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FoREWORD 

Lung cancer is a major scourge in our time and a significant problem in public 
health. It is a self-inflicted disease in most cases and, paradoxically, that neo­
plasm, which claims millions oflives each year around the world, could be easily 
eradicated by smoking cessation. 

Therefore, any undertaking in the area of lung cancer-except primary pre­
vention-may be more part of the problem than part of the solution. However, 
for many reasons, it is unrealistic to believe that smoking cessation will occur 
tomorrow, including the addictive properties of tobacco smoking and cynical 
governmental polices, among many others. Therefore, we will be facing increas­
ing numbers of patients with lung cancer in the coming years and, as physicians, 
we will have to take care of them. This is the reason why any significant help to 
those who are confronted with this complex and awful disease, such as this 
comprehensive textbook, is more than helpful. 

Lung cancer management is clearly a multidisciplinary approach going from 
diagnosis and staging to various therapies; significant advances have been 
accomplished here. These latter encompass the development of new active 
agents, the neoadjuvant approach, and the concurrent chemotherapy-radio­
therapy treatments. Even more exciting are new developments emerging from 
our deepened understanding of the molecular biology of lung tumors. New 
therapeutic possibilities are already provided through the EGF-receptor antago­
nists and the antiangiogenesis factors; many more similar agents are to show up 
in a near future, possibly bringing totally new concepts of therapy for that dis­
ease. Therefore, it is particularly important to integrate basic laboratory knowl­
edge with the clinical expertise in the information here being provided to lung 
cancer physicians. 
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PREFACE 

Lung cancer remains a worldwide healthcare problem. Major efforts in the 
preventive arena in recent years will have an effect on mortality from lung 
cancer in coming years, but much more must be accomplished. Screening tech­
nologies must be improved, studies of dietary factors affecting the genesis of 
lung cancer should be completed, and physicians must participate more 
aggressively in smoking cessation education for their patients. Prevention will 
have the most dramatic effect on mortality from lung cancer, but the research 
and medical community must commit themselves to embrace this concept more 
rigorously. 

Certainly, our understanding of the molecular pathogenesis of carcinoma of 
the lung has expanded greatly and serves as a nidus for the development of 
future therapies and preventive measures. Advances in our understanding of the 
progressive accumulation of molecular defects in the process of tobacco-induced 
carcinogenesis should result in a variety of creative interventions to inhibit or 
correct the molecular pathology now being elucidated. The problem is a com­
plex one, however, and thus progress has been slower than expected in this area. 

Newer therapies have included the development of more potent chemo­
therapy, use ofbiologic and molecular modification, improved radiotherapeutic 
techniques, and application of refined surgical procedures. Prolongation in sur­
vival has been demonstrated through the application of these therapies in 
patients with both small cell and non-small cell carcinoma of the lung. 
Multidisciplinary approaches to the treatment of stage IliA non-small cell car­
cinoma of the lung have resulted in decreased mortality and are being used with 
increased frequency for the treatment ofthis malignancy. More well-designed, 
randomized clinical trials will be needed in the future and answers to questions 
posed today require time to resolve. Translational research offers significant 
hope for better outcomes, but we must continue to train clinicians who can 
bridge the gap between bench research and clinical trials. 

Cancer of the Lung: From Molecular Biology to Treatment Guidelines was 
designed for oncologists and general internists who diagnose and treat patients 
with lung cancer. Our goal was to develop a text that would make the molecular 
biology of lung cancer understandable, while providing the current approaches 
to the diagnosis, evaluation, and treatment of this disease. We have attempted 
to include not only those approaches that have been rigorously tested, but also 
those currently are being evaluated in both the laboratory and the clinic. 
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viii Preface 

The section on practice guidelines was included to educate the reader in the 
methodology for the creation of these guidelines and provide an understanding 
of how they are used in clinical practice. The use of practice guidelines offers 
the possibility of improving clinical outcomes while lowering healthcare costs. 
Although this has yet to be demonstrated definitively, their introduction into 
practice by third party payers has provided an impetus for increased education 
of physicians in this area. In addition, the role of practice guidelines in malprac­
tice litigation is discussed as well as their future role as it affects the care of your 
patients. 

The contributing authors have done an excellent job of presenting the most 
current information possible within the limitations of our publishing schedule. 
The primer on molecular biology is a readily understandable guide for the prac­
ticing physician and the discussions of new approaches to treatment of carci­
noma of the lung provide a view of promising treatments on the horizon. 

I hope the reader will use this book as a reference tool and access it often. 
Although information changes quickly in this highly technological age, I trust 
that this text will serve as a basis for your understanding of this subject as we 
enter the new millennium. 

Alan B. Weitberg, MD 

Professor and Chairman 
Department of Medicine 

Roger Williams Medical Center 
Providence, RI 

Boston University School of Medicine 
Boston, MA 
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Incidence and Etiology
Shifting Patterns

1

Kim Josen, MD, Richard Siegel, MD,
and David Kamp, MD
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1. INTRODUCTION

Lung cancer is the leading cause of cancer death in men and women world-
wide (1). Shifting trends in the incidence of lung cancer closely follow the
patterns of cigarette smoking, although other carcinogens have been implicated.
Despite intensive investigation over the past several decades, the 5-yr lung-cancer
survival rate remains a dismal 8–14%. This chapter reviews the recent trends in
the epidemiology and etiology of lung cancer.

2. INCIDENCE

2.1. Worldwide
In 1990, there were 1.04 million new cases of lung cancer worldwide, of which

772,000 were males and 265,000 were females (1). Bronchogenic carcinoma
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is the most common invasive cancer (1). It comprises 13% of all new cancers
worldwide. The age-standardized incidence for lung cancer in 1990 was 37.5 and
10.8 per 100,000 in males and females, respectively (1). The worldwide inci-
dence of lung cancer in males and females is shown in Fig. 1. Because the
prevalence of cigarette smoking is higher in developed nations, it is not surpris-
ing that 58% of new cases occurred in these countries. The highest rates of bron-
chogenic carcinoma are in North America and Europe; the lowest rates are in
Africa (Fig. 1). It is estimated that in 1995, smoking caused 86% of male lung
cancers and 49% of female lung cancers worldwide. The changing incidence of
lung cancer is closely related to patterns of cigarette consumption. It appears that
the incidence of lung cancer is decreasing in the United States and in Northern
and Western Europe, and is increasing in Southern and Eastern European males.
The incidence of lung cancer in women from western countries is increasing,
although the peak may have already been achieved in the United Kingdom (1).

2.2. United States
In the United States, it was projected that of the 1.2 million new cases of inva-

sive cancer diagnosed in 1999, 14% (171,600) would be bronchogenic carcino-
mas (1). Of these new cases, 94,000 were projected to occur in males. Lung

Fig. 1. Incidence of lung cancer in males and females by world region. Adapted from Parkin
KM, Pisani P, Ferlay J. Global Cancer Statistics. A Cancer Journal for Clinicians, 1999 (1).
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cancer accounts for 15% of new cancers in men, second only to prostate cancer.
A reduction in the incidence of bronchogenic carcinoma occurred in males in the
late 1980s. A further decline occurred from 1990 to 1995, when male lung cancers
decreased approx 2.3% per year (Fig. 2). It is estimated that 77,600 new cases
of lung cancer will occur in women in 1999. Lung cancer is second to breast can-
cer (176,300) as the most common cancer in women, accounting for 13% of can-
cers (1). From 1973 to the early 1990s, the incidence of lung cancer in women
increased, mostly the result of increased cigarette consumption in the second half
of the twentieth century. There is some indication, however, that rates of lung
cancer are currently stabilizing in women (Fig. 2)

The age-adjusted incidence of lung cancer by race is illustrated in Fig. 3.
Between 1990 and 1995, the incidence of lung cancer for African Americans and
white Americans was 75 compared with 56.4 per 100,000 respectively, primarily
because of the difference in male lung-cancer rates. Specifically, the incidence of
lung cancer in African American males was 114.4 vs 74.3 per 100,000 for white
American males. African American males have the highest rates of lung cancer
compared with all racial and ethnic groups. They are 1.5 times more likely than
white men, 2.8 times more likely than Hispanics, and 4.5 times more likely than
Native Americans to develop cancer of the lung. The incidence of lung cancer

Fig. 2. Incidence of lung cancer in US males and females: 1975–1995. Rates are per 100,000
and are age-adjusted to the 1970 US standard population. Data Source: National Cancer
Institute Surveillance, Epidemiology, and End Results Program, 1998.
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in African and white American women are about equal. These two groups of
women, however, are three times more likely than Native Americans and two
times more likely than Hispanics to develop lung cancer (Fig. 3).

3. MORTALITY AND SURVIVAL

3.1. Worldwide
In 1990, the lung-cancer mortality was 921,000, or 18% of all cancer mortality

(1). Of the total lung-cancer deaths, 75% were men and 25% were women. In
1990, the age-standardized mortality rate for men and women was 33.7 vs 9.2 per
100,000, respectively. The 5-yr lung-cancer survival rate in Europe and devel-
oping countries is 8% (1).

3.2. United States
It was projected that in 1999 there would be 563,100 cancer deaths in the

United States, with 28% from lung cancer. Of the projected 158,900 lung-cancer
deaths, estimates were 90,900 for men and 68,000 for women. The mortality rate
for African American men between 1990 and 1995 was greater than for white
American men (102 vs 70.7 per 100,000) (1). Lung-cancer deaths account for a
higher percentage of cancer deaths because of the rising incidence and poor
survival rates (2). Notably, lung-cancer deaths exceed the combined sum of the

Fig. 3. Age-adjusted incidence of lung cancer by race and ethnicity, United States, 1990–1995.
Data Source: National Cancer Institute’s Surveillance, Epidemiology, and End Results
Program, 1998.
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three most common causes of cancer deaths (3) (Table 1). Although in 1987,
bronchogenic carcinoma surpassed breast cancer as the leading cause of cancer
death in women, the lung-cancer mortality rate appears to be stabilizing. Despite
these grim statistics, age-adjusted lung cancer deaths in men decreased 1.6% per
year between 1990 and 1995 (Fig. 4).

The overall lung-cancer 5-yr survival between 1974 and 1994 increased from
12–14% (Fig. 5). This improvement, however, is apparent only in the white pop-
ulation. African Americans continue to have an 11% 5-yr survival rate.

Table 1
Top Four Cancers in the United States, 1999:

Incidence and Mortality

Primary site of cancer No. of new cases No. of deaths

Lung 171,600 158,900
Colorectal 129,400 56,600
Breast 176,300 43,700
Prostate 179,300 37,000

Data Source: American Cancer Society, 1999.

Fig. 4. Age-adjusted mortality for female and male lung cancer and female breast cancer:
1930–1995. Rates are per 100,000 population and are age-adjusted to the 1970 US standard
population. Data Source: Vital Statistics of the United States, 1997.
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4. RISK FACTORS

The etiologies of lung cancer can be divided into modifiable and unmodifi-
able risk factors. The unmodifiable risks include gender, African American race,
and genetic predisposition. The modifiable factors include exposure to tobacco
smoke, environmental tobacco smoke, occupational lung carcinogens, air pol-
lution, and diet. Some underlying lung diseases also increase the risk of lung
cancer.

5. UNMODIFIABLE RISK FACTORS

5.1. Gender
The male predominance of lung cancer is a result of the substantial smoking

habits of males compared to females (4). When differences in smoking initiation,
duration, and intensity are adjusted, male and female lung-cancer rates are more
comparable (4). There is some evidence, however, that female smokers and non-
smokers may have a higher susceptibility to lung cancer than males (5–10). Life-
time nonsmoking females have between two and seven times the risk of developing
lung cancer than male nonsmokers (5–7,11). The increased susceptibility is also
apparent in smokers. Female smokers have a sharper increase in the risk of lung
cancer, with increasing cigarette consumption compared to male smokers (7,10).

Fig. 5. Five-year lung cancer survival (%) is improving in whites more than African Amer-
icans. *Difference between 1974 and 1989 is statistically significant p < 0.05. Data Source:
National Cancer Institute’s Surveillance, Epidemiology, and End Results Program, 1998.
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Studies reveal an odds ratio of between 1.2 and 1.7 for lung cancer in female
smokers compared to males (8–10). Zang and Wynder have proposed some
possible explanations for this increased susceptibility, including lower metab-
olism of tobacco constituents in females, variations in the cytochrome P-450
enzymes, and possibly estrogen effects on tumor development (11).

5.2. Race
Although cigarette smoking is usually the cause of lung cancer, the racial dis-

parity in lung-cancer incidence and mortality is not entirely related to differences
in smoke exposure. In 1965, the prevalence of smoking in African American males
was 59.6% as compared to 51.3% in white American males (12). African Ameri-
can males, however, smoked fewer cigarettes per day than white American males
(12). Over the next 20 yr, the prevalence of male smoking has become more
equal. In 1995, the prevalence of smoking in African American males was 28.8%
compared to 27.1% for white American males (13). The smoking prevalence for
African and white American females was 23.5% and 24.1%, respectively (13).
Therefore, factors other than smoke exposure must influence the incidence and
mortality of lung cancer in the African American population.

Genetic differences in lung-cancer susceptibility have been the focus of exten-
sive study. CYP1A1 is a gene that codes for some of the enzymes involved in the
metabolism of polynuclear aromatic hydrocarbons (PAHs). PAHs are carcino-
gens that are abundant in cigarette smoke, coke, coal gasification, and diesel
exhaust. There is some evidence that a CYP1A1 variant allele is associated with
increased rates of lung cancer in African American smokers (14). A recent study,
however, refuted this hypothesis after examining DNA samples in a large popu-
lation of African American males (15).

Compared to white and Hispanic Americans, African Americans have higher
serum cotinine levels when adjusted for all levels of smoking (16). This finding
suggests that the metabolism of nicotine, and perhaps other tobacco-related
carcinogens, differs in African Americans. Higher cotinine levels may also explain
the higher cigarette addiction rate, and thus, the lower rates of smoking cessation
in African Americans compared to other racial groups (17).

A number of epidemiologic studies have investigated the effect of socioeco-
nomic status on lung cancer in African Americans (18–20). After adjusting for
income, education, and percent of population living below the poverty level, the
racial differences in lung-cancer incidence were reduced or eliminated. The
effect of socioeconomic status not only applies to African Americans, but to all
Americans. Specifically, patients in the highest income decile are 45% more
likely to receive curative surgery for stage I disease and 102% more likely to sur-
vive 5 yr than those in the lowest income decile (21). This finding suggests that
poverty, and perhaps reduced access to healthcare, partly explain the high inci-
dence of lung cancer in African American males.
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Historically, Native Americans have had a reduced incidence of lung cancer
(22). The low incidence of lung cancer in Native Americans was believed to be
the result of a low prevalence of cigarette smoking. Recent evidence demon-
strates that Native Americans have the highest smoking prevalence of all racial
and ethnic groups (37.3% in males and 35.4% in females) (13,23,24). The expla-
nation for the lower rate of lung cancer in Native Americans is unknown, but
probably relates to other genetic, environmental, and occupational factors.

5.3. Genetic Predisposition
A genetic predisposition to lung cancer is suggested by the observation that

between 10% and 15% of smokers develop lung cancer. Therefore, considerable
investigative efforts have explored genetic predisposing risk factors. Familial
clustering of bronchogenic carcinoma occurs. Samet found that a history of lung
cancer in a parent resulted in over a fivefold increased risk of lung cancer in the
patient (25). Shaw and colleagues retrospectively compared patients with lung
cancer to age-matched community controls, and found an odds ratio for lung
cancer of 1.8 (95% CI: 1.3–2.5) for those with at least one first-degree relative
with lung cancer (26). The increased risk was directly proportional to the number
of affected first-degree relatives. The risk associated with spousal cancer was
significant for small-cell carcinoma, a finding that may reflect shared smoking
habits. Finally, McDuffie found that 30% of patients with lung cancer had more
than two relatives with cancer compared to 23% of controls (27).

A genetic prevalence of lung cancer also applies to lifetime nonsmoking
patients. After controlling for confounding factors like second-hand smoke, sev-
eral studies have concluded that the risk of lung cancer in nonsmoking patients
increases with the number of first-degree relatives with cancer (28–31). The ele-
vated risk varies from 30% and 70%, depending upon the number of relatives
affected, the level of smoke exposure, and whether the first-degree relative is a
parent, sibling, or child (28–31).

6. MODIFIABLE RISK FACTORS

6.1. Smoking
Smoking is by far the leading cause of lung cancer, and accounts for 85% of

lung cancers in males (32). In fact, most lung cancers would be prevented if
people did not smoke. In the first half of the twentieth century, there was an enor-
mous increase in mortality rates from bronchogenic carcinoma in males (Fig. 4).
In 1950, the first retrospective case-controlled studies implicating tobacco smoke
exposure were published in the United States (33) and in the United Kingdom
(34). In 1964, the Surgeon General concluded that cigarette smoke causes lung
cancer in men (35), and in 1980 conclusive evidence was also reported in women
(36). The risk of lung cancer increases with the duration of smoking, the number
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of cigarettes smoked per day, the depth of inhalation, and the tar content (32,35–
37). Lung-cancer risk is inversely related to the age of smoking initiation (35,37).
The average smoker has a 10-fold increased risk of developing lung cancer
compared with nonsmokers (32,36); the risk for heavy smokers is greater than
or equal to 15–25 times that of a nonsmoker for developing lung cancer (32,36).
The risk decreases with increasing years of smoking cessation (17,32,36). The
risk of lung cancer in pipe and cigar smokers is less than in cigarette smokers,
but greater than for nonsmokers (35,38). There is conflicting evidence in the
medical literature regarding the comparative lung-cancer risks of cigar and pipe
smoking. Some studies suggest that pipe smokers have a greater relative risk for
lung cancer than cigar smokers (39). Others note that differences in inhalation
may explain a higher relative risk in cigar smokers (40).

The prevalence of smoking has decreased over the last 30 yr (Fig. 6). How-
ever, this decline in smoking is more the result of increased rates of cessation
than decreased rates of initiation. The number of new smokers in the United States
increased from the 1980s to 1996 (41). In 1996, 1.85 million people became daily
smokers, and 1.26 million of them were less than 18 years old. On the other hand,
23.3% of adults were former smokers in 1995, compared to 13.6% in 1965 (41).
Smoking prevalence varies inversely with years of education, age (after 25–44),
and poverty level (41). Between World War I and the 1960s, there was an explosion
in cigarette consumption in the United States (42) (Fig. 6). The peak prevalence

Fig. 6. Smoking prevalence among male and female adults: 1930–1997. Data Source:
National Health Interview Surveys: 1965,1966, 1970, 1974, 1978, 1979, 1980, 1983, 1985,
1987, 1988, 1990, 1991, 1992, 1993, 1994, 1994. Behavioral Risk Factor Surveillance
System (BRFSS) 1996, 1997. United States Surgeon General, 1980: 1930–1960.
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of male smokers occurred in the 1940s and 1950s. In females, the peak smoking
prevalence occurred in 1965, when an estimated 33.9% of the US female popula-
tion smoked cigarettes (43). Therefore, peak female smoking prevalence occurred
about 25 yr after males. It is expected that peak female mortality will occur 25–
30 yr after the peak male lung-cancer mortality, which occurred in the mid-1980s
(44). The mortality rate for women will probably be lower than for men, because
the peak smoking prevalence for women has always been lower. Women have also
had lower-risk smoking behaviors than men. Specifically, females are more
likely to smoke fewer cigarettes, inhale less, and start smoking later in life (36).
Finally, the peak smoking prevalence for females occurred after the widespread
availability of filtered cigarettes. Thus, women smoked more filtered, low-tar
cigarettes than men (36).

Cigarette smoke is an aerosol composed of volatile agents in the vapor phase,
and semi- and nonvolatiles in the particulate phase (43). 95% of the smoke of
nonfiltered cigarettes is composed of 400–500 individual compounds in the gas
phase. The remaining 5% of cigarette smoke is “tar,” which is composed of over
3,500 individual components in the particulate phase. When tobacco burns, the
residue that forms is the “tar.” Although tar contains many known carcinogens,
PAHs and tobacco-specific n-nitrosamines (TSNAs) are believed to be the lead-
ing causes of lung cancer (43,45,48). There is increasing evidence that smokers of
low-tar cigarettes have a reduced risk of developing lung cancer than smokers
of regular cigarettes (32,39,46,47). Unfortunately, smokers of low-tar cigarettes
tend to smoke more cigarettes (46).

6.2. Environmental Tobacco Smoke (ETS)
ETS consists of side-stream smoke and exhaled mainstream smoke. Side-stream

smoke, which is generated from the end of the cigarette, is unfiltered and con-
tains nicotine in the gaseous phase. Mainstream smoke is filtered, and contains
a particulate phase (49). ETS is a mixture of nearly 5000 chemical compounds,
including 43 known human or animal carcinogens (50). It is not surprising that
ETS causes the same diseases as active smoking, but the risk is reduced in pro-
portion to the dilution of the smoke in the environment. Specifically, the obser-
vation that carcinogens have no threshold indicates that ETS may cause lung
cancer in exposed nonsmokers (49).

In 1986, the Surgeon General (51) and the National Research Council (NRC)
(52) concluded that ETS causes lung cancer. In the Surgeon General’s evalua-
tion, the relative risk of nonsmokers exposed to ETS compared with nonsmokers
not exposed to ETS was 1.3 (51). The NRC used a similar approach, and found
a relative risk of 1.25 (52). The studies reviewed by both agencies included three
cohort and 10 case-control studies. For the most part, the participants were female
nonsmoking spouses of male smokers. The average exposure in passive smokers
is about 1% that of active smokers of 20 cigarettes per day. The expected excess



Chapter 1 / Incidence and Etiology 13

risk is about 20% and the relative risk is 1.2, which is consistent with epidemio-
logical data (49). Numerous studies since have confirmed the increased risk of
lung cancer from ETS (53,54). The Environmental Protection Agency (EPA)
performed a meta-analysis in 1992 of 11 studies of spousal ETS exposure, and
found a relative risk of 1.19 (90% CI: 1.04–1.35) (53).

