87t
for small cell lung cancer, 134

Samarium-153
for skeletal pain, 71

SBRT. See Stereotactic body radiotherapy
SCC. See Squamous cell carcinoma
SCLC. See Small cell lung cancer
SIADH. See Syndrome of inappropriate secretion of 

antidiuretic hormone
Simulation techniques

for esophageal cancer, 150–151
for locally advanced NSCLC, 32

Skeletal pain
palliation of, 69t, 71

Sleeve lobectomy
for non–small cell lung cancer, 103

Small cell carcinoma (SCC), 2
Small cell lung cancer (SCLC), 132–134

limited stage, 39–55
recurrent, 60–64
salvage therapy for, 134
staging of, 132
surgery for, 134
systemic chemotherapy for, 132–133
thoracic radiation therapy for, 133
See also Lung cancer

Smoking
and early-stage NSCLC, 1

Solitary/single brain metastasis, 72–73
See also Brain metastases; Metastasis(es)

Sorafenib
for advanced NSCLC, 128

Spinal cord compression, 75
Spinal cord toxicity, 233–234
Sputum testing

for locally advanced NSCLC, 26
Squamous cell carcinoma (SCC), 27

definitive CRT, 143–145, 144t
of esophagus, 175

risk factors of, 179t
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Squamous cell carcinoma (SCC)—(continued)
prognosis of, 149

SRS. See Stereotactic radiosurgery
Stereotactic body radiotherapy (SBRT)

for central tumors, 15f
for early-stage NSCLC, 6-8, 7t

radiobiologic considerations in, 8
setup, localization, and delivery of, 12–14
target volumes, planning, and dosimetry,  

14, 16t
toxicity, 9-11

for liver metastases, 77–79
for local and regional recurrent NSCLC, 97
for lung metastases, 76
for metastatic spine disease, 76–77
for peripheral tumors, 15f
for radiation pneumonitis, 232

Stereotactic radiosurgery (SRS)
for multiple brain metastases, 74
for oligometastatic brain disease, 73, 74
for recurrent brain metastases, 74
for solitary/single brain metastasis, 73
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for thymomas, 220

Steroids
for early-stage NSCLC, 9
for epidural cord compression, 75

Strontium-89
for skeletal pain, 71

Sunitinib
for advanced NSCLC, 128

Superior vena cava syndrome, 63–64
Surgery

for early-stage NSCLC, 3–4
for epidural cord compression, 75
for esophageal cancer, 161–170
for limited stage small cell lung cancer, 51–52
for non–small cell lung cancer, 103–106
for small cell lung cancer, 134
for solitary/single brain metastasis, 73
for thymomas, 216–218

clinical outcomes after resection, 217–218
Symptomatic chest disease

palliation of, 68, 70f
dose/fractionation recommendations for, 69t

Symptomatic disease, palliation of, 68–72
dyspnea, 69t, 71–72
skeletal pain, 69t, 71
symptomatic chest disease, 68, 69t, 70f

Symptomatic radiation pneumonitis, 9
See also Pneumonitis; Radiation pneumonitis

Syndrome of inappropriate secretion of antidiuretic 
hormone (SIADH), 41

Systemic therapy
for esophageal cancer, 173–199

in non-surgical candidates, 181–190
in surgical candidates, 190–198

for NSCLC, 120–132

Target volumes
in radiation therapy

early-stage NSCLC, 11, 12t, 14, 16t
esophageal cancer, 151–152
limited stage small cell lung cancer, 49–50
local and regional recurrent NSCLC, 97
locally advanced NSCLC, 32–35, 33f

Taxane-based therapy
for esophageal cancer, 185

Thoracic radiation therapy (TRT)
for limited stage small cell lung cancer, 44–51
for locally advanced NSCLC

simulation, 32
target volumes, 32–35

for small cell lung cancer, 133
for symptomatic chest disease, 68
See also Radiation therapy

Thoractomy
for small cell lung cancer, 42

3D-CRT. See 3-Dimensional conformal  
radiotherapy

3-Dimensional conformal radiotherapy (3D-CRT)
for acute esophagitis, 227
for early-stage NSCLC, 6
for radiation pneumonitis, 232, 233

Three-field esophagectomy, 153, 166f, 168
See also Esophagectomy

Thymectomy
robotic-assisted, 217
transcervical, 217
VATS, 217

Thymomas, 211–220
diagnosis of

invasive diagnostic tools, 216
noninvasive diagnostic tools, 214–216

future research, 220
histopathological classification systems of, 212–214, 

213f, 213t, 214f
prognostic factors in, 219–220
staging of, 212t, 214
structure and function of, 212
therapy, 216–219
treatment algorithm, 215f

Thyroglobulin Transcription Factor 1 (TTF-1), 27
Topotecan

for small cell lung cancer, 134
Transbronchial biopsy, 26

See also Biopsy
Transcervical thymectomy, 217

See also Thymectomy
Transesophageal endoscopic ultrasound (EUS)

for non–small cell lung cancer, 102
See also Endoscopic ultrasound

Transhiatal esophagectomy, 165, 166f
See also Esophagectomy

Transthoracic (Ivor Lewis) esophagectomy,  
165–166, 166f

See also Esophagectomy
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Transthoracic needle biopsy (TTNA)
for locally advanced NSCLC, 26
See also Biopsy

TRT. See Thoracic radiation therapy
TS (thymidylate synthase)

mutations in advanced NSCLC, 130
TTF-1. See Thyroglobulin Transcription Factor 1
TTNA. See Transthoracic needle biopsy
β-Tubulin

mutations in advanced NSCLC, 130
Tumor suppressor genes

mutations in esophageal adenocarcinoma, 178t
mutations in lung cancer, 117

Tyrosine kinase inhibitors
for esophageal cancer, 187

Vascular endothelial growth factor (VEGF)
for esophageal cancer, 187–188
mutations in advanced NSCLC, 128

VATS. See Video-assisted thoracoscopic surgery
VATS thymectomy, 217

See also Thymectomy
VEGF. See Vascular endothelial growth factor
Video-assisted thoracoscopic surgery (VATS)

for early-stage NSCLC, 121

for lung cancer, 118
for non–small cell lung cancer, 103–104, 104f
See also Surgery

Vinblastine
for locally advanced NSCLC, 28, 122

Vincristine
for extensive-stage/recurrent small cell lung cancer, 60
for thymomas, 218

Vindesine
for locally advanced NSCLC, 122

Vinorelbine
for advanced NSCLC, 124, 128

Wang needle biopsy, 26
See also Biopsy

WBRT. See Whole-brain radiotherapy
Whole-brain radiotherapy (WBRT)

for multiple brain metastases, 74
for non–small cell lung cancer, 108
for oligometastatic brain disease, 73, 74
for recurrent brain metastases, 74
for small cell lung cancer, 62–63, 108
for solitary/single brain metastasis, 73
See also Radiation therapy

Will Rogers phenomenon, 43
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