Despite the findings implicating ETS as a lung carcinogen, considerable con-
troversy persists. This is partly a result of the nature of the studies. It is difficult to
precisely quantify the amount of ETS exposure, making a dose-response rela-
tionship nearly impossible to determine. Surrogate markers have been used includ-
ing questionnaires and urine and sputum cotinine levels. Also, there are two
biases inherent in the design of studies that examine the health consequences of
ETS. First of all, smokers tend to marry smokers. It is possible that nonsmoking
spouses have been misclassified, and are really smokers or former smokers. This
bias would tend to increase the risk estimate of ETS. The second bias is in the
reference group. Nonsmokers married to nonsmokers are exposed to ETS out-
side the home, and therefore do not have zero exposure. This last bias would tend
to decrease the risk estimate. Studies of these confounding variables demonstrate
that they are nearly equal and opposite in magnitude (49). Despite the short-
comings inherent in the studies of ETS, it is clear that ETS causes lung cancer.
This risk may be as high as 30%, compared to nonsmokers not exposed to ETS.

6.3. Occupational Exposure
Although cigarette smoking causes the majority of bronchogenic carcinomas,

occupational exposures account for between 3% and 17% of lung cancers (55,56).
Table 2 lists the current occupational human carcinogens as categorized by the
International Agency for Research on Cancer (IARC), as well as examples of occu-
pations at high risk for carcinogen exposure. In general, the mechanisms by which
these agents cause lung cancer are not established, but are partly caused by their
effects on the DNA or by promoting the growth of initiated cells.

6.3.1. DEFINITE HUMAN LUNG CARCINOGENS

6.3.1.1. Arsenic. Arsenic is a ubiquitous element that occurs in organic and
inorganic forms. Humans are exposed to it through the environment, occupa-
tions, and medications (57). The general population may be exposed through con-
taminated water, seafood, and wine. Workers involved in smelting and refining
copper, gold, and lead ores, as well as the production of pesticides and various
pharmaceutical substances, are at risk for arsenic-induced cancers. Although
arsenic is not mutagenic in animal species, it is carcinogenic in humans (58).
There is substantial evidence that arsenic causes cancers of the skin, lung, liver,
bladder, kidney, and prostate (59–61). Studies from Taiwan, Chile, and Argen-
tina show an increased risk of lung cancer in human populations that consume
water with high arsenic concentrations (57,59–60,62–64). This effect is strongly
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dose-dependent, and remains elevated when corrected for smoking. Studies in
copper smelters have correlated lung-cancer mortality with increasing cumula-
tive arsenic inhalation (65–69). Steenland found a combined relative risk for
lung cancer of 3.69 (95% CI: 3.06–4.46) from a series of six studies of more than
21,000 workers with occupational arsenic exposure (70). The effect of smoking
and occupational arsenic exposure is unclear, but is probably synergistic (71).
The available evidence supports the belief that arsenic is a human carcinogen.
The risk of lung cancer increases with duration and intensity of exposure.

6.3.1.2. Asbestos. Asbestos is a group of naturally occurring fibers, used for
centuries in the production of many domestic products. Some examples include
insulation, ceiling tiles, brake linings, floors, textiles, and fireproofing (72). In
the past, industries with heavy asbestos exposure included shipbuilding and gas-
mask manufacturing. Considerable evidence implicates asbestos as a cause of
bronchogenic carcinoma and mesothelioma in exposed humans.

Asbestos fibers are divided into two groups, serpentine (chrysotile) and amphi-
bole (crocodilite, amosite, tremolite, anthophylite, and actinilite). As the name
describes, serpentine fibers are curved; amphibole fibers are rod-like. Both groups
of fibers can cause lung cancer (70). Chrysotile accounts for over 95% of global
asbestos consumption (73). Although controversial, evidence suggests that chry-
sotile may be less carcinogenic than amphibole fibers (73,74). As reviewed else-
where, this is partly a result of the fact that, compared with chrysotile, amphibole
fibers accumulate more readily in the distal lung parenchyma, are not cleared as
effectively, and are more durable. The half-life of chrysotile vs amphibole fibers
in the lungs is months as opposed to decades (75).

The first case reports of lung cancer in asbestos workers were noted in 1935
by Lynch (76) in the United States and Gloyne in the United Kingdom (77). Both
authors described cases of lung cancer in workers with asbestosis. Subsequently,
multiple reports appeared in the literature. In 1955, Doll published an observa-
tional study of 113 autopsies performed on men previously employed for over
20 yr at a large asbestos works (78). He found an elevated rate of lung cancer in
asbestos-exposed males. Again, all cases had evidence of asbestosis. Doll con-
cluded that the average risk of lung cancer in a male asbestos worker was ten
times that of the general, unexposed population (78). Numerous epidemiologic
studies have since appeared in the literature. The results continue to support the
observation that asbestos is a carcinogen (70,79,80,193). Steenland analyzed 20
cohort studies, including thousands of asbestos workers, and found a combined
relative risk of 2.0 (95% CI: 1.9–2.11) for lung cancer (70). Because some of the
studies reviewed did not control for smoking, an overestimation of lung-cancer
risk in the nonsmoking, asbestos-exposed population may occur.

The role of asbestosis in the development of lung cancer is controversial.
Specifically, much of the data in the literature suggests that lung cancer develops
in the presence of asbestosis (81–83). Therefore, many conclude that lung cancer
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from asbestos does not occur in the absence of asbestosis. Steenland examined
six cohort studies involving nearly 6000 patients with asbestosis, and found a
combined relative risk of 5.91 (95% CI: 4.98–7.00) for lung cancer (70). Unfor-
tunately, many studies use various definitions of asbestosis (i.e., radiographic
asbestosis >1/0 International Labor Organisation (ILO) small opacities vs histo-
pathology), creating the controversy over its prerequisite role. There is increas-
ing evidence that lung cancer may occur in the absence of radiographically
evident asbestosis (84,85). Hillerdale recently reviewed case studies of lung-
cancer patients and found an attributable risk for asbestos of 6–23%, much
higher than the occurrence of asbestosis in those patients (86). The prevailing
evidence strongly suggests that histologic or radiographic asbestosis is associ-
ated with an increased risk for bronchogenic carcinoma. However, it is unclear
whether asbestosis is simply a marker of high-dose exposure, or the critical
cancer-causing factor (85).

There is definitive evidence that tobacco smoke augments the incidence of lung
cancer in asbestos-exposed individuals. In a prospective cohort study, Hammond
and colleagues studied the effect of asbestos and smoking in insulation workers
compared to matched controls (87). They found a lung-cancer mortality ratio of
5.17 for nonsmoking asbestos workers, 10.85 for smoking, nonexposed controls,
and 53.24 for asbestos workers who were smokers (87). Although other studies
may not support a relative risk of such magnitude, there appears to be a syner-
gistic effect between tobacco smoke and asbestos fibers. Hammond et al. also
found a decline in lung cancer with increasing years of smoking cessation (87).
In 1977, Saracci analyzed cohort studies of lung cancer in asbestos workers who
were smokers and found a multiplicative relationship between asbestos, smok-
ing, and the development of lung cancer (88). Thus, asbestos-exposed individu-
als should have a strong incentive to quit smoking.

6.3.1.3. Bis-Chloro-Methyl Ether (BCME) and Chloro-Methyl Methyl Ether
(CMME). BCME and CMME are used to methylate other organic chemicals.
Commercial uses of BCME and CMME include the textile, paint, and home
insulation industries (55). The latency period between exposure and lung cancer
is 13–25 yr, and is inversely related to the burden of exposure (89,90). Addition-
ally, lung cancer tends to occur in the fifth decade in workers with moderate to
heavy exposure to BCME and CMME. The relative risk of developing lung
cancer is estimated to be between 5.0 and 11.0 (89,90). Small-cell cancers com-
prise the majority of bronchogenic carcinomas in this population (89–90). Interes-
tingly, cigarette smoking consistently plays a protective role in the development
of BCME- or CMME-induced lung cancers (89–91).

6.3.1.4. Beryllium. Occupations with risk of beryllium exposure include
mining beryllium hydroxide from beryl ore, refining, processing, ceramics, elec-
tronics, and the production of aerospace equipment. In 1993, the IARC recog-
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nized beryllium as a cause of lung cancer in humans, primarily based on two
studies (92). The first was published in 1991 by Steenland and Ward (93). They
examined the mortality of 689 subjects enrolled in the Beryllium Case Registry
cohort, and found that the lung cancer standardized mortality ratio (SMR) was
2.00 (95% CI: 1.33–2.89) (93). A limitation of this study was that smoking data
was available for only 32% of the cohort. The second major influential study was
by Ward and colleagues, who conducted a retrospective mortality study of seven
beryllium production facilities in the United States (94). The study population
consisted of 9,225 males employed at one of the works between 1940 and 1969.
The results of the study revealed a modest excess in lung cancer, with a SMR of
1.24 (95% CI: 1.10–1.39) (94). After adjusting for tobacco-smoke exposure, the
authors concluded that smoking was unlikely to fully account for the observed
cases. Notably, at the two oldest plants, the air concentration of beryllium in the
1940s was in the range of 1000 μg/m3 compared with the current OSHA standard
of 2 μg/m3. Those exposed to the highest concentrations of beryllium had the
greatest risk of lung cancer. Interestingly, the risk of lung cancer did not increase
with duration of employment.

Despite these two large, retrospective studies, there is still debate regarding the
carcinogenicity of beryllium. MacMahon argues that the very small excess seen
in most studies is unconvincing, given the high level of beryllium exposure. Even
when the use of surrogate markers of exposure is considered, the dose-response
relationship is not strong (95). Finally, most studies do not adequately control for
smoking, an effect which would lessen the already small excess in lung cancer
seen in beryllium-exposed workers.

6.3.1.5. Cadmium. Cadmium is used in battery electrodes, pigments, stabi-
lizers for plastics, electroplating, and refinement of cadmium, lead, copper, and
zinc sulphide (96). The IARC labeled cadmium a lung carcinogen in 1993 (92),
although there is some controversy regarding this categorization. Some authors
argue that the methodologies in the cadmium studies are flawed because of the
lack of control for confounding variables (70,97,98). For example, cadmium
exposure frequently occurs in the presence of other carcinogenic substances, such
as arsenic and nickel. Cadmium and nickel are both used in the manufacturing
of alkaline batteries. However, a number of recent cohort studies have found an
increased SMR for lung cancer in workers exposed to cadmium. The SMR range
in these studies was between 1.60 and 2.72 for male cadmium workers (99–102).
Steenland estimated a SMR of 2.72 (95% CI: 1.24–5.18) for those with the high-
est level of exposure (70).

6.3.1.6. Chromium. Chromium, a hard and rust-resistant substance, is used
in the production of stainless steel, chromium-containing pigments, and electro-
plating (103). It provides a wide range of vivid colors when combined with lead,
zinc, and other less commonly used elements. Numerous epidemiologic studies
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suggest that inhaled chromium dust causes lung cancer (104–111). Steenland
analyzed 10 cohort studies of chromium-exposed workers and found a combined
relative risk for lung cancer of 2.78 (95% CI: 2.47–3.52) (70). Unfortunately,
the majority of the studies did not control for smoke exposure. The studies that
did control for smoking, asbestos, and nickel eliminated these confounders as
the major cause of lung cancer in exposed workers. The incidence of chromium-
induced lung cancer may be decreasing, perhaps as a result of manufacturing
changes and industrial hygiene regulations (112). Similar to asbestos, the latency
period for chromium-induced lung cancers may exceed three decades.

6.3.1.7. Soot, Coke, and Coal Gasification. Soot and coke are both human
lung carcinogens (113). Their deleterious effect is probably the result of PAHs.
These organic extracts are carcinogenic in rodents when administered topically
or by implantation (114). Inhalation of PAHs, like benzo (a) pyrene and 1-nitro-
pyrene, causes bronchogenic adenocarcinomas in animals (113,139,190).

Coke is produced by bituminous coal as the result of destructive heating in the
absence of oxygen. The main use of coke is as fuel for blast furnaces in the pro-
cess of retrieving iron from iron ore (115). The worldwide use of coke in 1977
was 360 million tons. Since that time, there has been a steady decrease in the need
for heavy iron and steel, and an increase in use of alternative fuels (115). There-
fore, the use of coke has declined. There are a variety of jobs that require expo-
sure to carcinogens in the coking and coal gasification process, including those
that involve work near the coke ovens, in the tar distillery, or in the byproduct
section. Swaen reviewed 12 epidemiologic studies, and found a statistically sig-
nificant increase in lung cancer in 10 (115). Epidemiological studies support the
carcinogenic effect of coke (115–118).

Soot is the byproduct of the combustion of coal, coke, oil, or wood. Chimney
soot is rich in PAHs, and may contain arsenic, cadmium, chromium, nickel, and
asbestos. It has been known for over 200 years that chimney sweeps have an
increased risk of developing cancer (119). Despite the knowledge that chimney
soot causes lung, esophageal, stomach, and bladder cancer (119–121), engineer-
ing controls and personal protective equipment have not been effectively used
to eliminate exposure. The risk of lung cancer increases with increased duration
of exposure.

6.3.1.8. Nickel. Nickel sulfides and oxides are used in the production of stain-
less steel and electroplating, and in the manufacture of batteries (122). After
inhalation, insoluble nickel particles are retained in the respiratory tract for an
extended period of time. This long half-life likely contributes to the development
of nasal, sinus, and lung cancer.

In 1988, Grandjean et al. reviewed seven cohort studies of nickel-production
workers and found an elevated risk of lung cancer in four and nasal cancer in five
(123). In addition, the 1990 report of the International Committee on Nickel
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Carcinogenesis in Man (ICNCM) (124) found a consistent elevation in lung and
nasal carcinomas in nine cohort studies and one case-control study. Using the
entire ICNCM database from 13 studies, Steenland determined that the com-
bined relative risk of lung cancer was 1.56 (95% CI: 1.41–1.73) (70).

Contamination with other metals and asbestos, as well as a lack of smoking
data, confound studies of the relationship of nickel and lung cancer. For exam-
ple, chromium is used in stainless steel and is also an occupational carcinogen.
Because of the consistent elevated risk of lung cancer in the meta-analyses, how-
ever, it seems reasonable to conclude that nickel sulfides and oxides are carcino-
genic in humans. However, it is unclear whether metallic nickel or nickel alloys
are harmful to humans.

6.3.1.9. Radon Progeny. Radon is one of many decay products of radium-
226, the fifth daughter of Uranium-238 (125). As radium decays, radon-222
atoms leave the soil and rock and enter water and air. For this reason, radon can
be found inside of buildings as well as in the outside atmosphere. Radon-222
decays into many other particles. Of clinical significance are the decay products
polonium-218 and polonium-214. The decay of radon-222, polonium-218, and
polonium-214 causes an emission of alpha particles. These high-energy, high-
mass particles enter the lung—causing genetic damage to the epithelial cells
lining the airways—and may lead to lung cancer.

Over the past 50 yr, a causal association of radon progeny to lung cancer has
been established. For the most part, the data is based on epidemiologic investi-
gations of underground miners, but the general population is also at risk. The
clinical data has been corroborated by animal studies showing a dose-response
relationship and demonstrating modifying factors (126).

Case-control and cohort studies of miners reveal consistent results, demon-
strating an overall lung-cancer risk ratio between 1.5 and 15 (126). In miners, the
main source of radon is in ore and from radon dissolved in water. For the general
population, case-control studies demonstrate an increased risk of lung cancer
ranging from 1.3 to 11.9. The greatest risk was associated with very high levels
of indoor radon. In homes, radon comes from the foundation soil and rock,
building materials, and water (125). The most important factor for indoor expo-
sure, however, is the radium content in the underlying soil (126). This factor
accounts for the variation seen between dwellings. The average concentration
of radon in a US single family home is 1.5 pCi/L. The EPA action limit is 4.0 pCi/
L. The interaction between smoking and radon progeny exposure is still unclear.

6.3.1.10. Polyvinyl Chloride. Polyvinyl chloride (PVC) is used in the produc-
tion of plastic piping and conduits, floor coverings, and consumer goods. There
is a strong association between PVC and angiosarcoma of the liver. Many stud-
ies, including the 1979 IARC report (127), recognize PVC as a cause of lung cancer
(128–132). However, there is conflicting data on this issue. Many epidemiologic
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studies have found no association or a weak association between PVC and lung
cancer (133–135).

6.3.2. PROBABLE HUMAN-LUNG CARCINOGENS

6.3.2.1. Acrylonitrile. Acrylonitrile is a volatile, flammable liquid used in the
production of plastics, resins, synthetic rubber, and fibers (136). Acrylonitrile
is carcinogenic to rats when administered orally or by inhalation. Strother and
colleagues reviewed 10 epidemiologic studies of acrylonitrile and human lung-
cancer risk (137). They found six negative and four positive studies. The six neg-
ative studies were considered inadequate because they involved a small cohort,
a short follow-up period, and young subjects, and there was inadequate estima-
tion of exposure. Therefore, the negative epidemiologic studies may not truly be
negative. On the other hand, of the four positive studies, three were considered
inadequate because of a lack of control for confounding variables. In the remain-
ing positive study (138), a follow-up study found a reduced association between
acrylonitrile and lung-cancer development. Thus, the evidence implicating an
association between acrylonitrile and lung cancer remains limited (127,139).

6.3.2.2. Diesel Exhaust. Diesel engines came into widespread use in the 1950s
to power heavy equipment, vehicles, railroad locomotives, and some buses and
trucks. Diesel engines are also used in mining and dock operations (114,190).
The individuals at highest risk are diesel mechanics, long-haul truck drivers,
brakemen, and locomotive engineers who have worked in their jobs for over 20 yr
(114,140). Diesel exhaust contains respirable carbonaceous particles that adsorb
PAHs. These PAHs are highly carcinogenic in animal models (114). The associ-
ation between diesel exhaust and lung cancer is weak and inconsistent (140–
144). For the most part, the epidemiologic studies are too imprecise to detect
weak associations. Inaccurate corrections for smoking also confound many of
the studies, making a definite relationship between diesel-exhaust exposure and
lung cancer difficult to establish. Steenland reviewed six recent studies, which
adjusted for tobacco-smoke exposure, and found a combined relative risk of
1.31 (95% CI 1.13–1.44) (70). These findings led the IARC to label diesel exhaust
as a probable carcinogen (145).

6.3.2.3. Crystalline Silica. Crystalline silica dust exposure occurs in mines,
foundaries, and quarries, and in the production of pottery and ceramics. There
is sufficient evidence that inhaled or intratracheal administration of crystalline
silica is fibrogenic and carcinogenic in rats (146). Pairon et al. reviewed the liter-
ature in 1991 and found many epidemiological studies, which conclude that silica
is also carcinogenic in humans (147). The authors noted, however, that most of
the studies were flawed. Many did not control for smoking and other pulmonary
carcinogens. In fact, when these confounders are considered, most studies do not
remain positive (147). Also, these studies generally did not reveal a clear dose-
response relationship. Yet there is stronger—although inconclusive—evidence
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that patients suffering from silicosis have an excess of bronchogenic carcinomas
(148,149). Steenland analyzed 15 case-control and cohort studies involving
patients with silicosis, and noted a combined relative risk of 2.80 (95% CI: 2.5–
3.15) (70). A weaker association was noted by Steenland upon examining 13
studies of silica-exposed workers who had a combined relative risk of 1.33 (95%
CI: 1.21–1.45) (70). Once again, these studied were limited by inadequate con-
trol for smoking, exposure to other pulmonary carcinogens, and an inappropriate
control group and selection bias (148). To date, limited data suggests that silica
is a cause of lung cancer in humans in the setting of silicosis.

7. OTHER CAUSES OF LUNG CANCER

7.1. Air Pollution
Increasing evidence suggests that air pollution is one of the causes of lung

cancer. Air pollution is a mixture of solid particles, liquids, and gases, each vary-
ing in size, composition, and origin. “Inhalable particles” are less than 10 μm in
diameter (PM10), and are derived from soil and crustal materials. “Fine-partic-
ulate” (PM2.5) pollution is less than 2.5 mm in aerodynamic diameter, and origi-
nates from the combustion of fossil fuels used in transportation, manufacturing,
and power generation.The fine-particulate pollution contains soot, acid conden-
sates, sulfate, and nitrate particles. Because the fine particles can be inhaled more
deeply than the larger particles, they are considered a greater risk to health (150).

Four large prospective cohort studies evaluated the relationship between air
pollution and mortality. The Six Cities Study followed 8,111 adults in six US
cities for 14–16 yr (150). Data on demographics, smoking, occupation, educa-
tion, and medical history were collected. The authors used ambient concentra-
tions of pollutants from a central monitoring station to estimate the components
of air pollution. The results revealed an increased overall mortality from PM2.5
pollution and sulfate particles between the most polluted and least polluted cities.
Lung-cancer mortality was not significantly increased statistically in former and
nonsmokers.

The American Cancer Society confirmed these findings in a study that moni-
tored 552,138 adults in 151 US metropolitan cities for 6 yr. The sulfate and PM2.5
air pollution was estimated from national databases. After controlling for smok-
ing, a positive association between sulfate-particle air pollution and lung-cancer
mortality was observed (151). Also noted was an all-cause mortality between the
most and least polluted cities of 1.15 (95% CI: 1.09–1.22) for sulfate particles,
and 1.17 (95% CI: 1.09–1.26) for PM2.5 pollution.

Finally, the Adventist Health Study of Smog followed 6338 currently non-
smoking, Seventh-day Adventist, white California adults between the ages of 27
and 95 (152). The subjects were followed prospectively for 15 yr, with the goal
of evaluating the relationship between measured ambient air pollution and the
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development of lung cancer. For males, the risk of lung cancer was positively
associated with ozone (RR = 3.56, 95% CI: 1.35–9.42), sulfur dioxide (SO2) (RR =
2.66, 95% CI: 1.62–4.39), and PM10 (RR = 5.21,95% CI: 1.94–13.99). For females,
lung cancer was positively associated with SO2 (RR = 2.14, 95% CI: 1.36–3.37). One
year later, Abby and colleagues reviewed the same database. In addition to con-
firming the previous findings, they also found a correlation for females between
nitrogen dioxide concentrations and lung-cancer mortality (153).

The results of these and other studies suggest that air pollution increases the
incidence of lung cancer (154).

7.2. Diet
Since only 10–15% of smokers develop lung cancer, it is likely that other

hereditary, environmental, occupational, and dietary factors influence the devel-
opment of lung cancer.

7.2.1. BETA CAROTENE

Vitamin A is available in two dietary forms. Preformed vitamin A comes as
retinyl esters, retinol, and retinal. Provitamin A is chiefly beta carotene. Provita-
min A is converted to retinol by the intestine. The geographic variation in beta caro-
tene consumption is a reflection of differences in diet. Some examples of varying
geographic sources of beta carotene include yellow-green vegetables in Japan,
dark green leafy vegetables in Singapore, red palm oil in West Africa, and carrots
in North America. The interest in beta carotene as a chemopreventative agent
began in the early 1980s. There were a variety of observational epidemiologic
studies, which described an inverse relationship between dietary beta carotene
ingestion and lung cancer (155–158). In addition, there is a scientific rationale
for the protective effect of beta carotene against malignant transformation, includ-
ing its role in scavenging free radicals, modulating cytochrome P450 metabo-
lism, inhibiting arachadonic acid metabolism, augmenting immune functions,
and reducing chromosome instability and damage (159).

Based on promising epidemiologic studies and the scientific evidence for the
chemopreventative effect of beta carotene, several large, randomized, prospec-
tive trials were initiated. The Alpha-Tocopherol, Beta Carotene Cancer Pre-
vention (ATBC) study was designed to determine the protective effects of alpha-
tocopherol, beta carotene, both, or placebo in preventing lung cancer in adult
male smokers (160). The study was conducted in Finland as a joint project of the
National Public Health Institute of Finland and the US National Cancer Institute
(Table 3). The results of the study were surprising. First, there was no effect of
vitamin E on lung-cancer incidence or mortality. Beta carotene, on the other
hand, was associated with an excess incidence of and mortality from lung cancer.
This large, prospective, well-designed study was the first to suggest an increased
risk of lung cancer from supplemental beta carotene.



Chapter 1 / Incidence and Etiology 23

T
ab

le
 3

Su
m

m
ar

y 
of

 B
et

a 
C

ar
ot

en
e 

T
ri

al
s

R
el

at
iv

e 
ri

sk
R

el
at

iv
e 

ri
sk

St
ud

y
Y

ea
r

   
   

T
yp

e
   

   
   

   
 I

nt
er

ve
nt

io
n

   
   

   
   

   
Su

bj
ec

ts
  

  
 o

f 
lu

ng
 c

an
ce

r
of

 d
ea

th

A
T

B
C

 C
an

ce
r

19
94

P,
 R

, D
B

, P
C

B
et

a-
ca

ro
te

ne
 2

0 
m

g/
d 

an
d/

or
29

,1
33

 m
al

e 
sm

ok
er

s
1.

18
 (

1.
03

, 
1.

36
)

1.
08

 (
1.

10
, 

1.
16

)

 P
re

ve
nt

io
n 

St
ud

y
al

ph
a-

to
co

ph
er

ol
 5

0 
m

g/
d

or
 p

la
ce

bo
C

A
R

E
T

19
96

P,
 R

, D
B

, P
C

B
et

a-
ca

ro
te

ne
 3

0 
m

g/
d 

an
d

40
60

 a
sb

es
to

s-
ex

po
se

d 
m

al
es

1.
28

 (
1.

04
, 

1.
57

)
1.

17
 (

1.
03

, 
1.

33
)

re
ti

ny
l 

pa
lm

it
at

e 
25

,0
00

an
d 

14
,2

54
 c

ur
re

nt
 o

r 
re

ce
nt

ly
IU

/d
 v

s 
pl

ac
eb

o
fo

rm
er

 h
ea

vy
-s

m
ok

er
 a

du
lts

P
hy

si
ci

an
s’

19
96

P,
 R

, D
B

, P
C

B
et

a-
ca

ro
te

ne
 5

0 
m

g 
ev

er
y

22
,0

71
 m

al
e 

ph
ys

ic
ia

ns
,

0.
93

 (
0.

69
, 

1.
26

)*
1.

02
 (

0.
93

, 
1.

11
)

H
ea

lt
h 

St
ud

y
ot

he
r 

da
y

50
%

 n
on

sm
ok

er
s,

11
%

 c
ur

re
nt

 s
m

ok
er

s,
39

%
 f

or
m

er
 s

m
ok

er
s

*1
70

 c
as

es
 o

f 
lu

ng
 c

an
ce

r.
R

 =
 r

an
do

m
iz

ed
; 

D
B

 =
 d

ou
bl

e 
bl

in
d;

 P
C

 =
 p

la
ce

bo
-c

on
tr

ol
le

d;
 P

 =
 p

ro
sp

ec
tiv

e.

23



24              Josen, Siegel, and Kamp

The Beta-Carotene and Retinol Efficacy Trial (CARET) was designed to test
the chemopreventative effects of vitamin A and beta carotene in adults at high
risk of developing lung cancer (161). In this study, 4060 asbestos-exposed males
and 14,254 current or former heavy smokers were randomized to receive retinyl
palmitate and beta carotene or placebo. The study was terminated before the
predetermined stop date because, as in the ATBC study, overall mortality and the
incidence of lung cancer were increased in the active treatment group.

The Physicians’ Health Study randomized 22,071 US male physicians to beta
carotene, aspirin, both, or placebo (162). The subjects were followed for 12 yr.
There were only 170 new cases of lung cancer in this low-risk group. There
appeared to be no statistical increase in lung cancer or mortality in the beta caro-
tene group.

Despite the strong scientific rationale and the promising observational, cohort,
and case-control studies on dietary beta carotene in the 1980s, three large prospec-
tive studies have shown that beta carotene does not protect against lung cancer.
In fact, supplemental beta carotene may increase the risk of lung cancer in smok-
ers. The data emphasize the importance of performing prospective studies on
potential dietary supplements before concluding that a chemopreventative bene-
fit exists.

7.2.2. OTHER DIETARY FACTORS

Other possible dietary influences on the development of lung cancer include
vitamin E and lipids. Vitamin E is an antioxidant. With the exception of the
First National Health and Nutrition Examination Survey (NHANES I) (163),
most studies have not shown a protective effect from vitamin E ingestion and the
development of lung cancer (160,164–166). The NHANES I, a prospective cohort
study, found a protective effect for vitamin E in the lowest tertile of pack-years
of smoking (163). Additional studies are needed to determine the chemopreventa-
tive effect of vitamin E.

Lipids, on the other hand, may augment the development of lung cancer (164,
167,168). A case-control study in Toronto collected dietary data on 941 lung-
cancer patients and matched controls. The results revealed no difference in beta
carotene, vitamin E, vitamin C, or vitamin A. There appeared to be an increased
risk of lung cancer with increased consumption of dietary cholesterol. In females,
the risk of lung cancer correlated with high animal-fat consumption (164). Other
case-control studies have also raised a suspicious association between high dietary
animal-fat intake and an increased risk of lung cancer (167,168).

7.3. Previous Lung Disease
A number of pulmonary diseases have been associated with an increased risk

of lung cancer. In many cases, the data is inconclusive, but compelling.
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Smoking is the most obvious parallel between lung cancer and chronic obstruc-
tive pulmonary disease (COPD). Peto and colleagues prospectively studied 2718
males. Each had baseline pulmonary function studies, followed by question-
naire. The main end point of the study was to look for a relationship between air-
flow obstruction and mortality from COPD. Although the relationship between
airflow obstruction and lung-cancer mortality was weak, there was a strong
relationship between mucus hypersecretion and death from lung cancer (194).
On the other hand, Wiles and Hnizdo found a moderately strong association
between airflow obstruction and subsequent death from lung cancer in 2060
South African gold miners followed prospectively for 16–18 yr. After correcting
for smoking, total dust exposure, and age, there was a significant correlation
between lung cancer and airflow obstruction (X2 = 6.8, P < 0.001) (195). Unlike
Peto, the authors failed to find an association between increased mucus produc-
tion and lung cancer. Others have also found that patients with airflow obstruc-
tion have an increased risk of developing lung cancer independent of smoking
history (169–171).

There have also been reports of an increased prevalence of lung cancer in
patients with sarcoidosis (172–174). These initial studies were criticized because
of the unclear manner of diagnosis or a high misclassification of cases. Three
recent large, prospective studies have re-examined the issue. These studies crossed
patients in sarcoidosis registries with a national tumor registry, and failed to find
an increased rate of lung cancer in sarcoidosis patients (175–178). However, mor-
tality was related to decreased lung function and advanced radiographic stage (176).

Unlike sarcoidosis, it seems likely that pulmonary tuberculosis increases the
risk of lung cancer. Before the treatment of tuberculosis with antibiotics, patients
rarely lived long enough to develop lung cancer. With modern tuberculosis ther-
apy, patients survive, and appear to have an increased prevalence of lung cancer
(179–181). Once again, this increased risk is unrelated to smoking. The relation-
ship between pulmonary tuberculosis and lung cancer is poorly understood, and
probably indirect.

Pulmonary parenchymal scar tissue may increase the risk of developing lung
cancer. “Scar”carcinoma is defined as a peripheral, nonbronchial, subpleural
carcinoma with puckering of the overlying pleura. The lesion contains choles-
terol clefts and anthracotic pigment (183). The histology is most commonly ade-
nocarcinoma, but squamous and large-cell varieties occur (183,184). This type of
cancer tends to occur in the peripheral upper lobes (184). Aurbach et al. reviewed
1186 autopsy cases of lung cancer, and found that 7% were caused by scar carci-
nomas. However, it is true that the carcinoma may be the cause of, or the result of,
the scar. There is some histopathologic data to support that the scar is the result of
the tumor (185). Some explanations include a tumor-induced desmoplastic reaction
(85,186), and organization of atelectasis caused by an obstructing endobronchiole
tumor (185). Additionally, elevation of type III collagen and the presence of myo-
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fibroblasts in pulmonary-scar carcinomas reveal that the scar is an active, ongoing
process.

A few studies have identified an increased prevalence of lung cancer in patients
with idiopathic pulmonary fibrosis (IPF). Unlike scar carcinoma, neoplasms in
IPF tend to be lower-lobe, peripheral lesions, and are frequently squamous in
origin (187). Smoking clearly increases the risk of lung cancer in patients with
IPF (188). On the other hand, IPF appears to be an independent factor that
contributes to the development of lung cancer (187).

CONCLUSIONS

More people have died in this century from lung cancer than all other cancers
combined. This strikingly high mortality is largely the result of smoking. Smok-
ing cessation and programs aimed at reducing initiation are needed in order to
reduce the worldwide epidemic of lung cancer, since surgery, radiation, and che-
motherapy have limited efficacy. Patients should be evaluated for possible occu-
pational exposures that may contribute to lung-cancer development. In addition,
consideration should be given to screening high-risk patients in order to identify
lung cancers at an earlier stage. Screening will be covered more thoroughly in
Chapter 6. Finally, future studies will undoubtedly reveal the important genetic
and dietary influences that impact lung-cancer development.
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1. INTRODUCTION

1.1. Statement of Purpose
This chapter describes the histopathologic classification and the morphologic

features of the major types and variants of lung carcinoma in order to provide a
foundation for better understanding the pathogenetic significance of the molecu-
lar changes and the clinical issues associated with these lesions as described else-
where in this text.

2. CLASSIFICATION

2.1. Overview
2.1.1. ORIGIN

Lung carcinomas are derived from pluripotential cells lining the tracheobron-
chial tree (reserve cells, mucous cells, Clara cells) or alveolar-lining cells (type
II pneumocytes). These cells are capable of differentiating toward any of the
mature epithelial-cell types found in the lung, and produce a heterogeneous
group of neoplasms (1). Some carcinomas are associated with well-defined pre-
cursor lesions, such as squamous metaplasia, dysplasia, and carcinoma in situ
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(Fig. 1) or atypical adenomatous hyperplasia, which have progressive morpho-
logic and molecular biological changes intermediate between benign epithelial
changes and invasive carcinoma (2).

2.1.2. CLASSIFICATION

The current World Health Organization (WHO) classification for lung carci-
nomas (3) is presented in Table 1. In contrast to the clinical trend of simplifying
the classification for treatment purposes—i.e., small-cell lung carcinoma (SCLC)
vs non-small-cell lung cancer (NSCLC)—the histopathologic classification of
lung carcinoma continues to evolve. Although the four major categories tradition-
ally recognized—squamous-cell carcinoma (SCC), adenocarcinoma, large-cell
carcinoma (LCC), and small-cell carcinoma—remain in the present classifica-
tion, the histologic features of each and its variants continue to be refined. This
is particularly true of the NSCLC, whereas some variants of SCLC recognized
in previous classifications have been eliminated in recognition of the morpho-
logic spectrum of small-cell carcinoma and the lack of clinical significance of
such subtypes as the oat cell and intermediate cell variants.

Despite considerable progress in establishing a reproducible, unified, and
conceptually gratifying classification scheme for neuroendocrine lung tumors,
including typical and atypical carcinoids, small-cell carcinoma, and large-cell
neuroendocrine carcinoma, based on morphologic criteria (4), the current classi-
fication does not place these tumors under one category. Large-cell neuroendo-

Fig. 1. Squamous metaplasia and dysplasia in major bronchus of patient with SCC. Note
enlarged hyperchromatic nuclei in all layers of epithelium, typical of high-grade dysplasia/
carcinoma in situ. (All photomicrographs represent hematoxylin- and eosin-stained sections,
unless otherwise noted.)
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crine carcinoma, previously classified with small-cell carcinoma (5), is included
with other variants of large-cell carcinoma in the current WHO classification, at
least until clinical patterns suggest that it should be categorized with these other
neuroendocrine tumors. Moreover, further evidence beyond morphologic simi-
larity is needed to link small-cell carcinoma to the carcinoid tumors. Ideally, a
classification scheme should have practical value in terms of affecting therapeu-
tic decisions, as well as promoting an appreciation of the morphologic relation-
ships among the SCLC and NSCLC.

Table 1
Histological Classification of Lung Carcinomas (WHO 1999) (3)

Histologic type Variant

SCC Papillary
Clear-cell
Small-cell
Basaloid

Adenocarcinoma Bronchioloalveolar, mucinous, nonmucinous,
mixed, or indeterminate

Acinar
Papillary
Solid adenocarcinoma with mucin
Rare variants

Adenosquamous carcinoma
LCC Large-cell neuroendocrine carcinoma

Basaloid carcinoma
Lymphoepithelioma-like carcinoma
Clear-cell carcinoma
LCC with rhabdoid features

Small-cell carcinoma Combined small-cell carcinoma
Carcinomas with pleomorphic, Carcinomas with spindle and/or giant cells

sarcomatoid, or sarcomatous Pleomorphic carcinoma
elements Spindle-cell carcinoma

Giant-cell carcinoma
Carcinosarcoma
Pulmonary blastoma
Others

Carcinoid tumor Typical carcinoid
Aypical carcinoid

Carcinomas of salivary-gland type Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Others

Unclassified carcinoma
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2.1.3. METHODS

The histologic typing of lung tumors is based on their light microscopic fea-
tures, as seen in routine hematoxylin and eosin-stained sections. Immunohisto-
chemistry and other special stains are usually not required for routine diagnosis
or classification, although they may be helpful in certain situations. For example,
a battery of immunostains is often required to distinguish adenocarcinoma with
extensive pleural involvement from primary epithelial mesothelioma. Immuno-
stains for neuroendocrine markers, such as chromogranin, synaptophysin, and
Leu 7, are almost routinely used to confirm the diagnosis of the neuroendocrine
tumors, especially large-cell neuroendocrine carcinoma. In a review of develop-
ing prognostic indicators, Leslie and Colby (6) found promising but contradic-
tory results in the use of p53 as an indicator of adverse outcome in NSCLC. They
also cite the potential use of endothelial markers CD31 and CD 34 in the quanti-
tative assessment of angiogenesis, which may be predictive of metastatic poten-
tial in NSCLC. Mucin stains, such as periodic acid-Schiff (PAS) with diastase for
neutral mucin and mucicarmine or Alcian blue with hyaluronidase for acid mucin,
may be helpful in identifying poorly differentiated adenocarcinoma. Electron
microscopy is very rarely needed and may be confusing, because of the extensive
overlap in ultrastructural features among lung tumors (7).

2.1.4. HETEROGENEITY

Overlap in morphology among lung tumors is also characteristic at the light
microscopic level. In fact, architectural or cytological heterogeneity is present
in the majority of these tumors (66%), and includes mixtures of the major his-
topathologic types or a mixture of variants in a tumor of one major type (8). The
likelihood of finding tumor heterogeneity increases with the amount of tumor
examined by light microscopy, as well as with the application of more sensitive
methods of detection, such as electron microscopy and immunohistochemistry
(5). Tumor heterogeneity may make classification of a single tumor difficult, but
generally, should not affect treatment decisions if appropriate histopathologic
criteria are applied. On the other hand, the detection of heterogeneity by special
studies, such as neuroendocrine differentiation in NSCLC, may produce infor-
mation about tumor behavior in a controlled setting that could eventually affect
the way certain tumors are managed (6).

3. HISTOPATHOLOGY OF LUNG CARCINOMA

3.1. Squamous-Cell Carcinoma (SCC)
3.1.1. DEFINITION

SCC is a malignant epithelial tumor with the microscopic morphological char-
acteristics of squamous epithelium or epidermis. Squamous differentiation is
recognized by the presence of keratinization of tumor cells, intercellular bridges,



Chapter 2 / Pathology of Lung Carcinoma 39

or both. SCC is often associated with squamous metaplasia of the bronchial
epithelium.

3.1.2. CLINICAL FEATURES

Formerly the most common type of lung carcinoma, SCC has been surpassed
in frequency by adenocarcinoma (9). SCC is seen predominately in males, and
cigarette smoking is considered to be the primary etiologic factor. Human papil-
loma virus (HPV) has been found in some cases of bronchial squamous metaplasia
and SCC (10,11); however, a recent study implicated HPV in the carcinogenesis
of laryngeal but not lung SCC (12). Two-thirds of SCCs are central, involving
large bronchi, but the incidence of peripheral SCC is increasing (3). Exfoliated
cells in sputum and local symptoms are more common than in other types, and
these tumors have earlier symptoms and a lower stage at presentation.

3.1.3. GROSS FEATURES

Usually smaller than other types of carcinoma because of their earlier presen-
tation, SCCs range from small endobronchial tumors, with or without infiltration
of the surrounding parenchyma (Fig. 2), to large masses replacing the entire lung
(Fig. 3). The cut-surface is gray-white or yellowish, and is often dry and flaky,
reflecting the degree of keratinization (Fig. 4). Necrosis, hemorrhage and cavi-
tation are common (Fig. 3). Fibrosis may make a tumor firm or rubbery. Second-
ary changes associated with bronchial obstruction and infection are also common
in the tumor, as well as in the surrounding lung.

Fig. 2. Small endobronchial SCC (papillary type), with minimal infiltration of bronchial
wall and surrounding lung.
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3.1.4. MICROSCOPIC FEATURES

The typical SCC grows as coalescing, solid nests of polygonal cells separated
by fibrous stroma, with variable numbers of acute and chronic inflammatory
cells, often reflecting the degree of necrosis and obstructive changes associated
with the tumor. Smaller, more basaloid cells occupy the periphery of the nests,
while larger cells showing more cytoplasm, keratinization, and more prominent
intercellular bridges are found centrally (Fig. 5A). Nuclei are hyperchromatic,
with prominent nucleoli and coarse, peripherally condensed chromatin. As the
more keratinized cells become larger, their nuclei become smaller, the chroma-
tin becomes denser, and the nucleoli disappear. The nucleus disintegrates into
dense chromatin masses, or completely disappears as keratinization becomes

Fig. 3. Large SCC replacing entire upper lobe, showing extensive central necrosis with
cavitation.
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complete (Fig. 5B). Mitoses may be numerous, especially in the more poorly dif-
ferentiated tumors, but are not used to grade the tumors. Intercellular bridges
(Fig. 5C) or keratin must be present in order to identify a tumor as SCC, and the
degree to which they are present determines whether a tumor is graded as well,
moderately, and poorly differentiated. The more poorly differentiated tumors

Fig. 4. Large SCC arising from major bronchus of lower lobe, with preexistent bronchi-
ectasis and showing dry, flaky, cut surface typical of highly keratinized tumor.

Fig. 5A. Moderately differentiated SCC showing typical nodular arrangement with smaller
nonkeratinized tumor cells peripherally and larger, partially keratinized cells centrally.
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contain more nonkeratinized cells with larger nuclei, which usually show more
pleomorphism, in which case the tumor might be difficult to distinguish from large-
cell carcinoma (LCC). Early keratinization may appear as dense, perinuclear
fibrillar change. Nodular cell masses often show central necrosis and microab-
scess formation (Fig. 5D). Loss of cellular cohesion is common, and may be accom-
panied by extensive inflammatory infiltrate, suggesting the appearance of the
inflammatory variant of malignant fibrous histiocytoma (5). The degree of differ-
entiation may vary considerably within an individual tumor, making it difficult
to grade, and some tumors may show morphologic diversity and include com-
ponents of other lung carcinoma types or other recognized variants of SCC.

Fig. 5B. Endobronchial portion of moderately differentiated SCC, showing keratinized
surface (upper left).

Fig. 5C. Well-differentiated SCC, showing numerous intercellular bridges.
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3.1.5. SCC VARIANTS

SCC has several variants, which include papillary (Fig. 6), small cell, clear cell
(Fig. 7), and basaloid types. These variants rarely appear in pure form, but are more
often seen as a component of typical SCC. Spindle (Fig. 8) and giant cells may be
found in otherwise typical SCC, but tumors in which 10% or more of the volume
is composed of spindle or giant cells are considered pleomorphic carcinomas.

Fig. 5D. Moderately differentiated SCC, showing coalescing nodules with central necrosis
and microabscess formation.

Fig. 6A. Endobronchial papillary SCC (same tumor seen in Fig. 2) showing well-devel-
oped branching fibrovascular stalks lined by well-differentiated squamous epithelium that
is difficult to distinguish from tracheobronchial papillomatosis. The tumor lacks invasion
in this section.
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Gland formation is common in SCC, but should not exceed 10% of tumor volume,
or the tumor should be classified as adenosquamous carcinoma (3).

3.1.6. SPECIAL STUDIES

SCC may stain for low- and high-mol-wt cytokeratins, involucrin, a variety
of epithelial markers, S-100 protein, neuroendocrine markers, vimentin, desmin,
and carcinoembryonic antigen (5), but these stains are usually not helpful in

Fig. 6B. Epithelium of papillary SCC is well-differentiated, but lacks complete maturation
of cells toward the surface (right) and shows enough nuclear atypia to be recognizable as
carcinoma. More typical SCC invaded the bronchial wall elsewhere in this tumor.

Fig. 7. Area of clear-cell differentiation in an otherwise typical SCC. Such cells may con-
tain glycogen, but not mucin.
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establishing a diagnosis or differentiating SCC from other types of lung carci-
noma. Sometimes immunohistochemical stains for cytokeratins or other epithe-
lial markers may help prove epithelial differentiation in the case of a predominantly
spindle-cell or pleomorphic carcinoma. Intracellular mucin is common in SCC
(1) and may be demonstrated by mucin stains, but this usually affects the diagno-
sis only when extensive or when there is a significant glandular component, in
which case a diagnosis of adenosquamous carcinoma may be appropriate. Elec-
tron microscopy is rarely required.

3.1.7. DIFFERENTIAL DIAGNOSIS

SCC and its histologic variants must be distinguished from other types of lung
carcinoma, which may have similar morphologic features. This is usually a mat-
ter of finding areas of squamous differentiation, considering the propensity for
heterogeneity among lung tumors. Primary SCC of the lung should also be dis-
tinguished from similar metastatic carcinomas, such as SCC of the head and neck
or squamous and squamoid carcinomas from other primary sources. Tumors
with a substantial clear-cell component should be distinguished from metastatic
renal-cell carcinoma (RCC). Multifocality within the lung and the clinical his-
tory may provide important clues to the metastatic nature of the tumor.

3.2. Adenocarcinoma
3.2.1. DEFINITION

Adenocarcinoma is a malignant epithelial neoplasm with glandular differen-
tiation or production of epithelial mucin by the tumor cells. Although subtypes of
adenocarcinoma recognized by the WHO include acinar, papillary, bronchiolo-

Fig. 8. Spindle-cell appearance in poorly differentiated SCC. Tumor shows more recog-
nizable squamous differentiation in other areas.
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alveolar, and solid adenocarcinoma with mucin (3), this diverse group usually
shows considerable histological overlap and varies widely in the degree of dif-
ferentiation. Hence, most are adenocarcinoma with mixed subtypes. Bronchiolo-
alveolar carcinoma is usually separated from the rest of the group because of its
distinctive gross and microscopic morphology as well as its clinical presentation
and more indolent course. Unusual variants include well-differentiated fetal
adenocarcinoma, mucinous (“colloid”) adenocarcinoma, mucinous cystadeno-
carcinoma, signet-ring-cell carcinoma, clear-cell adenocarcinoma, and adeno-
carcinomas with hepatoid or enteric differentiation (3).

3.2.2. CLINICAL FEATURES

Adenocarcinoma is the most common type of lung carcinoma in the United
States, and is increasing in frequency in most countries (13). It may comprise as
many as 56% of resected lung cancers (1). It is associated with cigarette smoking,
but less strongly than other types of lung carcinoma. Adenocarcinoma is the most
common histologic type among female former smokers and lifetime nonsmok-
ing women (14), and it is more frequent among males younger than 45 years than
among older male patients (13,15).

3.2.3. GROSS FEATURES

Although they may have a central or endobronchial location (16), adenocar-
cinomas are generally peripheral, well-defined masses, often abutting or invad-
ing the visceral pleura, which may have scar and retraction or extensive fibrous
thickening associated with tumor seeding (3,9,17,18). Adenocarcinomas may be
single or multiple, varying from well-circumscribed, lobulated nodules of a few
millimeters to diffuse tumors that replace a lobe or the whole lung. The cut-
surface is gray-white, with frequent hemorrhage and necrosis, anthracotic pig-
ment, and often a central scar (Fig. 9). They may be soft or firm, depending on
the amount of fibrosis, or gelatinous if there is abundant mucus (Fig. 10).

3.2.4. MICROSCOPIC FEATURES

Smaller tumors may have a uniform histologic pattern and grade, but an indi-
vidual adenocarcinoma of more than a few millimeters frequently has a mixture
of histologic patterns, and varies in degree of differentiation from field to field
(9,17–19). The diagnosis of adenocarcinoma rests on the identification of glan-
dular differentiation—acinar, tubular, or papillary formation—or the identifica-
tion of mucus production by the tumor cells. The latter may require the use of
mucin stains, including Alcian blue, mucicarmine, or PAS with diastase for neu-
tral mucin. The extent of glandular differentiation determines the histologic grade
(Fig. 11A–C). Tumors with a solid component will be poorly differentiated (3).
Most tumors (70%) are moderately differentiated, 5% are well-differentiated,
and 25% are poorly differentiated (17).
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Fig. 9. Adenocarcinoma extending from just bellow the pleura (right) toward central
bronchus (probe). Tumor shows central fibrosis with anthracotic pigmentation.

Fig. 10. Typical peripheral adenocarcinoma focally abutting pleura. Note gelatinous appear-
ence, the result of mucus production by the tumor.
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Adenocarcinomas are composed of large, cuboidal, columnar, or polygonal
cells with oval to round, vesicular nuclei and prominent nucleoli. Nuclear pleo-
morphism may be considerable, especially in the poorly differentiated and solid
types, which may be difficult to distinguish from large-cell carcinoma (LCC). In
the latter case, mucin-containing vacuoles may be evident, or may require mucin
stains for confirmation (Fig. 11D). Occasional signet-ring cell types may be seen.
More often, the cells of adenocarcinomas differentiate toward Clara cells or type

Fig. 11A. Well-differentiated adenocarcinoma with well-developed tubular structures lined
by columnar cells, with clear or vacuolated cytoplasm caused by mucus content, and rela-
tively small uniform nuclei.

Fig. 11B. Moderately differentiated adenocarcinoma with coalescing tubular and cribri-
form structures, lined by cells with larger nuclei.
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II pneumocytes, which have abundant, eosinophilic cytoplasm with either knob-
like apical protrusions or intranuclear PAS-positive eosinophilic inclusions,
respectively (20,21). Clear-cell change may be present in up to 27% of lung ade-
nocarcinomas (22), and may be focal or extensive.

Mucin production in adenocarcinomas may appear as intracytoplasmic, glo-
bular droplets, diffuse cytoplasmic positive staining, or secretion into glandular
lumens or the extracellular space. Mucin production may be scant or massive,

Fig. 11C. Poorly differentiated adenocarcinoma is more solid than glandular; nuclei are
large and pleomorphic.

Fig. 11D. This poorly differentiated carcinoma shows nearly complete solid growth, but
can be identified as adenocarcinoma by the presence of darkly stained intra- and extra-
cytoplasmic mucin deposits (Alcian blue stain).
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with clusters of epithelial cells floating in pools of mucus—so-called mucinous
or “colloid” carcinoma. Muciphages and giant cells may be prominent in cases
with extensive mucin production.

Stromal connective tissue varies from delicate fibrous septa to dense sclerosis.
The old controversy of whether the fibrous tissue represents pre-existing scar or
stromal reaction to the tumor seems to have been resolved by immunohisto-
chemical studies that demonstrate persistence of type III collagen, which is most
likely a host response evoked by the tumor (23). The inflammatory reaction and
necrosis associated with some tumors may suggest a primary inflammatory, gra-
nulomatous, or lymphoproliferative process. Necrosis may be present in adeno-
carcinomas, and its extent varies with the degree of histological differentiation.

Acinar adenocarcinoma is defined by the presence of acini and tubules com-
posed of mucin-producing cells resembling bronchial-gland or bronchial-sur-
face epithelium (3). Papillary adenocarcinoma (PAC) is composed of papillary
structures—fibrovascular stalks or cores lined by epithelial cells—that replace
the underlying alveolar architecture (3). PAC may consist of cells with features
of Clara cells or type II pneumocytes lining alveolar septa and forming complex
papillae in the alveolar lumens, or it may show tall cuboidal to columnar cells
with or without mucin production that have their own fibrovascular stroma and
invade lung parenchyma. Many tumors displaying the first pattern represent
bronchioloalveolar carcinomas with a prominent papillary architecture. How-
ever, when the complex papillary growth pattern comprises more than 75% of
the tumor volume, the neoplasm is better classified as papillary-type conven-
tional adenocarcinoma, which has an unfavorable prognosis compared to bron-
chioloalveolar carcinoma (24).

3.2.5. VARIANTS

Well-differentiated fetal adenocarcinoma, also known as pulmonary blas-
toma, epithelial type, or endodermal tumor resembling fetal lung (3), consists of
glandular and tubular structures lined by columnar cells that resemble the devel-
oping lung. Prominent sub- and supranuclear, glycogen-containing vacuoles and
morules of squamoid cells may give the tumor an endometrioid appearance. The
epithelial component of pulmonary blastoma may show an identical pattern, and
may lead to diagnostic confusion if the mesenchymal component of that biphasic
tumor is not identified. Distinguishing between the two has prognostic signifi-
cance, since well-differentiated fetal adenocarcinoma has a much better prog-
nosis and lacks the p53 gene mutations seen in pulmonary blastoma (25).

Mucinous or “colloid” adenocarcinoma contains papillary clusters of malig-
nant cells floating in pools of mucus, similar to tumors of the same name found
in the breast, gastrointestinal tract, or ovary. Mucinous cystadenocarcinoma is
a cystic tumor with excessive mucus production, and may be related to bronchio-
loalveolar carcinoma (26). Signet-ring-cell carcinoma may be a prominent com-
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ponent in a small percentage of pulmonary adenocarcinomas (27), as may clear-
cell carcinoma. Any of these patterns may be seen focally within one of the major
subtypes of adenocarcinoma, or rarely throughout the entire tumor.

Some adenocarcinomas may have areas of spindle or giant cells (28,29), but
when these components exceed 10% of the tumor volume, the tumors are clas-
sified as pleomorphic or spindle-cell carcinoma. Other rare variants include
adenocarcinomas with hepatoid differentiation (30), which is associated with
elevated circulating alpha-fetoprotein levels, and adenocarcinoma with enteric
differentiation (31).

3.2.6. SPECIAL STUDIES

In addition to other high and low mol-wt cytokeratins, adenocarcinomas of the
lung usually express cytokeratin 7 (32–34), as opposed to gastrointestinal adeno-
carcinomas that have a higher expression of cytokeratin 20 (35). This feature
may be helpful in distinguishing between primary and metastatic tumors of sim-
ilar histology. Surfactant-associated and Clara-cell proteins have been detected
in over 40% of pulmonary adenocarcinomas, but rarely in adenocarcinomas of
other primary sites (36) and may also be useful in distinguishing between pri-
mary and secondary adenocarcinomas of the lung (37). The expression of B72.3,
carcinoembryonic antigen (CEA), epithelial-membrane antigen (EMA), human
milk-fat globulin (HMFG-2) and Leu-M1 by pulmonary and other adenocarcino-
mas, and their lack of expression by malignant mesothelioma, are helpful in dis-
tinguishing between the epithelial variant of this neoplasm and adenocarcinoma
with similar histologic features (38). Of less practical significance is the variable
expression by adenocarcinomas of the neuroendocrine markers neuron-specific
enolase (NSE), Leu-7, synaptophysin, and chromogranin (39,40); secretory pep-
tides such as bombesin, calcitonin, corticotropin, and vasopressin (39,40); neuro-
filament protein (41); S-100 protein (42); and vimentin (43).

3.2.7. DIFFERENTIAL DIAGNOSIS

Primary adenocarcinomas of the lung may be confused with a variety of benign
neoplastic, preneoplastic, and reactive processes, as well as other primary lung
carcinomas with a glandular or pseudoglandular component. In particular, radia-
tion and chemotherapy are notable for producing atypical reactive changes in
type II pneumocytes that may mimic carcinoma.

Although some may have distinctive morphologic characteristics, adenocar-
cinomas of other sites metastatic to the lung are often difficult to distinguish from
primary lung carcinoma. Some may even induce features in the surrounding lung
that resemble those seen adjacent to a tumor of pulmonary origin (44). Metastatic
RCC should be considered in the differential diagnosis of a clear-cell carcinoma
in the lung. Mucin stains, positive in primary adenocarcinoma of the lung but not
in RCC, should help distinguish between the two. A number of immunohisto-
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chemical markers, such as monoclonal antibodies (MAbs) to pulmonary surfac-
tant for adenocarcinoma of lung and nonmucinous bronchioloalveolar carcino-
mas (37), CK 7 for adenocarcinomas of the lung, breast, and ovary (45), estrogen
and progesterone receptors for breast and ovarian tumors (46,47), or CK 20 for
colorectal carcinomas (35,48), may be used to help distinguish between a meta-
static carcinoma and a primary lung adenocarcinoma. Detection of p53 or K-ras
gene mutations has also been used to distinguish between metastatic tumors and
tumors of separate primary origin (49). However, obtaining appropriate clinical
information and comparison of present and previous histologic sections when
available may eliminate the need for a rigorous, expensive, and often inconclu-
sive battery of special stains and ancillary studies.

3.3. Bronchioloalveolar Carcinoma
3.3.1. DEFINITION

Bronchioloalveolar carcinoma (BAC) is recognized on the basis of its histo-
logic pattern, which consists of uniform columnar cells growing in a single file,
the so-called lepidic or “picket fence” arrangement, over the surfaces of intact
alveoli. The new WHO definition of BAC requires exclusion of stromal, vascu-
lar, and pleural invasion. Therefore, this tumor cannot be diagnosed on small
biopsy specimens. Three histological types are recognized: mucinous, nonmucin-
ous, and mixed mucinous, and nonmucinous or indeterminate cell type.

3.3.2. CLINICAL FEATURES

The incidence of BAC has risen from 5–9% to 20–24% of lung carcinoma
cases reviewed between 1955 and 1990 (50,51), and this has been said to be largely
responsible for the increased incidence of lung adenocarcinomas in recent years
(52). BAC tends to occur at a younger age than other lung carcinomas (50,52), and
cases have been reported as early as the second decade (53–55). These tumors
are more likely to occur in women and nonsmokers than other NSCLCs, includ-
ing other types of adenocarcinoma (14), and a number of environmental, occupa-
tional, and infectious exposures have been implicated in the pathogenesis of this
neoplasm (52). Classically, BACs are slow-growing tumors that metastasize infre-
quently, but rapidly progressive pulmonary dissemination may occur, and prog-
nosis depends on the subtype and extent of the tumor (52–56).

3.3.3. GROSS FEATURES

Like other adenocarcinomas, BACs are usually peripheral, subpleural masses,
but they are not as well-demarcated and resemble areas of pinkish gray-white
pneumonic consolidation. Ten percent may be multiple (53) (Fig. 12). Pulmo-
nary markings are often clearly visible on the cut surface, and there may be areas
of fibrosis, which may represent a pre-existing pulmonary scar or a reaction to
the tumor (57). Pleural invasion is not usually evident, but pleural fibrosis and
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retraction may be seen. Hemorrhage and necrosis—common in other lung car-
cinomas—are not typical in BACs. Mucinous BACs are gelatinous in appear-
ance, and are more often multifocal and larger than nonmucinous BACs. The
diffuse pneumonic variant, which resembles lobar or complete pulmonary con-
solidation (Fig. 13), is more typical of mucinous BAC, but may be seen with the
nonmucinous and mixed types.

3.3.4. MICROSCOPIC FEATURES

The histologic hallmark of BAC is the growth of tumor cells in single file or
papillary arrangement over an intact alveolar framework (Fig. 14A,B). There may
be fibrosis and chronic inflammation of the alveolar septa with distortion of the
alveolar pattern, some of which may be attributable to pre-existing pulmonary
scarring, but this should be distinguished from desmoplasia associated with inva-
sive carcinoma. Tumors with foci of invasive carcinoma and subsequent loss of

Fig. 12. Example of multifocal BAC showing areas of white consolidation—mostly pleural
based—involving upper and lower lobes.
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alveolar architecture are classified as adenocarcinoma with mixed subtypes, and
the extent of the different components is specified, as in “adenocarcinoma, pre-
dominantly BAC type with focal acinar adenocarcinoma.” The cuboidal to co-
lumnar tumor cells may show mild pleomorphism, but are usually quite uniform
in appearance. A characteristic finding is the desquamation of tumor cells or
groups of cells into the alveolar spaces, which is believed to account for aerogen-
ous spread of the tumor. Satellite tumors are common, but it is unclear whether
these represent intrapulmonary metastases or separate primary tumors (52). Papil-
lary formation may be substantial and complex, especially in the nonmucinous
type, but when this pattern predominates, a diagnosis of papillary adenocarci-
noma is appropriate.

The nonmucinous type, the most common type of BAC, is composed of dome-
shaped cuboidal cells differentiating toward Clara cells, or less commonly, type
II pneumocytes (Fig. 14C). Clara cells have apical cytoplasmic protrusions con-
taining PAS-positive cytoplasmic granules, while type II pneumocytes have fine
cytoplasmic vacuoles or clear foamy cytoplasm and PAS-positive intranuclear
inclusions, but the distinction is not always obvious at the light microscopic level.
Both cell types may have intranuclear eosinophilic inclusions with clear halos,
PAS-positive intracytoplasmic vacuoles, and glycogen. Rare ciliated cells may
be identified. This variant usually shows more nuclear atypia than the mucinous
type. Nonmucinous BACs may also have considerable sclerosis, with thickening of
alveolar septa and central alveolar collapse. Such tumors have been erroneously
interpreted as scar carcinomas, but the fibrosis in most cases is now believed to
be secondary to the tumor (23). It has been suggested that proliferation of bron-

Fig. 13. Diffuse pneumonic variant of BAC (mixed type) showing nearly uniform consoli-
dation of this lower lobe. Pulmonary landmarks are clearly visible. Pleura shows marked
retraction on left.
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Fig. 14A,B. Typical growth pattern of nonmucinous BAC. Single layer of cuboidal to
columnar cells lines alveolar spaces surrounding a bronchiole.

chioloalveolar cells along alveolar septa with mild cytologic atypia overlapping
with that of nonmucinous BAC, usually termed atypical adenomatous hyperpla-
sia (AAH), is a precursor or even an early-stage lesion of nonmucinous BAC (58).
These are most often incidental lesions 5 mm or less in diameter, found in close
proximity to BAC or sometimes other types of adenocarcinoma (2). In addition
to similar morphology, the cells of AAH share many biologic properties with the
cells of adenocarcinoma, including genetic abnormalities such as abnormalities
of p53 and c-erb-B2 expression and K-ras mutations (59). Since it is usually found
incidentally in resected lungs, there is little opportunity to study the potentiality
for AAH to progress to carcinoma (3).
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The mucinous type of BAC (Fig. 15A,B) is composed of tall columnar cells
with varying amounts of cytoplasmic mucin, which displaces the nucleus to the
base of the cell (3). There is usually less nuclear pleomorphism than seen in the
nonmucinous type. Most cells have dense, small nuclei, and a few have slightly
larger nuclei with small nucleoli. The tumor cells may resemble goblet cells or
tall columnar cells, with pale or vacuolated cytoplasm (Fig. 15C). The intracyto-
plasmic mucin may be demonstrated with acid and neutral mucin stains. Alveolar
spaces, although preserved, are often distended with mucus, and exfoliated tumor

Fig. 14C. Clara-cell differentiation in nonmucinous BAC is characterized by apical cyto-
plasmic protrusions, resulting in a hobnail appearance.

Fig. 15A. Mucinous BAC showing columnar cells lining alveolar spaces. Tumor extends
to inner layer of visceral pleura but does not invade.
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cells and cell groups in the alveolar spaces are seen more frequently than in the
nonmucinous type, which may explain the more common occurrence of the dif-
fuse pneumonic form of the disease with this type. The alveolar septa usually
show less fibrosis than in the nonmucinous type. Lesions described as mucinous
cystic tumors, such as mucinous cystadenomas, mucinous tumors of borderline
malignancy, and mucinous cystadenocarcinoma (26) are probably variants of
mucinous BAC (5). A precursor lesion, analogous to AAH for nonmucinous BAC,
has not been identified.

Fig. 15B. Mucinous BAC showing well-developed papillary growth. Branching fibrovas-
cular stalks lined by single layer of columnar cells project into the alveolar lumens.

Fig. 15C. Tumor cells of mucinous BAC are more uniform and show less nuclear pleomor-
phism than those of nonmucinous BAC. Cytoplasm is pale, with faintly visible mucin-
containing vacuoles.
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Rarely, BACs with both mucinous and nonmucinous components can be seen,
or it may not possible to distinguish the cell type. The term indeterminate type
has been applied in either situation.

3.3.5. SPECIAL STUDIES

The same immunostains useful in the evaluation of adenocarcinomas can be
applied to BACs. In particular, the cells of nonmucinous BAC may express
markers for Clara cells and type II pneumocytes (36). In one study, the pulmo-
nary surfactant was positively identified in all 23 nonmucinous BACs and none
of the 34 mucinous BACs (37). These markers are seldom necessary for a diag-
nosis. Mucin stains may be helpful in identifying the mucinous type of BAC or
a mucinous component in an indeterminate type. Electron microscopy may also
demonstrate secretory granules typical of Clara-cells, myelin bodies typical of
type II pneumocytes, or mucin-producing cells (60,61), but these features may
be found in other pulmonary carcinomas, including adenocarcinomas and LCCs.

3.3.6. DIFFERENTIAL DIAGNOSIS

Reactive hyperplasia of type II pneumocytes associated with inflammatory and
fibrosing processes in the lung—including infections, diffuse alveolar damage,
pneumoconiosis, and reactions to chemotherapy or radiation—may resemble
the lepidic proliferation of tumor cells in BAC, particularly the nonmucinous
type. Pulmonary scars may show fibrocystic changes with mucin-filled, cysti-
cally dilated airways that may mimic the appearance of mucinous BAC. The dis-
tinction may be particulary difficult in frozen sections. The more heterogeneous
appearance of the cells, foci of squamous metaplasia, and the presence of cilia
may help distinguish these reactions from carcinoma, but it is essential to cor-
relate the histologic findings with clinical and radiographic information.

The histologic and molecular biologic similarities of AAH and nonmucinous
type BAC have been mentioned. This presumed precursor to BAC is found
incidentally in lungs resected for carcinomas, including non-BAC types, and is
typically seen as discrete, small nodules with less cytologic atypia than seen in
BAC. Similar proliferation of type II pneumocytes, and sometimes Clara cells,
is seen also in alveolar adenoma, papillary adenoma, sclerosing hemangioma,
and micronodular pneumocyte hyperplasia (3), which may present as solitary
or multiple, small, peripheral nodules. The latter is most often associated with
tuberous sclerosis.

Primary lung adenocarcinoma with mixed subtypes may have a predominant
BAC component, and can only be identified through a careful search for foci of
stromal invasion. Pulmonary and nonpulmonary carcinomas metastatic to the
lung may sometimes have proliferation of type II pneumocytes peripherally that
resemble BAC (44). Adequate sampling will usually resolve any confusion in
these cases. Metastases of mucinous carcinomas of gastrointestinal, ovarian, or
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mammary origin may resemble mucinous BAC. If clinical information is insuf-
ficient to resolve any possible confusion, the immunohistochemical profile may
be helpful in doing so. PAC is distinguished from papillary BAC by the extent
and complexity of papillary development. Epithelial mesothelioma with a promi-
nent papillary or tubular pattern may also suggest BAC, and may require appro-
priate immunohistochemical staining for identification as detailed here.

3.4. Adenosquamous Carcinoma
3.4.1. DEFINITION

Adenosquamous carcinoma is carcinoma composed of both SCC and adeno-
carcinoma, with each component comprising at least 10% of the tumor volume
(3). The 10% requirement, previously set at 5%, is arbitrary, and given the ten-
dency for heterogeneity among lung carcinomas, it is not certain whether these
tumors comprise a distinct clinicopathologic entity.

3.4.2. CLINICAL AND PATHOLOGICAL FEATURES

Clinically and radiographically adenosquamous carcinomas do not differ from
NSCLCs, with the exception of BAC, although they are more frequently periph-
erally located. The incidence—about 2.0%, ranging from 0.4 to 4.0% of lung
carcinomas—may be rising (62–64). Adenosquamous carcinomas are grossly
similar to squamous-cell or adenocarcinoma. Microscopically, either the squa-
mous or adenocarcinomatous component may predominate and may be well, mod-
erately, or poorly differentiated independent of the other component (Fig. 16).
Since the SCCs sometimes contain mucin droplets, it is more difficult to establish

Fig. 16. Adenosquamous carcinoma. Glandular structures are clearly evident at this mag-
nification, but squamous component is more poorly differentiated. Intercellular bridges
and keratinization were present in other areas.
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a diagnosis of adenosquamous carcinoma if the adenocarcinomatous component
is of the solid type with mucin. The two components may be admixed or rela-
tively compartmentalized. Stains for mucin are positive in the glandular compo-
nent, and immunohistochemical and electron-microscopic findings are similar
to those found in either SCC or adenocarcinoma in the pure state (62–65). Some-
times, a component of LCC is also found. If small-cell carcinoma is included, the
tumor is classified as combined small-cell carcinoma (3).

3.5. Large-Cell Carcinoma (LCC)
3.5.1. DEFINITION

LCC is an undifferentiated carcinoma that lacks the cytologic features of small
cell, squamous-cell, or adenocarcinoma. Typically, the cells of LCC have abun-
dant cytoplasm with well-defined borders, large vesicular nuclei, and prominent
nucleoli (3). Evidence of glandular or squamous differentiation, or both, is often
apparent at the ultrastructural level (66), but the identification of gland forma-
tion, mucin production, keratinization, or intercellular bridges by light micros-
copy places the tumor into the adenocarcinoma or SCC categories. Extensive
sampling may be necessary to demonstrate such features, and small biopsies are
therefore inadequate to establish the diagnosis of LCC. Large-cell neuroendo-
crine carcinoma (LCNEC) is LCC with morphologic features as well as immuno-
histochemical or ultrastructural proof of neuroendocrine differentiation. Although
LCNEC shares morphologic, molecular, and clinical characteristics with small-
cell carcinoma, the WHO prefers to classify them as LCC until there is evidence
that they respond to the chemotherapy used for small-cell carcinoma (3). Several
other variants of LCC are also described in the following sections.

3.5.2. CLINICAL FEATURES

LCC, like SCC, has declined in number relative to the rising incidence of ade-
nocarcinoma, falling from 17% of lung carcinomas before 1978 to 8.1% between
1986 and 1989 in one series (51). Clinically, patients with LCC differ little from
patients with squamous-cell or adenocarcinoma other than BAC.

3.5.3. GROSS FEATURES

Similar to other poorly differentiated or advanced NSCLCs, LCCs usually
form large, well-demarcated masses that may be centrally or more often periph-
erally located (1) (Fig. 17). They are usually soft and grayish-white with anthra-
cotic pigment, and show extensive hemorrhage, necrosis, and cavitation. They
may invade the overlying pleura, chest wall, or adjacent hilar structures.

3.5.4. MICROSCOPIC FEATURES

The histologic appearance of LCC is variable (1,3,5) but most are solid tumors
composed of large polygonal cells arranged in sheets or nests, suggesting poorly
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differentiated squamous-cell or adenocarcinoma (Fig. 18A). The tumor cells
have abundant cytoplasm and well-defined cell borders imparting a squamoid
appearance, but there is no keratinization or intercellular bridges (Fig. 18B). The
cytoplasm may be eosinophilic, clear, or vacuolated, with rare mucus droplets.
When mucin is readily apparent, the neoplasm is classified as solid adenocarci-
noma with mucin. The nuclei are large, oval, or pleomorphic, and vesicular, with
chromatin condensed against nuclear membranes, and there are prominent eosi-
nophilic nucleoli. Mitoses may be numerous, particularly in LCNEC. Hemorrhage

Fig. 17. Well-demarcated, peripherally located LCC. Tumor is typically soft and grayish-
white, with areas of hemorrhage and necrosis (darker areas in tumor).

Fig. 18A. LCC showing coalescing tumor nodules, with central necrosis reminiscent of
poorly differentiated SCC.



62                                                              Stancu and Libbey

and necrosis are common, and there may be extensive fibrosis associated with
invasive and destructive tumors. Acute and chronic inflammation is seen to some
extent in most tumors, and granulomatous and eosinophilic infiltrates have also
been described. A rather common pattern is loss of cellular cohesion associated
with dense neutrophilic infiltration (Fig. 18C), which correlates with loss of cel-
lular junctions (67) and immunohistochemical markers of epithelial differentia-
tion, and also with a more aggressive clinical course (68).

Fig. 18B. Typical cellular appearance of LCC. Large polygonal cells with abundant
cytoplasm, large pleomorphic nuclei, and prominent nucleoli.

Fig. 18C. LCC with less cohesive, markedly pleomorphic tumor cells in inflammatory
background with numerous neutrophils.
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3.5.5. LARGE-CELL NEUROENDOCRINE CARCINOMA (LCNEC)
Table 2 shows the various ways in which LCC (or any other NSCLC) may

express neuroendocrine features. It may show neuroendocrine morphology—
an organoid nesting, trabecular, palisading, or rosette-like growth pattern—
without immunohistochemical or ultrastructural evidence of neuroendocrine
differentiation. It may lack neuroendocrine morphology, but show evidence of
neuroendocrine differentiation by immunohistochemistry or electron micros-
copy. However, LCNEC is defined as LCC with the morphologic features, and
either immunohistochemical or ultrastructural proof of neuroendocrine differ-
entiation (3). It is presently unclear whether there are any significant clinical dif-
ferences among LCCs with these various forms of neuroendocrine expression,
or whether they respond to chemotherapy used for SCLC. The latter is particularly
relevant, given the difficulty in separating LCNEC from SCLC or combined
LCC/SCLC histologically (69). LCNEC is composed of large polygonal cells
with moderate to abundant cytoplasm. The cells are arranged in nodular clusters,
which show a neuroendocrine growth pattern. The nodules often show central,
infarct-like necrosis, but the nuclear disintegration and smearing associated with
SCLC is not common in LCNEC. In contrast to SCLC, the nuclei of LCNEC are
large and vesicular, and have prominent nucleoli. Some tumors may have finely
granular chromatin and no nucleoli, but are placed in this category rather than
SCLC because of their large cell size and abundant cytoplasm (Fig. 19A). The
mitotic rate is high, by definition greater than 10 per 2 mm2 (ten high-power
fields), averaging over 70/2 mm2. Positive staining for chromogranin or synapto-
physin constitutes acceptable immunohistochemical evidence of neuroendo-
crine differentiation (Fig. 19B), but staining for NSE does not. Dense-core granules
are seen on electron microscopy. LCNEC may be seen in combination with other
NSCLC.

Table 2
Neuroendocrine Features of LCCa

Subtype LCNEC LCC-NM LCC-ND LCC

Neuroendocrine morphology:  +  +  –  –
organoid, trabecular, rosettes

Neuroendocrine markers by IHb +  –  +  –
and/or EMc

aLCNEC = large-cell neuroendocrine carcinoma; LCC = large-cell carcinoma; LCC-NM = LCC
with neuroendocrine morphology; LCC-ND = LCC with neuroendocrine differentiation; IH = immu-
nohistochemistry; EM = electron microscopy.

bNeuroendocrine markers detected by immunohistochemistry are chromogranin and synaptophysin.
cNeuroendocrine markers detected by electron microscopy are secretory granules.
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3.5.6. OTHER VARIANTS

Basaloid carcinoma is composed of cuboidal to fusiform cells with hyperchro-
matic nuclei, finely granular chromatin, absent or rare nucleoli, scant cytoplasm,
and high mitotic rate (3). Nodules of tumor cells show peripheral palisading and
frequent comedonecrosis. Often endobronchial and associated with squamous
metaplasia of the bronchial epithelium, one-half of the tumors show intercellular
bridges or keratin and are classified as basaloid SCC, while the rest lack these
features and are classified as LCC. Neuroendocrine markers are negative.

Fig. 19A. LCNEC. Tumor cells resemble small-cell carcinoma, but many have clearly
visible nucleoli and fairly abundant cytoplasm. Such a tumor may have been previously
classified as intermediate small-cell carcinoma or mixed small cell/large cell carcinoma.

Fig. 19B. LNEC. Same tumor showing positive staining for synaptophysin (immunoper-
oxidase stain).
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Lymphoepithelioma-like carcinoma is a variant of LCC histologically similar
to nasopharyngeal lymphoepithelial carcinoma, with nests of large malignant
cells in a lymphoid-rich stroma (3). This variant is more common in Southeast
Asia, and is frequently associated with Epstein-Barr virus infection (70–72).

LCC with pure or predominant clear-cell features, or clear-cell carcinoma,
accounts for a very small number of lung tumors with clear cells, most of which
are squamous or adenocarcinomas (22,73). Accurate classification may require
extensive sampling. Glycogen may or may not be present. Mucus in any substan-
tial amount is absent.

LCC with rhabdoid phenotype has tumor cells with prominent eosinophilic
cytoplasmic globules composed of intermediate filaments, which may be positive
for vimentin and cytokeratin. The rhabdoid phenotype may be focal or extensive
in any of the lung carcinomas, but is more frequently found in poorly differen-
tiated tumors with large-cell appearance (3).

The pleomorphic, spindle-cell, and giant-cell variants of LCC are examined
here with other pleomorphic and sarcomatoid carcinomas.

3.5.7. SPECIAL STUDIES

LCCs express high and low mol-wt cytokeratins, EMA and CEA in a majority
of cases. These may be helpful in distinguishing LCC from nonepithelial neo-
plasms, but are not useful in separating LCC from other lung carcinomas. Not
surprisingly, B72.3, a general marker for adenocarcinomas, is positive in one-
quarter of cases, and it is not currently recommended that markers for pulmonary
adenocarcinoma, such as surfactant apoprotein and cytokeratin 7, be used to dis-
tinguish LCC from adenocarcinoma of the lung. The use of neuroendocrine mark-
ers to identify LCNEC or LCC with neuroendocrine features is discussed above.
Other peptides, such as bombesin, serotonin, corticotropin, and neurotensin, have
also been rarely identified but have little practical significance (39,74,75). As men-
tioned, EM demonstrates glandular or squamous features or both in most LCCs
but is not used to classify these tumors. Loss of desmosomes and intercellular
junctions on EM (76) and immunohistochemical evidence of loss of cell cohe-
sion, such as lack of staining for keratin, EMA, secretory component, and CEA (68),
have been correlated with a poorer prognosis for LCC, as well as other lung car-
cinomas. However, these studies are not routinely used for prognostic purposes.

3.5.8. DIFFERENTIAL DIAGNOSIS

Searching the tumor extensively for evidence of squamous or glandular differ-
entiation is of primary importance in distinguishing between LCC and poorly dif-
ferentiated squamous-cell or adenocarcinoma of the lung. The distinction between
LCC—especially LCNEC—and SCLC can be difficult. In the case of poorly dif-
ferentiated carcinoma metastatic to the lung, clinical history, histologic compari-
son with the original tumor, immunohistochemistry, or possibly molecular genetics
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may be helpful in excluding a primary LCC. The possibility of RCC should be con-
sidered in the case of a clear-cell carcinoma. Large-cell lymphomas, Hodgkin’s
disease with pleomorphic Reed-Sternberg cells, malignant melanoma, and various
sarcomas, whether primary in the lung or metastatic, may be confused with LCC.
These cases may be resolved by immunohistochemical stains for epithelial, lym-
phocytic, melanocytic, and stromal markers.

3.6. Small-Cell Lung Carcinoma (SCLC)
3.6.1. DEFINITION

SCLC is defined in purely morphological terms as carcinoma composed of
small, round, oval, or spindle-shaped cells with prominent nuclear molding,
scant cytoplasm, ill-defined cell borders, finely granular chromatin, absent or
inconspicuous nucleoli, and high mitotic rate (3). Immunohistochemical or elec-
tron microscopic evidence of neuroendocrine differentiation, although frequently
present, is not required for the diagnosis of SCLC. Nevertheless, SCLC is recog-
nized as part of the spectrum of neuroendocrine neoplasms of the lung, which
includes typical and atypical carcinoid tumors, SCLC, and LCNEC (4,69,77,78).
Although these tumors share histological, immunohistochemical, and ultrastruc-
tural characteristics of neuroendocrine differentiation (Table 3), they have not
clinically shown the same continuity that they do morphologically. In contrast
to SCLC and LCNEC, typical and atypical carcinoid tumors are frequently found
in young nonsmokers, and may be associated with pulmonary neuroendocrine-
cell hyperplasia, tumorlets (small nodular proliferations of neuroendocrine cells),
or multiple endocrine neoplasia (MEN) type I; they do not predispose to the
concomitant or subsequent development of LCNEC or SCLC. The survival for
the atypical carcinoid is intermediate between that for typical carcinoid and
LCNEC or SCLC, while there is no significant difference between the survival
rates for LCNEC and SCLC (4). However, evidence that LCNEC responds to
chemotherapy like SCLC is lacking thus far. Until more clinical relevance of the
neuroendocrine classification can be demonstrated, the WHO will continue to
classify the carcinoid tumors LCNEC and SCLC as separate entities (3).

3.6.2. CLINICAL FEATURES

SCLC comprises 15–25% of all lung cancers (3). It is similar to NSCLC, other
than BAC, in its age distribution (median age of onset 60 years) and male pre-
dominance. It also shares the same risk factors, especially smoking and other
toxic exposures. SCLC is distinctive for its rapid onset and aggressive clinical
course, with symptoms related to an enlarging central tumor with mediastinal
involvement and several paraneoplastic syndromes associated with the secretion
of certain neuropeptides or hormones. Most patients present with extensive stage
disease, sometimes without a detectable lung or mediastinal tumor. The most
important clinical feature of SCLC is its responsiveness to chemotherapy and
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radiation. Surgical resection is considered in a small number of cases with very
limited disease (79).

3.6.3. GROSS FEATURES

Most SCLCs are central or hilar tumors, which arise in a major bronchus and
infiltrate the wall, causing bronchial constriction or compression without form-
ing much of an intraluminal or bulky parenchymal mass (80) (Fig. 20). The tumor
often extensively invades hilar lymph nodes and adjacent mediastinal structures,
sometimes with an inconspicuous or undetectable bronchial or pulmonary site
of origin. The cut surface is usually white-tan and soft, and shows extensive nec-
rosis. Occasionally, SCLC may form a small intrabronchial tumor or peripheral
nodule (81,82).

3.6.4. MICROSCOPIC FEATURES

The histologic classification of SCLC has continued to change over the last
two decades. Familiar descriptive terms and subtypes, such as oat-cell carci-
noma, intermediate cell type, and mixed small-cell/LCC (3,83), because they lack
reproducibility and clinical relevance, have been eliminated in the most recent
classification (3). Now, only pure SCLC and a single variant, combined small-
cell carcinoma (SCLC combined with NSCLC) are recognized.

Fig. 20. SCLC. Autopsy specimen showing typical growth in bronchial wall with invasion
of peribronchial, hilar, and carinal lymph nodes, without formation of large pulmonary
parenchymal mass.
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 Inherent in this change is recognition of the morphologic spectrum of the cells
that compose SCLC. They may be round, oval, or spindle-shaped, with scant cyto-
plasm (Fig. 21A). Classically, they are described as being two to three times the
size of a small resting lymphocyte, but their size may range up to 45 μm, and cyto-
plasm may be more evident in larger, well-fixed specimens or frozen sections (84).
In the past, tumors composed of cells in the larger-size range have been classified
as intermediate cell type of SCLC, but are now more problematic, as some may

Fig. 21A. SCLC showing classic spindle or “oat cell” appearance.

Fig. 21B. SCLC showing closely packed cells with scant or no visible cytoplasm, hyper-
chromatic nuclei with finely granular chromatin, and indistinct or absent nucleoli.
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meet criteria for the diagnosis of LCNEC (69,77) (Fig. 19). Particular attention
must be paid to the prominence of nucleoli in these cases. The tumor cells of
SCLC have nuclei with finely granular, so-called “salt and pepper” chromatin,
and absent or inconspicuous nucleoli (83,85) (Fig. 21B). Adjacent nuclei often
appear to be molded together. By definition (3), mitotic activity is higher than
10 mitotic figures per 2 mm2 (10 high-power fields) averaging 60–70 and rang-
ing up to over 200 per 2 mm2.

Fig. 21C. SCLC showing characteristic extensive necrosis, and numerous disintegrated
nuclei with smeared chromatin.

Fig. 21D. SCLC showing typical finely granular nuclear chromatin and dense, smeared
chromatin encrusting walls of small blood vessels (Azzopardi effect).
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 The tumor is almost always extensively necrotic, and “nuclear fragility,” or
disruption of nuclear membrane with smearing of chromatin (Fig. 21C), is usu-
ally conspicuous. Encrustation of blood-vessel walls with basophilic nucleic
acids from disintegrated cells—the so-called Azzopardi effect (85)—is also
characteristic (Fig. 21D). These features may also be seen in NSCLC and other
tumors, but are rarely as prominent as they are in SCLC (4). SCLC infiltrates
beneath the bronchial epithelium and through the bronchial wall without an in
situ component, although the overlying epithelium may sometimes show SCC
in situ. Most SCLCs do not have a specific growth pattern, but occasional tumors
can form nests, ribbons, streams, tubules, or ductules (85). Squamous or glandu-
lar differentiation or mucin production would indicate that the tumor is not SCLC
or could be a combined small-cell carcinoma.

3.6.5. VARIANT

When a component of NSCLC is identified in an otherwise typical SCLC, the
tumor is classified as combined small-cell carcinoma (3). The additional com-
ponent or components, which may be adenocarcinoma, SCC, LCC, or less com-
monly, spindle-cell or giant-cell carcinoma, should be specified in the diagnosis.
The extent of the non-small-cell component may vary, but is usually less than
5% of the tumor volume (86). Combined small-cell carcinoma is uncommon,
accounting for less than 10% of all untreated SCLC (83,86,87), but more exten-
sive sectioning may increase the chances of finding an additional component.
After therapy, the incidence increases significantly in previously pure SCLCs
(70,88–90), perhaps because of better sampling afforded by autopsy compared
to biopsy, a change in tumor type brought about by treatment, or selective resis-
tance of the non-small component to chemotherapy for SCLC.

Combined small-cell carcinomas do not differ clinically or in survival from
pure SCLC (86,87,91), although one study found a higher incidence of periph-
eral location for combined tumors and a prolonged survival in two patients who
underwent surgical resection in addition to chemotherapy (87). Stage of disease
is a better predictor of outcome than histologic subtype (86,92).

3.6.6. SPECIAL STUDIES

SCLC shows positive immunostaining for at least one of the standard markers
for neuroendocrine differentiation, including chromogranin A, synaptophysin,
Leu-7 (CD57), and NSE, in 76–100 percent of cases (93,94). The staining is usually
present in a minority of the tumor cells. Chromogranin, synaptophysin, and Leu-
7 are considered to be more specific for neuroendocrine differentiation (3), while
NSE is generally regarded as nonspecific. One study also found synaptophysin
to be considerably less specific than chromogranin in identifying tumors with
neuroendocrine differentiation (94). Positive staining for these markers has also
been identified in as many as 80% of NSCLC with or without neuroendocrine
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morphology (94), and none of these markers are necessary to establish the diag-
nosis of SCLC, although they may provide supportive evidence in some cir-
cumstances. A variety of other general neuroendocrine markers, peptides, and
hormones—including bombesin and ACTH—have been identified in SCLC and
other neuroendocrine tumors (5), but are not of practical importance. The com-
monly used cytokeratins (AE1/ AE3) have been found to be positive in all cases
of SCLC in one study (93), usually in a majority of the cells. Rarely, a “dot-like”
staining pattern for cytokeratin, similar to that seen in Merkel-cell carcinoma, a
cutaneous neuroendocrine tumor, is seen (5). Other markers of epithelial differ-
entiation, such as EMA, CEA, and even B72.3, have also been identified in a sig-
nificant percentage of SCLC (93,94). Immunostaining for p53 and proliferation
marker Ki-67 has been shown to be higher in SCLC and LCNEC than in the typ-
ical and atypical carcinoid tumors, while staining for retinoblastoma protein
(OP-66) is usually negative in contrast to the positivity seen in the lower-grade
neuroendocrine tumors (78,95).

Electron microscopy shows scant cytoplasm with occasional features of epi-
thelial differentiation, such as acinar formation, desmosomes, and tonofilaments,
but most cells have few organelles. Dense-core secretory granules indicative of
neuroendocrine differentiation are small (100–130 nm), relatively scarce, and
are absent in up to one-third of the cases of SCLC (96–98).

3.6.7. DIFFERENTIAL DIAGNOSIS

In addition to the other neuroendocrine tumors of the lung, which are com-
pared in Table 3, SCLC must be distinguished from the poorly differentiated
variants of NSCLC, some of which may show neuroendocrine morphology or
differentiation. This may be especially difficult in specimens with extensive crush
artifact or necrosis. Strict adherence to the morphologic criteria for SCLC and
insistence on adequately preserved tissue for diagnosis are necessary to identify
or exclude a possible small-cell component in these cases. A high degree of
interobserver disagreement is reported, even in optimal specimens (99).

Table 3
Pathologic Features of Neuroendocrine Neoplasmsa

Neoplasm  Pattern   Mitoses Necrosis N/C Ratio    Nucleoli   NEM

TC Organoid <2/2mm2 None Moderate Occasional Positive
AC Organoid 2–10/2mm2 Punctate Moderate Common Positive
LCNEC Organoid >10/2mm2 Abundant Low Often prominent Positive
SCLC Diffuse >10/2mm2 Abundant High Absent/ obscure Often

a TC = typical carcinoid; AC = atypical carcinoid; LCNEC = large-cell neuroendocrine carci-
noma; SCLC = small-cell lung carcinoma; N/C = nuclear/cytoplasmic; NEM = neuroendocrine
markers (synaptophysin or chromogranin positivity on immunostaining or neurosecretory granules
on electron microscopy).

bModified from Rusch (78) and Travis (4).



72                                                              Stancu and Libbey

Nonpulmonary neuroendocrine neoplasms, such as Merkel-cell carcinoma,
other “small blue-cell tumors,” such as Ewing’s sarcoma/primitive neuroecto-
dermal tumor (PNET) and embryonal rhabdomyosarcoma, and lymphoid infil-
trates, benign or malignant, may suggest SCLC when they involve the lung,
mediastinum, or thoracic cavity. Metastatic carcinomas from the breast or pros-
tate may also be composed of relatively small, monotonous cells. When morpho-
logic features alone are not enough to identify the true nature of the neoplasm,
immunostaining for epithelial markers such as cytokeratins, lymphocyte mark-
ers such as leukocyte common antigen and other specific tumor markers may be
helpful in this respect.

3.7. Carcinomas with Pleomorphic,
Sarcomatoid, and Sarcomatous Elements

3.7.1. CARCINOMAS WITH SPINDLE AND/OR GIANT CELLS

The WHO has revised its classification of tumors containing a significant num-
ber of spindle cells, giant cells, or both, based largely on the findings of Fishback
et al., who studied 78 cases of tumors with these features (29). Histologically,
these tumors fall into three categories: Pleomorphic carcinoma is defined as
poorly differentiated NSCLC in which spindle cells and/or giant cells comprise
at least 10% of the tumor volume (Fig. 22A,B), or carcinoma composed entirely
of spindle and giant cells. Spindle-cell carcinoma is composed entirely of spindle-
shaped cells, and giant-cell carcinoma is composed entirely of neoplastic giant
cells (3) (Fig. 23A,B). Collectively, tumors in these three categories are rare,
accounting for 0.3% of all lung malignancies; they are often large, high-stage,
peripheral tumors with frequent chest-wall invasion, and they have a median
survival of 10 mo, similar to that of LCC (29).

The histologic appearance of the spindle-cell component ranges from relatively
plump fusiform or epithelioid cells with large, vesicular, pleomorphic nuclei and
nucleoli to slender, spindle-shaped cells with smaller nuclei, no nucleoli, and
indistinct cytoplasm that often merges with stromal collagen (Fig. 22B). The
cells are arranged in sheets, fascicles, or a storiform pattern with a sparse inflam-
matory infiltrate, mostly lymphocytes. It may be difficult to distinguish the tumor
from reactive stromal desmoplasia. Immunohistochemical stains for cytokeratin
are positive in most of the spindle cells in nearly all cases, and EMA in half of
the cases, while staining for CEA is positive focally in one-half of the cases. Stain-
ing for vimentin is positive in nearly all of the cells in most cases (29).

The tumor giant cells are very large, measuring up to 80 μm, with abundant
cytoplasm and multiple nuclei, or a single large pleomorphic or bizarre nucleus
with dense or vesicular chromatin and prominent nucleoli. In giant-cell carci-
noma, the cells may be compactly or loosely arranged in a background of mixed
inflammatory cells, hemorrhage, and necrosis. Emperipolesis of neutrophils or
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Fig. 22A. Pleomorphic carcinoma. Spindle-cell component merges with epithelial
components—in this case both squamous and glandular—of NSCLC.

Fig. 22B. Spindle cells of pleomorphic carcinoma vary from plump epithelioid cells to
elongated spindle cells.

sometimes lymphocytes may be a conspicuous feature. Foreign body or Langhans’
giant cells are sometimes present, but not osteoclast-like giant cells (29). Immu-
nostains are usually focally or diffusely positive for cytokeratins and vimentin,
and occasionally positive for EMA (67,100). Ultrastructurally, the giant cells are
similar to LCC, with evidence of glandular or squamous differentiation as well
as numerous mitochondria and emperipolesis; a paucity of desmosomes corre-
lates with lack of cell cohesion (67,101,102).
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Seventy-eight percent of these tumors are pleomorphic carcinomas, with a
component of LCC (45%), adenocarcinoma (24%), or SCC (8%), while 13% are
pleomorphic carcinomas composed only of spindle and giant cells. Pure spindle-
cell carcinoma comprises 7.7%, while pure giant-cell carcinoma comprises only
1.3% of the group (29). SCLC with spindle or giant cells is classified as com-
bined SCLC. Pleomorphic carcinoma with heterologous stromal elements such

Fig. 23A. Giant-cell carcinoma is composed of noncohesive masses of large cells with
pleomorphic, often multiple nuclei and abundant cytoplasm.

Fig. 23B. Background of giant-cell carcinoma contains numerous inflammatory cells—
mostly neutrophils—some of which show emperipolesis or phagocytosis by the tumor
cells (bottom center).
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as malignant bone, cartilage, or skeletal muscle is classified as carcinosarcoma
(Fig. 24A,B), and a biphasic tumor containing a primitive epithelial element resem-
bling fetal adenocarcinoma and a primitive stroma with occasional foci of oste-
osarcoma, chondrosarcoma, or rhabdomyosarcoma is classified as pulmonary
blastoma. Rare combinations of carcinosarcoma with pulmonary blastoma, and
pulmonary blastoma with conventional adenocarcinoma, may occur (3).

Fig. 24A. Carcinosarcoma showing poorly differentiated glandular component in back-
ground of neoplastic spindle cells, with a fascicular growth pattern typical of many spindle-
cell sarcomas. Other areas show squamous epithelial elements.

Fig. 24B. Sarcomatous component of carcinosarcoma, showing heterologous elements,
in this case elongated multinucleated rhabdomyoblasts.



76                                                              Stancu and Libbey

REFERENCES

1. Linnoila I. Pathology of non-small cell lung cancer. New diagnostic approaches. Hematol
Oncol Clin N Am 1990;4:1027–1051.

2. Colby TV, Wistuba II, Gazdar A. Precursors to pulmonary neoplasia. Adv Anat Pathol 1998;
5:205–215.

3. Travis WD, Colby TV, Corrin B, Shimosato Y, Brambilla E, Sobin LH, eds. World Health
Organization. International Histological Classification of Tumors, 3rd ed. Springer-Verlag,
Heidelberg, Germany, 1999.

4. Travis WD, Rush W, Flieder D, et al. Survival analysis of 200 pulmonary neuroendocrine
tumors: with clarification of criteria for atypical carcinoid and its separation from typical
carcinoid. Am J Surg Pathol 1998;22:934–944.

5. Colby TV, Koss MN, Travis WD, eds. Atlas of tumor pathology. Tumors of the lower
respiratory tract, 3rd series. Armed Forces Institute of Pathology, Washington, DC, 1995.

6. Leslie KO, Colby TV. Pathology of lung cancer. Curr Opin Pulm Med 1997;3:252–256.
7. Mooi WJ, Dingemans KP, Wagenaar SS, Hart AA, Wagenvoort CA. Ultrastructural hetero-

geneity of lung carcinomas: representativity of samples for electron microscopy in tumor
classification. Hum Pathol 1990;21:1227–1234

8. Roggli VL, Vollmer RT, Greenberg SD, McGavran MH, Spjut HJ, Yesner R. Lung cancer
heterogeneity: a blinded and randomized study of 100 consecutive cases. Hum Pathol 1985;
16:569–579.

9. Gazdar AF, Linnoila RI. The pathology of lung cancer—changing concepts and newer diag-
nostic techniques. Semin Oncol 1988;15:215–225.

10. Bejui-Thivolet F, Liagre N, Chignol MC, Chardonnet Y, Patricot LM. Detection of human
papillomavirus DNA in squamous bronchial metaplasia and squamous cell carcinomas of
the lung by in situ hybridization using biotinylated probes in paraffin-embedded specimens.
Hum Pathol 1990;21:111–116.

11. Syrjanen KJ, Syrjanen SM. Human papillomavirus DNA in bronchial squamous cell carci-
noma. Lancet 1987;1:168–169.

12. Gorgoulis VG, Zacharatos P, Kotsinas A, et al. Human papilloma virus (HPV) is possibly
involved in laryngeal but not in lung carcinogenesis. Hum Pathol 1999;30:274–283.

13. Kreuzer M, Kreienbrock L, Müller KM, Gerken M, Wichmann E. Histologic types of lung
carcinoma and age at onset. Cancer 1999;85:1958–1965.

14. Brownson RC, Loy TS, Ingram E, et al. Lung cancer in nonsmoking women. Cancer 1995;75:
29–33.

15. Mizushima Y, Yokoyama A, Ito M, et al. Lung carcinoma in patients younger than 30 years.
Cancer 1999; 85:1730–1733.

16. Kodama T, Shimosato Y, Koide T, Watanabe S, Yoneyama T. Endobronchial polypoid
adenocarcinoma of the lung. Histological and ultrastructural studies of five cases. Am J Surg
Pathol 1984;8:845–854.

17. Mackay B, Lukeman JM, Ordoñez NG. Tumors of the lung. In: Mitchell J, ed. Major
Problems in Pathology, Vol 24. WB Saunders, Philadelphia, PA, 1991, pp. 100–164.

18. Matthews MJ. Morphology of lung cancer. Semin Oncol 1974;1:175–182.
19. Greenberg SD, Fraire AE, Kinner BM, Johnson EH. Tumor cell type versus staging in the

prognosis of carcinoma of the lung. Pathol Annu 1987;22(Pt 2):387–405.
20. Bolen JW, Thorning D. Histogenetic classification of pulmonary carcinomas. Peripheral

adenocarcinomas studied by light microscopy. Pathol Annu 1982;17(Pt 1):77–100.
21. Montes M, Binette JP, Chaudhry AP, Adler RH, Guarino R. Clara cell adenocarcinoma.

Light and electron microscope studies. Am J Surg Pathol 1977;1:245–253.
22. Katzenstein AL, Prioleau PG, Askin FB. The histologic spectrum and significance of clear

cell change in lung carcinoma. Cancer 1980;45:943–947.



Chapter 2 / Pathology of Lung Carcinoma 77

23. Madri JA, Carter D. Scar cancers of the lung: origin and significance. Hum Pathol 1984;15:
625–631.

24. Silver SA, Askin FB. True papillary carcinoma of the lung. A distinct clinicopathologic
entity. Am J Surg Pathol 1997:21:43–51.

25. Bodner SM, Koss MN. Mutations in the p53 gene in pulmonary blastomas: immunohis-
tochemical and molecular studies. Hum Pathol 1996;27:1117–1123.

26. Graeme-Cook F, Mark EJ. Pulmonary mucinous cystic tumors of borderline malignancy.
Hum Pathol 1991;22:185–190.

27. Kish JK, Ro JY, Ayala AG, McMurtrey MJ. Primary mucinous adenocarcinoma of the lung
with signet-ring cells: a histochemical comparison with signet-ring carcinomas of other
sites. Hum Pathol 1989;20:1097–1102.

28. Cagle PT, Alpert LC, Carmona PA. Peripheral biphasic adenocarcinoma of lung: light micro-
scopic and immunohistochemical findings. Hum Pathol 1992;23:197–200.

29. Fishback N, Travis W, Moran C, Guinee DG, McCarthy W, Koss MN. Pleomorphic (spindle/
giant cell) carcinoma of the lung: a clinicopathologic study of 78 cases. Cancer 1994;73:
2936–2945.

30. Ishikura H, Kanda M, Ito M, Nosaka K, Mizuno K. Hepatoid adenocarcinoma: a distinctive
histological subtype of alpha-fetoprotein-producing lung carcinoma. Virchows Arch A 1990;
417:73–80.

31. Tsao MS, Fraser RS. Primary pulmonary adenocarcinoma with enteric differentiation. Cancer
1991;68:1754–1757.

32. van de Molengraft FJ, van Niekerk CC, Jap PH, Poels LG. OV-TL 12/30 (keratin 7 antibody)
is a marker of glandular differentiation in lung cancer. Histopathology 1993;22:35–38.

33. Ramaekers F, van Niekerk C, Poels L, et al. Use of monoclonal antibodies to keratin 7 in the
differential diagnosis of adenocarcinomas. Am J Pathol 1990;136:641–655.

34. Wang NP, Zee S, Zarbo RJ, Bacchi CE, Gown AM. Coordinate expression of cytokeratins
7 and 20 defines unique subsets of carcinomas. Appl Immunohistochem 1995;3:99–107.

35. Moll R, Lowe A, Laufer J, Franke WW. Cytokeratin 20 in human carcinomas. A new histo-
diagnostic marker detected by monoclonal antibodies. Am J Pathol 1992;140:427–447.

36. Linnoila RI, Jensen SM, Steinberg SM, Mulshine JL, Eggleston JC, Gazdar AF. Peripheral
airway cell marker expression in non-small cell lung carcinoma. Association with distinct
clinicopathologic features. Am J Clin Pathol 1992; 97:233–243.

37. Nicholson AG, McCormick CJ, Shimosato Y, Butcher DN, Sheppard MN. The value of
PE-10, a monoclonal antibody against pulmonary surfactant, in distinguishing primary and
metastatic lung tumors. Histopathology 1995;27:57–60.

38. Battifora H, McCaughey WTE. Atlas of Tumor Pathology. Tumors of the serosal mem-
branes, 3rd ed. Armed Forces Institute of Pathology, Washington, DC, 1995.

39. Linnoila RI, Mulshine JL, Steinberg SM, et al. Neuroendocrine differentiation in endocrine
and nonendocrine lung carcinomas. Am J Clin Pathol 1988;90:641–652.

40. Visscher DW, Zarbo RJ, Trojanowski JQ, Sakr W, Crissman JD. Neuroendocrine differen-
tiation in poorly differentiated lung carcinomas: a light microscopic and immunohistologic
study. Mod Pathol 1990;3:508–512.

41. Gatter KC, Dunnill MS, Heryet A, Mason DY. Human lung tumors: does intermediate fila-
ment coexpression correlate with other morphological or immunocytochemical features?
Histopathology 1987;11:705–714.

42. Dhillon AP, Rode J, Dhillon DP, et al. Neural markers in carcinoma of the lung. Br J Cancer
1985;51:645–652.

43. Kawai T, Torikata C, Suzuki M. Immunohistochemical study of pulmonary adenocarcinoma.
Am J Clin Pathol 1988;89:455–462.

44. Spencer H, ed. Pathology of the Lung, 4th ed. Pergamon Press, Ltd., Oxford, England, 1985,
p. 895.



78                                                              Stancu and Libbey

45. Blumenfeld W, Turi GK, Harrison G, Latuszynski D, Zhang C. Utility of cytokeratin 7 and
20 subset analysis as an aid in the identification of primary site of origin of malignancy in
cytologic specimens. Diagn Cytopathol 1999;20:63–66.

46. Raab SS, Berg LC, Swanson PE, Wick MR. Adenocarcinoma in the lung in patients with
breast cancer. A prospective analysis of discriminatory value of immunohistology. Am J Clin
Pathol 1993;100:27–35.

47. Kaufmann O, Kother S, Dietel M. Use of antibodies against estrogen and progesterone
receptors to identify metastatic breast and ovarian carcinomas by conventional immunohis-
tochemical and tyramide signal amplification methods. Mod Pathol 1998;11:357–363.

48. Moll R, Zimbelmann R, Goldschmidt MD, et al. The human gene encoding cytokeratin 20
and its expression during fetal development and in gastrointestinal carcinomas. Differentia-
tion 1993;53:75–93.

49. Schreiber G, Pitterle D, Kim YC, Bepler G. Molecular genetic analysis of primary lung can-
cer and cancer metastatic to the lung. Anticancer Res 1999;19:1109–1115.

50. Barsky SH, Cameron R, Osann KE, Tomita D, Holmes EC. Rising incidence of bron-
chioloalveolar lung carcinoma and its clinicopathologic features. Cancer 1994;73:1163–
1170.

51. Auerbach O, Garfinkel L. The changing pattern of lung carcinoma. Cancer 1991;68:1973–
1977.

52. Barkley JE, Green M. Bronchioloalveolar carcinoma. J Clin Oncol 1996;14:2377–2386.
53. Daly RC, Trastek VF, Pairolero PC. Bronchoalveolar carcinoma: factors affecting survival.

Ann Thorac Surg 1991;51:368–377.
54. Edgerton F, Rao U, Takita H, Vincent RG. Bronchio-alveolar carcinoma. A clinical over-

view and bibliography. Oncology 1981;38:269–273.
55. Antkowiak JG, Regal AM, Takita H. Bronchogenic carcinoma in patients under age 40. Ann

Thorac Surg 1989;47:391–393.
56. Greco RJ, Steiner RM, Goldman S, Cotler H, Patchefsky A, Cohn HE. Bronchoalveolar cell

carcinoma of the lung. Ann Thorac Surg 1986;41:652–656.
57. Okubo K, Mark EJ, Flieder D, et al. Bronchoalveolar carcinoma: clinical, radiologic, and

pathologic factors and survival. J Thorac Cardiovasc Surg 1999;118:702–709.
58. Kitamura H, Kameda Y, Takaaki I, Hayashi H. Atypical adenomatous hyperplasia of the

lung. Implications for the pathogenesis of peripheral lung adenocarcinoma. Am J Clin Pathol
1999;111:610–622.

59. Cooper CA, Carby FA, Bubb VI, Lamb D, Kerr KM, Wyllie AH. The pattern of K-ras muta-
tion in pulmonary adenocarcinoma defines a new pathway of tumor development in the human
lung. J Pathol 1997;181:101–104.

60. Clayton F. Bronchioloalveolar carcinomas. Cell types, patterns of growth, and prognostic cor-
relates. Cancer 1986;57:1555–1564.

61. Clayton F. The spectrum and significance of bronchioloalveolar carcinomas. Pathol Annu
1988;23:361–394.

62. Fitzgibbons PL, Kern WH. Adenosquamous carcinoma of the lung: a clinical and pathologic
study of seven cases. Hum Pathol 1985;16:463–466.

63. Ishida T, Kaneko S, Yokoyama H, Inoue T, Sugio K, Sugimachi K. Adenosquamous carci-
noma of the lung. Clinicopathologic and immunohistochemical features. Am J Clin Pathol
1992;97:678–685.

64. Sridar KS, Buonassi MJ, Raub W Jr, Richman SP. Clinical features of adenosquamous lung
carcinoma in 127 patients. Am Rev Resp 1990;142:19–23.

65. Takamori S, Noguchi M, Morinaga S. Clinicopathologic characteristics of adenosquamous
carcinoma of the lung. Cancer 1991;6:649–654.

66. Churg A. The fine structure of large cell undifferentiated carcinoma of the lung. Hum Pathol
1978;9:143–156.



Chapter 2 / Pathology of Lung Carcinoma 79

67. Addis BJ, Dewar A, Thurlow NP. Giant cell carcinoma of the lung—immunohistochemical
and ultrastructural evidence of dedifferentiation. J Pathol 1988;155:231–240.

68. Ishida T, Kaneko S, Tateishi M, et al. Large cell carcinoma of the lung. Prognostic implications
of histopathologic and immunohistochemical subtyping. Am J Clin Pathol 1990;93:176–182.

69. Travis WD, Gal AA, Colby TV, Klimstra DS, Falk R, Koss MN. Reproducibility of neuro-
endocrine lung tumor classification. Hum Pathol 1998;29:272–279.

70. Bégin LR, Eskandari J, Joncas J, Panasci L. Epstein-Barr virus related lymphoepithelioma-
like carcinoma of lung. J Surg Oncol 1987;36:280–283.

71. Butler AE, Colby TV, Weiss L, Lombard C. Lymphoepithelioma-like carcinoma of the lung.
Am J Surg Pathol 1989;13:632–639.

72. Pittaluga S, Wong MP, Chung LP, Loke SL. Clonal Epstein-Barr virus in lymphoepitheli-
oma-like carcinoma of the lung. Am J Surg Pathol 1993;17:678–682.

73. Edwards C, Carlile A. Clear cell carcinoma of the lung. J Clin Pathol 1985;38:880–885.
74. Piehl MR, Gould VE, Warren WH, et al. Immunohistochemical identification of exocrine

and neuroendocrine subsets of large cell lung carcinomas. Pathol Res Pract 1988;183:675–
682.

75. Said JW. Immunohistochemistry of lung tumors. Lung Biol Health Dis 1990;44:635–651.
76. McDonagh D, Vollmer RT, Shelburne JD. Intercellular junctions and tumor behaviour in

lung cancer. Mod Pathol 1991:4:436–440.
77. Travis WD, Linnoila I, Tsokos MG, et al. Neuroendocrine tumors of the lung with proposed

criteria for large-cell neuroendocrine carcinoma. An ultrastructural, immunohistochemical
and flow cytometric study of 35 cases. Am J Surg Pathol 1991;15:529–553.

78. Rusch VW, Klimstra DS, Venkatraman ES. Molecular markers help characterize neuroendo-
crine lung tumors. Ann Thorac Surg 1996;62:798–810.

79. Lassen U, Hansen HH. Surgery in limited stage small cell lung cancer. Cancer Treat Rev
1999;25:67–72.

80. Cagle PT. Tumors of the lung (excluding lymphoid tumors). In: Thurlbeck WM, Churg AM,
eds. Pathology of the Lung. Thieme Medical Publishers, Inc., New York, NY, 1995, pp. 437–
551.

81. Higgins GA, Shields TW, Keehn RJ. The solitary pulmonary nodule. Ten year follow-up of
Veterans Administration-Armed Forces Comparative Study. Arch Surg 1975;110:570–575.

82. Kreisman H, Wolkove N, Quoix E. Small cell lung cancer presenting as a solitary pulmonary
nodule. Chest 1992;101:225–231.

83. Hirsch FR, Matthews MJ, Aisner S, et al. Histopathologic classification of small cell lung
cancer. Changing concepts and terminology. Cancer 1988;62:973–977.

84. Vollmer RT. The effect of cell size on the pathologic diagnosis of small and large cell carci-
nomas of the lung. Cancer 1982;50:1380–1383.

85. Azzopardi JG. Oat-cell carcinoma of the bronchus. J Pathol Bacteriol 1959;78:513–519.
86. Fraire AE, Johnson EH, Yesner R, Zhang XB, Spjut HJ, Greenberg SD. Prognostic signifi-

cance of histopathologic subtype and stage in small cell lung cancer. Human Pathol 1992;23:
520–528.

87. Mangum MD, Greco FA, Hainsworth JD, Hande KR, Johnson DH. Combined small-cell and
non-small-cell lung cancer. J Clin Oncol 1989;7:607–612.

88. Matthews MJ. Effects of therapy on the morphology and behavior of small cell carcinoma
of the lung—a clinicopathologic study. In: Muggia F, Rozencweig M, eds. Lung Cancer
Progress in Therapeutic Research. Raven Press, New York, NY, 1979, pp. 155–165.

89. Brereton HD, Matthews MM, Costa J, Kent H, Johnson RE. Mixed anaplastic small-cell and
squamous-cell carcinoma of the lung. Ann Intern Med 1978;88:805–806.

90. Sehested M, Hirsch FR, Osterlind K, Olsen JE. Morphologic variations of small cell lung
cancer. A histopathologic study of pretreatment and posttreatment specimens in 104 patients.
Cancer 1986;57:804–807.



80                                                              Stancu and Libbey

91. Bepler G, Neumann K, Holle R, Havemann K, Kalbfleisch H. Clinical relevance of histo-
logic subtyping in small cell lung cancer. Cancer 1989;64:74–79.

92. Fraire AE, Roggli VL, Vollmer RT, et al. Lung cancer heterogeneity: prognostic implica-
tions. Cancer 1987;60:370–375.

93. Guinee D, Fishback NF, Koss MN, Abbodanzo S, Travis WD. The spectrum of immunohisto-
chemical staining of small-cell lung carcinoma in specimens from transbronchial and open-
lung biopsies. Am J Clin Pathol 1994;102:406–414.

94. Loy TS, Darkow GVD, Quesenberry JT. Immunostaining in the diagnosis of pulmonary
neuroendocrine carcinomas. An immunohistochemical study with ultrastructural correla-
tions. Am J Surg Pathol 1995;19:173–182.

95. Cagle PT, El-Naggar AK, Xu H-J, Hu S-X, Benedict WF. Differential retinoblastoma pro-
tein expression in neuroendocrine tumors of lung. Potential diagnostic implications. Am J
Pathol 1997;150:393–400.

96. Mackay B, Ordoñez NG, Bennington JL, Dugan CC. Ultrastructural and morphometric fea-
tures of poorly differentiated and undifferentiated lung tumors. Ultrastruct Pathol 1989;13:
561–571.

97. Hammar SP, Bolen JW, Bockus D, Remington F, Friedman S. Ultrastructural and immuno-
histochemical features of common lung tumors: an overview. Ultrastruct Pathol 1985;9:283–
318.

98. Nomori H, Shimosato Y, Kodama T, Morinaga S, Nakajima T, Watanabe S. Subtypes of
small cell carcinoma of the lung: morphometric, ultrastructural and immunohistochemical
analyses. Hum Pathol 1986;17:604–613.

99. Vollmer RT, Ogden L, Crissman JD. Separation of small-cell from non-small-cell lung can-
cer. The Southeastern Cancer Study Group pathologists’ experience. Arch Pathol Lab Med
1984;108:792–794.

100. Chejfec G, Candel A, Jansson DS, et al. Immunohistochemical features of giant cell carci-
noma of the lung: patterns of expression of cytokeratins, vimentin, and the mucinous glyco-
protein recognized by monoclonal antibody A-80. Ultrastruct Pathol 1978;9:143–156.

101. Kodama T, Shimosato Y, Koide T, Watanabe S, Teshima S. Large cell carcinoma of the lung
—ultrastructural and immunohistochemical studies. Jpn J Clin Oncol 1985;15:431–441.

102. Wang NS, Seemayer TA, Ahmed MN, Knaak J. Giant cell carcinoma of the lung. A light and
electron microscopic study. Hum Pathol 1976;7:3–16.



81

From: Current Clinical Oncology: Cancer of the Lung
Edited by: A. B. Weitberg © Humana Press Inc., Totowa, NJ

Molecular Biology of Lung Cancer
A Primer

3

Mirela Stancu, MD,Thomas King, MD, PHD,
and Abby Maizel, MD, PHD

CONTENTS

INTRODUCTION

LUNG CARCINOGENESIS

CLINICAL APPLICATION OF MOLECULAR GENETICS

IN LUNG CANCER

SUMMARY

REFERENCES

1. INTRODUCTION

Lung cancer continues to be the major cause of cancer death in North America.
Despite some improvement in survival rates, overall only 10% of patients with
non-small-cell lung cancer (NSCLC) and 3% of patients with small-cell lung
cancer (SCLC) are long-term survivors (1,2). Delineation of the molecular gene-
tics of lung carcinoma has provided significant insights into the pathogenesis
of lung cancer, and can potentially enhance our ability to diagnose and manage
patients. Application of conventional screening methods (e.g., chest X-rays,
sputum cytology) in high-risk groups has had no impact on mortality, because
most tumors are still detected too late for definitive surgical therapy (3–5). The
ability to detect genetic alterations in individual tumor cells using techniques
such as polymerase chain reaction (PCR) offers the possibility of molecular
screening for lung cancer. These techniques offer great sensitivity, and have the
potential to detect very rare tumor cells in sputum and bronchoalveolar lavage
(BAL) samples, which may permit the diagnosis of tumors at a stage early enough
to allow surgical cure.
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While limited-stage (Stage I and II) NSCLC is potentially curable by surgical
resection, more than one-half of patients will ultimately die from recurrent dis-
ease. Adverse histopathologic prognostic factors, such as high mitotic rate and vas-
cular space invasion, are found in only a small minority of patients with limited
stage disease (6,7), so that these parameters are not useful in identifying the major-
ity of patients who will ultimately relapse. A concerted effort has been made dur-
ing the last decade to identify molecular markers that can identify those patients
with low-stage lung carcinoma who will relapse.

While patients with locally advanced NSCLC or NSCLC with distant meta-
stases are not usually curable with available therapies, many more effective local
and systemic therapies have been developed. Molecular genetic alterations that
disrupt cell-cycle regulation in tumor cells can significantly affect their response
to chemotherapeutic agents and radiation. Cell-cycle regulation—particularly
the checkpoint at the G1/S transition—involves the coordinated action of multi-
ple specialized cellular proteins. Many of these components are altered in human
tumors, including NSCLC and SCLC. These genetic changes result in uncon-
trolled cellular proliferation, genetic instability, and altered response to radiation
and chemotherapy. Knowledge of these alterations in individual tumors may per-
mit the choice of an optimal therapeutic strategy for individual patients. Replace-
ment of these defective genes in tumors by gene therapy also has the potential to
reverse resistance to therapy.

The identification of specific molecular genetic abnormalities within indi-
vidual tumors has multiple potential clinical applications: 1) early diagnosis in
high-risk populations by molecular screening of sputum or BAL fluid, 2) esti-
mation of risk of relapse in patients with Stage I and II NSCLC, 3) selection of
the most active treatment regimens for locally advanced and metastatic NSCLC
based on the genetic profile of individual tumors, 4) detection of recurrent dis-
ease, and 5) gene replacement therapy.

Although these clinical applications are only beginning, the future holds sub-
stantial promise. Some prospective clinical trials are now underway to evaluate
the utility of these molecular approaches.

2. LUNG CARCINOGENESIS

Lung cancer typically develops as a result of complex interactions between
inherited predisposition(s) and environmental influence (8). The risk of devel-
oping malignancy in individuals with tobacco exposure almost certainly varies
with genetically determined differences in carcinogen-metabolizing pathways,
as well as other genetic and environmental factors (for review, see ref 9). Field-
effect carcinogenesis has been documented in lung cancer by the detection of at
least one K-ras mutation in the vast majority of BAL specimens (84%) from
patients with post-lung resection status for low-stage NSCLC (10).
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An important characteristic of carcinogenesis is the lag time between expo-
sure to the carcinogen and the clinical appearance of a neoplasm. This latent
period reflects the process of “initiation” characterized by permanent genetic
alterations produced by carcinogenic insult. Full malignant transformation re-
sults from the accumulation of additional genetic lesions. This typically has a
cascade effect, whereby dysregulation of cell division increases the genetic insta-
bility of tumor cells to foster the accumulation of numerous additional genetic
abnormalities.

During the last decade it has become clear that common epithelial malignancies,
including colon and breast cancer, develop through a more or less stereotypical
progression of genetic alterations (11). This multistep model, based on the molec-
ular progression from colon polyps to colon cancer (12), has been validated in
other tumor types with well-defined precursor lesions (8,13). Although preneo-
plastic lesions in the lung are less well-characterized and more difficult to evalu-
ate and sample than colon polyps, data increasingly supports this paradigm in
NSCLC. Genes and gene products involved in the development and progression
of lung cancer include those involved in controlling cell-cycle entry and progres-
sion, signaling pathways, apoptosis, angiogenesis, and metastatic potential (for
review, see ref. 9). The most common known genetic abnormalities and their
frequency of detection in SCLC and NSCLC are summarized in Table 1.

Table 1
Genes Commonly Altered in Lung Cancer

                               Frequency of alteration in:

Gene   Type                Function NSCLC SCLC

rasa oncogene signal transduction 20–80% 0%
mycb oncogene transcription factor, cell cycle 5–10% 15–30%
p53 c TSG transcription factor, cell cycle 50% 75–100%
Rbd TSG transcription factor, cell cycle 15–30% 90%
p16 e TSG cell cycle 10–40% 0–10%
3p LOH f unknown unknown 80% 90%
HER2/neug oncogene signal transduction 30% nd

NSCLC = non-small-cell cancer; SCLC = small-cell lung cancer; TSG = tumor-suppressor
gene; LOH = loss of heterozygosity; nd = not done.

aSee ref. 10, 46, 47, 48, 50, 52, 53, 54, 66, 149, 153.
bFor review, see ref 44.
 cSee ref. 46, 49, 84, 85, 90, 91, 94, 97, 142.
dSee ref. 102, 109, 110, 111, 143.
eSee ref. 112, 127, 131, 132, 133, 135.
fSee ref. 143.
gSee ref. 64, 65, 66, 67.
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2.1. Preneoplastic Lesions
A series of morphologically distinct changes, such as hyperplasia, metaplasia,

dysplasia, and carcinoma in situ can be observed in bronchial epithelium before
the appearance of some clinically overt lung cancers. Such changes have been rec-
ognized for some time in cancers that arise in the proximal airways and bronchi
(e.g., squamous cell carcinoma) (SCC). Similar changes in peripheral bronch-
ioles and alveoli have been described more recently. Many of these “preneoplas-
tic” lesions share some phenotypic abnormalities with adjacent tumors, including
MYC, ras, and p53 overexpression (14–21). In particular, a progression from
p53 overexpressing bronchial dysplasias to p53 overexpressing SCC has been
documented in chromate workers (20).

In addition to these phenotypic changes, allelotyping of microdissected “pre-
neoplastic” foci has identified genetic alterations, including nonrandom chro-
mosomal loss. Such chromosomal loss is usually indicative of the presence of a
tumor-suppressor gene (recessive oncogene) in that chromosomal region, such
as loss of heterozygosity (LOH). High-frequency LOH for chromosome 3p, 9p,
and 17p (p53 gene) have been identified in many lung cancers as well as some
“preneoplastic” lesions. K-ras gene mutations have similarly been identified in
adenocarcinoma and its putative precursor, atypical alveolar hyperplasia (14,22–
26). Data derived from several studies comparing genetic changes in “preneoplas-
tic” lesions and tumors are summarized in Table 2. Some of these abnormalities
are quite frequent in “preneoplastic” lesions, and approximate the frequency in

Table 2
Molecular Lesions in “Preneoplastic” Lesions and Corresponding Tumors

Atypical
alveolar Squamous Squamous

Alteration hyperplasia Adenocarcinoma metaplasia dysplasia SCC

K-ras mutationa 21% 35% nd nd nd
p53 overexpressionb 29% 33% nd nd nd
p53 mutation/LOHc 3% 22% 0% 18% 26%
3p LOHd 17% 24% 8% 9% 26%
HER2/neu overexpressione 7% 30% nd nd nd
loss p16 expressionf 20% 13% nd nd nd
9p LOHg 11% 25% 0% 5% 6%

LOH = loss of heterozygosity; nd = not done.
aSee ref. 25, 28, 30, 31, 32.
bSee ref. 28, 29.
cSee ref. 141.
dSee ref. 140, 141.
eSee ref. 29.
fSee ref. 29.
gSee ref. 140, 141.
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the related tumor (e.g., 3p LOH in adenocarcinoma and p53 overexpression).
These data suggest that some of these changes occur very early during carcino-
genesis. Other abnormalities, such as p53 mutation and LOH, are much more com-
mon in full-fledged tumors than in “preneoplastic” lesions (e.g., 3% in atypical
alveolar carcinoma vs 22% in adenocarcinoma). Furthermore, the number of
chromosomal abnormalities (27) as well as the level of p53 protein overexpres-
sion (28) have been reported to be higher in more severely dysplastic lesions (for
review, see ref. 29). While these data are suggestive, they should be cautiously
interpreted because of technical difficulties involved in identifying some of these
alterations in small, poorly defined precursor lesions. Furthermore, it is unknown
which genetic changes are either necessary or sufficient for tumorigenesis.

Since 3p loss appears to be nearly ubiquitous in lung cancers and in many “pre-
neoplastic” lesions, some have suggested that a tumor-suppressor gene(s) on 3p
may act as a “gatekeeper” for lung-cancer development. However, K-ras muta-
tions and LOH for chromosome 9p have also been identified in a high percentage
of some “precursor” lesions (see Table 2) (21,25,30–33).

These observations are consistent with the multistep model of carcinogenesis,
whereby cancer develops through the accumulation of specific genetic alterations.
Some of these alterations can potentially be used to identify early tumors, but
molecular distinction of tumors from dysplasia and other preneoplastic lesions
may be difficult or impossible (23,34–43). This may pose a significant problem
in using molecular techniques to diagnose lung cancer.

2.2. Molecular Pathobiology of Lung Cancer

2.2.1. PROTO-ONCOGENES

Activation of proto-oncogenes occurs through a variety of mechanisms, includ-
ing point mutation, overexpression, or loss of normal cell-cycle-dependent regu-
lation. Alterations in these genes usually produce a dominant phenotype, i.e., an
abnormality of one allele is sufficient for cellular transformation.

2.2.1.1. ras Family. N-ras, K-ras, and H-ras, encode related proteins of 189
amino acids. The K-ras gene, which is located on chromosome 12p13, has been
found to be mutated in a significant percentage of lung adenocarcinomas (20–
50%). Mutations of K-ras account for approx 90% of ras mutations in lung ade-
nocarcinomas, with 85% of the mutations in codon 12. K-ras mutations are less
common in other types of NSCLC, and are very rare in SCLC (44). The K-ras gene
encodes a guanine nucleotide-binding protein involved in signal transduction.
Abnormal activation of the K-ras oncogene can occur as a result of point muta-
tions at codons 12,13, or 61. Specific amino-acid substitutions at these sites alter
the GDP/GTP binding site and result in retention of GTP (by blocking its hydroly-
sis to GDP), producing a constitutively active K-ras protein. One of the steps in the
normal attachment of K-ras protein to the cell membrane involves farnesylation
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of the ras protein by the farnesyltransferase. Without this step, the ras protein
cannot associate with the cell membrane, and thus cannot mediate signal trans-
duction. Blockage of farnesylation can then potentially inhibit both normal signal
transduction and cell transformation by mutant ras proteins. This pathway has
therapeutic implications with the availability of farnesyltransferase inhibitors.

The frequency of detection of K-ras mutations in lung cancer is a function of
the methodology employed and the ratio of adenocarcinomas to other types of
NSCLC in the study population. Most (70%) K-ras mutations are G-T transver-
sions with substitution of the normal glycine (GGT) with either cysteine (TGT)
or valine (GTT). Similar G-T transversions also affect the p53 gene in lung can-
cer, and this type of DNA damage is strongly correlated with bulky DNA adducts
caused by polycyclic hydrocarbons and nitrosamines in tobacco smoke (45).
K-ras codon 12 mutations have also been identified in a significant percentage
of “preneoplastic” lesions.

Two studies on stage I NSCLC failed to demonstrate an association between
K-ras mutations and the recurrence rate after definitive surgery (46,47). Although
some studies have suggested that K-ras mutations are associated with a poorer
prognosis in NSCLC, this has not been validated in studies which controlled for
tumor stage and other known prognostic indicators (48–54).

2.2.1.2. MYC Family. The MYC proto-oncogene family—c-MYC , N-MYC,
and L-MYC—encode nuclear DNA-binding proteins involved in transcriptional
regulation (55–57). MYC is involved in controlling normal cell growth and pro-
liferation through activation of genes involved in DNA synthesis, RNA metab-
olism, and cell-cycle progression (58). MYC protein can form heterodimers with
MAX, MAD, and MX11 (59), which are distinct classes of basic-helix-loop-
helix leucine-zipper transcription factors. MYC-MAX heterodimers recognize
the consensus sequence CACGTG with high affinity, leading to transcriptional
activation of downstream genes. MAD-MAX complexes are believed to antago-
nize MYC-MAX function.

Activation of MYC in lung tumors results from protein overexpression by gene
amplification or transcriptional dysregulation (60). 18% of SCLC (36 of 200
tumors) and 8% of NSCLC (25 of 320 tumors) had detectable MYC amplifica-
tion (44). C-MYC is more frequently altered in NSCLC, whereas abnormalities
of other MYC genes (N- and L-MYC) are typical of SCLC (61). MYC ampli-
fication is more common in lung-cancer cell lines than in the primary tumors, and
this is likely a function of in vitro cell culture (62).

 Amplification of MYC genes is associated with prior cytotoxic therapy, and
is rare in lung tumors and cell lines from previously untreated patients (63). This
suggests that MYC amplification may be a mechanism of resistance to chemo-
therapy.

2.2.1.3. HER-2/Neu (c-erbB-2). HER-2/neu is a proto-oncogene that encodes
a transmembrane glycoprotein with tyrosine kinase activity, which is closely
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related to the epidermal growth factor (EGF) receptor. Upregulation and/or
amplification of this gene has been associated with a poor prognosis in cancers
of the breast and ovary. The frequency of abnormal expression of HER-2/neu
in NSCLC is approx 25%, and has not been reported in SCLC. Overexpression
of HER-2/neu is observed in 28-38% of lung adenocarcinomas, and may be asso-
ciated with adverse prognosis (64–67). In a study of 64 patients with adenocarci-
noma of lung (67), 27% of patients had elevated serum concentrations of HER-2/
neu protein, and this finding correlated with both advanced stage (IIIB) and over-
expression of HER2/neu in tumor tissue. Serum HER-2/neu protein may be a use-
ful surrogate for overexpression in lung cancer tissue, and an indicator of tumor
burden in HER2/neu overexpressing tumors. HER2/neu expression may take on
added importance with the availability of biologic therapy with HerceptinTM .

2.2.2. TUMOR SUPPRESSOR GENES

Molecular biologic studies have demonstrated that the loss or inactivation of
certain genes may also be important in the pathogenesis of human cancers. Such
tumor-suppressor genes (anti-oncogenes, recessive oncogenes) typically func-
tion to suppress/control cellular proliferation. The tumor-suppressor genes most
commonly found to be inactivated in human lung cancer are p53, retinoblastoma
(Rb) gene Rb, p16, and candidate tumor-suppressor gene on chromosome 3p. All
three of these characterized tumor-suppressor genes function in part to control
cell-cycle progression at G1S (see Fig. 1). Since all three genes operate in the
same pathway, their alterations have the potential for synergistic or antagonistic
interactions. An additional tumor-suppressor gene, such as newly identified
DMBT1 at chromosome 10q25, may play an important role in lung cancer (68).

2.2.2.1. p53 Tumor-Suppressor Gene. The human p53 gene, which is located
on chromosome 17p13, plays a central role in genetic stability and cell survival.
The p53 tumor-suppressor gene serves a critical role at the G1S transition by
blocking cell entry into S phase in response to DNA damage. The p53 gene has
been proposed to exert a direct inhibitory effect on cyclin-dependent kinase 4
(CDK4), and by an indirect mechanism through p21/WAF1 (Fig. 1). Wild-type
p53 is also necessary for the efficient activation of apoptosis in sensitive cells
in response to DNA damage (69). Apoptosis is the major mechanism by which
ionizing radiation and many chemotherapeutic agents cause tumor-cell death.
There is now substantial in vitro and in vivo evidence that p53 mutations are
associated with decreased response to many types of chemotherapy, and may be
a predictor of decreased survival with some tumors (70–76). Treatment proto-
cols which aim to restore normal p53 function in tumor cells by gene therapy are
now underway in some centers.

Numerous different p53 point mutations can occur, and their precise pheno-
type cannot always be predicted from their DNA sequence. Mutations in the p53
gene typically result in an abnormal protein that is longer-lived than the wild-type
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protein. Because p53 normally functions as a dimer, mutant p53 protein can seques-
ter wild-type protein in nonfunctional heterodimers, resulting in a dominant nega-
tive phenotype for many p53 point mutations (77). Many tumors with p53 mutations
also develop LOH (78). The long half-life of mutant p53 usually allows its detec-
tion by antibody staining of tissue sections (79–81). It has become clear, however,
that overexpression of wild-type p53 can occur in some tumors so that immuno-
chemical detection of p53 is not always indicative of p53 gene mutation (82,115).

p53 point mutations are found in approx 50% of NSCLC and up to 100% of
SCLC lines, and are usually associated with LOH (83,84). The majority of muta-
tions are found in exons 5 through 8. G–T transversions predominate as expected
from tobacco-smoke carcinogenesis (45), but frame shifts, insertions, deletions,
and splicing mutations have been also reported (85,86). Codons 248 and 273 are
the most common mutation sites in lung cancer (87). Alterations of p53 gene
have been reported less commonly in “preneoplastic” lesions. 15–46% of lung-
cancer patients develop detectable antibodies to mutant p53 protein, which can
be used as a diagnostic marker or an indicator of tumor burden (37,88).

p53 mutations appear to be a strong predictor of treatment response in NSCLC,
and p53 mutations are associated with resistance to ionizing radiation and most

Fig. 1. Cell-cycle progression at G1S checkpoint. Genes that are commonly altered in lung
cancer are shown shaded. The p16 locus including the p16, p15, and p19 genes is shown
boxed, since these are all frequently lost in a single deletion event (see text). Positive regu-
latory signals are indicated by solid arrows and negative regulatory signals by dotted
arrows. See Sections 2.2.2.2.–2.2.2.3. for detailed discussion of regulatory proteins and
pathways.
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forms of chemotherapy (83,89). Interestingly, response to paclitaxel in locally
advanced and metastatic NSCLC appears to be independent of p53 status, sug-
gesting that this agent, which interferes with mitotic spindle function, may be the
treatment of choice for NSCLC with p53 mutations (83). Clearly, any meaning-
ful evaluation of p53 as a prognostic indicator must control for tumor stage, per-
formance status, and treatment modality. Not surprisingly, studies attempting to
evaluate the prognostic significance of p53 mutations in patients of diverse stage
and performance status have produced inconsistent results (40,90–108).

2.2.2.2. Retinoblasotoma (Rb) Gene. The retinoblastoma gene (Rb) located
on chromosome 13q14 encodes a nuclear phosphoprotein that was initially iden-
tified as a tumor-suppressor gene in childhood Rbs. Hypophosphorylated Rb
binds and sequesters a number of other cellular proteins, including the transcrip-
tion factor E2F-1, which is essential for G1/S phase transition. Cyclin D1 and
other cyclin/CDK complexes phosphorylate Rb, thus releasing bound transcrip-
tion factors to permit S phase entry.

The Rb protein may be abnormal or absent in up to 90% of SCLCs and 15–
30% of NSCLCs (109–111). Detection of Rb abnormalities in lung cancer is
dependent on methodology. 90% of SCLC show loss of Rb protein expression
by immunohistochemistry, while only 60% show loss of mRNA expression in
Northern blot analysis (9). Since contaminating normal tissue can produce false-
negative results in Northern analysis, the immunohistochemical results are prob-
ably more useful, because tumor cells are evaluated morphologically by this
technique and contributions from contaminating normal cells can be excluded
from the analysis. Conversely, Rb immunostaining may vary as a function of
tumor fixation and antigen retrieval techniques, which may be difficult to repro-
ducibly control. Rb mutations in lung cancers include truncation by deletions, non-
sense mutations, or splicing abnormalities. Identification of the precise genetic
alterations in this large gene is beyond the scope of most clinical studies. In a
large cohort study of NSCLCs, Rb abnormalities were detected in 53 of 163 (32%)
by immunohistochemistry (109), and 22 of 219 (10%) by Northern analysis. Rb
gene alterations in NSCLC do not have clear prognostic significance (111–114).
Tumors with p16 alterations do not usually have coexistent Rb abnormalities,
since these would tend to abrogate the effects of p16 (see Fig. 1).

2.2.2.3. p16 Gene. Multiple gene products that can bind to CDK4 and block
the formation of the activated CDK4-cyclin D complex make up the INK4 family
of CDK inhibitors (116,117) (Fig. 1). Loss of these gene products favors cell-
cycle progression at G1S, and could potentially alter the response to therapeutic
interventions. p16INK4a (MTS-1, INK4A) was the first member of the INK4 family
to be identified, and it is altered in a significant percentage of human tumors
(118,119). p16INK4a acts in the same pathway as p53 and Rb to inhibit cell-cycle
progression at G1S (Fig. 1).
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The p16 gene located on chromosome 9p21 is composed of three exons: a
5' region of 126 bp (exon 1), a middle region of 307 bp (exon 2), and a 3' region
of 11 bp (exon 3). p19INK4dARF derives from an alternate reading frame in the
p16INK4a gene and, subsequently, is usually inactivated in tumors with p16INK4a

gene alterations (120). The significance of this unusual genetic organization of
the p16INK4a locus is unclear. The p15 gene is located 30 kb downstream from the
p16INK4a gene and is deleted in most tumors with p16INK4a deletions (121).p15INKb

is upregulated by TGFß (Fig. 1) and blocks the formation of activated CDK4 in
the same manner as p16INK4a (122).

The p16 gene product inhibits the interaction of cyclin D with CDK4, thus
blocking phosphorylation of the retinoblastoma gene product (Rb1). Loss of p16
activity results in loss of its inhibitory effects at the level of cyclin D-CDK4
interaction, thereby promoting cell-cycle progression (123). The majority of lung
cancers have an abnormality of the p16/Rb pathway at G1/S, with the NSCLC
showing predominance of p16INK4a abnormalities (30–70%) and Rb inactivation
predominating in SCLC (90%).

Loss or decreased activity of p16 occurs through a variety of mechanisms.
Many tumors with p16 alterations show evidence of homozygous deletion at this
locus. In some tumors, point mutations in the p16 coding sequence are more fre-
quent than deletions. In other tumor types, inactivation of the p16 promoter by
hypermethylation occurs without evidence of mutation or deletion of the struc-
tural gene (124–126). As with Rb, this complexity increases the difficulty of
reliably detecting alterations in the p16 gene. Immunohistochemistry may be the
most useful technique, although false positives may occur because of poor anti-
gen preservation and retrieval.

Sekido (9) summarized the results of 20 studies that detected p16 mutation
in 14% (60/444) and loss of p16 expression by immunohistochemistry in 40%
(208/517) of lung cancers and cell lines. p16 alterations were more frequent in
lung-cancer cell lines, most likely as an artifact of in vitro tissue culture. Homo-
zygous deletion or point mutation has been reported in 10–40% of primary
NSCLCs (127–134). While some studies have suggested that the absence of p16
expression is a predictor of adverse survival in NSCLC (113,135), this has not
been observed in other studies (114).

2.2.2.4. Candidate Tumor-Suppressor Gene at Chromosome Region 3p.
The very frequent deletion of one copy of the short arm of chromosome 3 in both
SCLC (>90%) and NSCLC (>80%) provides strong presumptive evidence for
the existence of one or more tumor-suppressor genes on this chromosomal arm.
Deletion of chromosome 3p in lung cancers was first noted cytogenetically, and
allelotyping analysis subsequently confirmed allelic loss in invasive cancers as
well as in many preneoplastic lesions associated with NSCLC (136–141). The
3p21.3 region has been extensively examined for putative tumor-suppressor genes,
although the identity of such gene(s) remains elusive (for review, see ref. 9).
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2.3. Molecular Differences
Among Histologic Subtypes of Lung Cancer

2.3.1. NSCLC
Adenocarcinoma differs significantly from squamous cell carcinoma (SCC)

with a higher rate of K-ras mutations (11–56% vs 0–5%) and HER2/neu over-
expression (42–70% vs 30%). Adenocarcinomas show a lower frequency of p53
mutations than SCC (13–46% vs 26–83%) as well as a lower incidence of p16
abnormalities (20–46% vs 40–80%) (135). Large cell carcinoma (LCC) is a mix-
ture of poorly differentiated squamous and adenocarcinoma that has a molecular
profile intermediate between the two, except that p53 gene mutations are more
common.

2.3.2. NEUROENDOCRINE TUMORS

AND SMALL-CELL UNDIFFERENTIATED CARCINOMA

The major differences between SCLC and NSCLC are the lack of K-ras muta-
tions in SCLC as compared with 15–30% in NSCLC, and the high incidence of Rb
gene abnormalities in SCLC (90%) as compared with NSCLC (15–30%). Another
difference between SCLC and NSCLC is in the amplification of L-myc gene in
SCLC (15–30%).

Among neuroendocrine tumors, molecular abnormalities become more fre-
quent in the biologic progression from carcinoid to atypical carcinoid to large-
cell neuroendocrine carcinoma (LCNEC) to SCLC (see Table 3). Rb expression
determined by immunohistochemistry may be a useful diagnostic adjunct to
light microscopy, since it is absent in most SCLCs and LCNEC and is present in
most typical and atypical carcinoids (110). Similarly, p53 overexpression is not
observed in carcinoids, but is progressively more common in the more aggres-
sive neuroendocrine neoplasms (142,143). Furthermore, patients with p53 over-

Table 3
Molecular Alterations in Neuroendocrine Lung Tumors

Alteration Carcinoid Atypical carcinoid LCNEC SCLC

p53 overexpressiona 0% 36% 55% 51%
p53 mutation/LOHb 0% 14% 52% 79%
loss Rb expressionc 0% 0% 67% 98%
3p LOHd 40% 73% 83% 88%

LCNEC = large-cell neuroendocrine cancer; SCLC = small-cell lung cancer; LOH = loss of
heterozygosity.

aSee ref. 94, 142.
bSee ref. 142, 143.
cSee ref. 102, 110.
dSee ref. 143.
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expression has been associated with adverse prognosis in patients with atypical
carcinoids (142).

3. CLINICAL APPLICATION
OF MOLECULAR GENETICS IN LUNG CANCER

3.1. Diagnostic Implications
The ideal diagnostic tool would be a marker that would enable noninvasive

screening with high sensitivity and specificity. This goal remains elusive. K-ras
mutations are amenable to screening of sputum and BAL fluid. One problem in
detecting mutated K-ras in these types of specimens is the marked dilution of
oncogene-bearing cells by the normal population of respiratory-epithelial cells, or
alveolar macrophages. Several molecular assays are extremely sensitive (detec-
tion of one tumor cell among 15,000 normal cells). These methods include mutant
allele-specific amplification (145), polymerase chain reaction (PCR)-primer-
introduced restriction analysis with enrichment of mutant alleles (PCR-PIREMA)
(43), enriched amplification methods such as enriched PCR (146,149), and enriched
single-strand conformational polymorphism (148), allele-specific hybridization
after cloning (150,151), PCR-based ligase chain reaction (LCR) (147), and Point-
EXACCT (point mutation detection using exonuclease amplification coupled
capture technique) (152–155).

Unfortunately, K-ras mutations are also present in some preneoplastic lesions.
Therefore, while a positive molecular test may consign a patient to a high-risk
group, they are not currently useful in detecting the emergence of overt cancer
in these high-risk groups. Subjects with elevated baseline risk, for example, may
be appropriate candidates for more intensive screening by high-resolution CT or
procedures such as bronchoscopy. In addition, K-ras mutations were identified
by an enriched-PCR method in sputum samples in 12.5% of patients with non-
neoplastic lung diseases, such as bronchitis, asthma, and pneumonia (149). It
seems clear that the enhanced sensitivity required to detect very early tumors
leads to the detection of “preneoplastic” and/or reactive conditions, greatly limit-
ing its utility as a screening technique. Similar assays could be performed to detect
p53 mutations, but this is technically more difficult than detecting K-ras muta-
tions, and has not been extensively studied. None of the other commonly altered
genes in lung cancer is currently amenable to this type of high-sensitivity screen-
ing strategy.

Some molecular alterations are helpful in distinguishing between SCLC
and NSCLC (K-ras, Rb), as well as between different types of neuroendocrine
tumors (by using the frequency and patterns of staining of p53 and Rb). p53 gene
point mutations have also been used to distinguish metastatic from metachronous
lung cancers, because they are tumor-specific and highly conserved in tumor
metastases.
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3.2. Prognostic Implications
Clearly, any meaningful evaluation of genetic alterations as prognostic indi-

cators must control for tumor stage, performance status, and treatment modality.
This has not been done in most studies, and the results have often been conflict-
ing. Two recent studies suggest that alterations in multiple genes in combination
with histopathologic parameters may be useful in assessing risk in stage I NSCLC
(47,156). Specific genetic alterations are useful in predicting response to selected
therapeutic modalities, and this application will likely become more important
in the future.

Recently Nomoto et al. advocated the clinical application of mutations of
the K-ras oncogene in the detection of micrometastases (157). Using two-stage
polymerase chain reaction (PCR) and restriction-fragment-length polymorphism
(RFLP) analysis to detect mutations of K-ras at codon 12, “micrometastases” to
the liver and lymph nodes were detected that were not apparent on histological
examination. This could potentially be helpful in directing pathologically limited-
stage patients to adjuvant therapy or observation, or in the presurgical staging of
patients by mediastinoscopy. However, the clinical significance of molecularly
detected ocult metastases should be evaluated prior to implementation of this
staging strategy.

3.3. Therapeutic Implications
The most direct therapeutic implications of genetic alterations are in determin-

ing the optimal choice of therapeutic modality (e.g., paclitaxel is active in tumors
with p53 gene mutations, while most other agents are not). The availability of
biologic therapy with farnesyltransferase inhibitors (targeted to tumors with K-ras
mutations) and Herceptin (targeted to tumors that overexpress Her2-neu) also
require molecular characterization of individual tumors. All modes of gene ther-
apy must utilize knowledge of specific genetic alterations for tumor-suppressor
gene replacement and antisense RNA to block the expression of oncogenes (158).
Tumor-suppressor gene replacement, wild-type p53 or p16 genes may be theoret-
ically introduced into tumors to restore apoptotic function. Liposome- mediated
antisense K-ras constructs can inhibit pancreatic adenocarcinoma dissemina-
tion in the murine peritoneal cavity. Development of appropriate and effective
vectors is now a major limitation factor for the application of gene therapy. Cur-
rent protocols are only amenable to local tumor therapy.

4. SUMMARY

While the understanding of the molecular biology of lung cancer has advanced
substantially in the last decade, relatively few clinically useful diagnostic or ther-
apeutic modalities are currently available. Molecular screening may be helpful
in identifying high-risk populations, but it is not clear that it will permit early
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diagnosis at a point where surgical therapy can be uniformly curative. Molecular
analysis can identify gene alterations in tumors that are likely to result in resis-
tance to some forms of chemotherapy and/or radiation, and may thus permit a
more useful choice of the available therapeutic options. Similarly, the potential
of gene-replacement therapy (p53 and p16) and the advent of biologic therapies
targeted at specific genetic alterations in tumors (HER2/neu and K-ras) may
result in improved therapies that will require molecular analysis of individual neo-
plasms to design the appropriate therapeutic strategy for each patient.
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1. INTRODUCTION

Lung cancer is the leading cause of cancer-related death in the United States.
It was projected that more than 158,900 Americans would lose their lives in 1999
as a result of the disease (1). Histopathologically, lung cancer can be divided into
two broad groups: small-cell lung cancer (SCLC), which accounts for about 20%
of all lung cancers and exhibits some properties of neuroendocrine cells; and
non-small-cell lung cancer (NSCLC), which constitutes 80% of the lung cancers
and includes three major subtypes: adenocarcinoma, squamous-cell carcinoma
(SCC), and large-cell carcinoma (LCC). The prognosis of lung cancers is very
poor with the overall 5-yr survival rate less than 15% in the United States. This
dismal survival is unfortunately considered the best result worldwide, since the
average survival in Europe is 8%, the same as that of developing countries (2).



104                           Dong and Mao

Epithelial cells in the upper aerodigestive tract are exposed to various carcino-
gens, such as cigarette smoke in smokers. The theory of field cancerization has
been proposed, and is supported by many cytological and histological observa-
tions (3). Lung cancer is believed to arise from this defect field. Cigarette smok-
ing is the major cause of lung cancer, and smoking cessation can reduce the risk
for lung-cancer development. However, genetic damage caused by cigarette
smoking can remain for a long period of time, and is responsible for the increased
risk of lung cancer in former smokers (4,5). In fact, about one-half of the patients
with lung cancer recently diagnosed in the United States are former smokers (6),
suggesting that incidence of lung cancer will remain high for a long period of
time. Therefore, lung cancer remains an important social and economic problem
in the United States and worldwide.

The development of human cancer involves clonal evolution of cell popula-
tions that obtain a growth advantage over other cells because of genetic altera-
tions of at least three groups of genes: proto-oncogenes, tumor-suppressor genes,
and mutator genes (7–9), as well as epigenetic abnormalities, such as promoter
hypermethylation (10,11). These genetic and epigenetic changes accumulate
in a multistep process, and ultimately lead to a malignant phenotype. Statistical
analysis based on the age-specific mortality rate for different types of human
cancers indicates that usually 3–12 critical alterations occur before most clini-
cally diagnosable tumors take place (12). A number of genetic alterations, such as
mutations in the p53 tumor-suppressor gene and K-ras proto-oncogene, inactiva-
tion of the retinoblastoma (Rb) tumor-suppressor gene and the p16 tumor-sup-
pressor gene, and loss of heterozygosity (LOH) in multiple critical chromosome
regions, have frequently been found in human lung cancers in the past decade
(13–19). It is believed that the fully understand of underlying biology of lung
tumorigenesis will provide basis for the development of novel diagnostic, prog-
nostic, and therapeutic strategies to eventually eliminate the deadly disease.

2. PROTO-ONCOGENES

The term “oncogene” was initially used to describe viral genes that can cause
transformation of target cells. Although involving normal functions, some cellu-
lar genes can be abnormally activated through mutation, amplification, or over-
expression, and play important roles in tumorigenic processes. These cellular
genes are considered proto-oncogene. A considerable number of genes have been
found to be overexpressed in a high percentage of human lung cancers. However,
to fulfill the proto-oncogene criteria, the genes must have tumorigenic properties
or promote metastatic potentials, and must be activated by genetic changes or
other epigenetic mechanisms. This section focuses on several proto-oncogenes
commonly altered lung cancers, and describes their potential role in lung tumor-
igenesis and the management of lung cancer.
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2.1. ras Oncogene

The family of ras proto-oncogenes includes three members: K-ras, H-ras, and
N-ras. Their gene products are membrane-associated guanine nucleotide-bind-
ing proteins (G-proteins) that are attached to the inner surface of cytoplasmic
membrane via a lipid added by farnesyltransferase. Ras plays a central role in
coupling growth-regulatory signals from tyrosine kinase receptors on the cell
surface to second messengers in cytoplasm, such as serine/threonine kinases
(RAF) and mitogen-activated protein kinases (MAPK) cascade (20), leading to
the activation of nuclear transcription factors and cell proliferation. G-proteins
exist in two states, guanosine diphosphate (GDP)-bound, and guanosine triphos-
phate (GTP)-bound. Only the GTP-bound form is effective in mediating a growth
response, and there is a dynamic interconversion between the two forms. Growth
stimuli (mitogens or growth factors) cause a substitution of GTP from GDP and
activate ras, while intrinsic GTPase catalyzes the conversion of GTP to GDP and
inactivates ras activity.

Mutations of ras proto-oncogenes frequently occur during tumorigenesis of
several major tumor types, such as pancreatic cancers, colorectal cancers, and lung
cancers (21–23). K-ras is the most commonly mutated gene in the ras gene family,
representing approx 90% of the mutations identified. In lung cancer, mutations
in K-ras gene were found in about 20% of the tumors within mutation hot spots
(codons 12, 13, and 61). Mutations of the H-ras and N-ras are rare, and account
for less than 1% of lung cancers. Most (about 70%) of K-ras mutations are G to
T transversions with the substitution of the normal glycine (GGT) to either cys-
teine (TGT) or valine (GTT) at codon 12. These mutations result in constitutional
activation of the ras protein (24). However, the mutation frequencies are differ-
ent among histologic subtypes of lung cancers. Although most of the K-ras muta-
tions are detected in lung adenocarcinomas, and account for approx 30% of these
tumors, they rare in other subtypes, such as SCC and SCLC (25,26), suggesting
that mutations in K-ras may be important in the development of adenocarcinoma
of the lungs. Since K-ras mutations have also been found in early lung cancers,
and even precancerous bronchial lesions in patients with lung cancer, they are
believed to play an important role in tumor initiation or early progression in
human lungs, similar to the order proposed in the progression model of colorectal
carcinomas (27).

Because of the importance of K-ras in the lung tumorigenesis, its status in tumors
has been used to predict the outcomes for patients with lung cancers. Although
results are mixed, most of the studies found that the presence of a K-ras mutation,
particularly at codon 12, correlates with poorer survival rates (28). Mutations of
K-ras have also been used as a clonal marker to detect rare tumor cells in body
fluids—such as sputum, bronchoalveolar lavage (BAL), and serum—for early
diagnosis of lung cancers (29–31). Now a therapeutic target, an increasing number
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of inhibitors of the ras signaling pathway have been developed (32,33), and encour-
aging results in preclinical studies using farnesyltransferase inhibitors have pro-
moted several of these compounds into clinical trials (34).

2.2. Epidermal Growth Factor
(EGF) Signaling Pathway

Epidermal growth-factor receptor (EGFR) (also called erBB1), together with
HER-2/neu (also known as c-erbB2 or p185/neu), c-erbB3, and cerbB4, are mem-
bers of the type I EGFR. With stimulation of the appropriate ligands, the tyrosine
kinase located in the intracellular domain of the receptors can be activated and
transduce signals to downstream cascades. EGF and transforming growth-fac-
tor alpha (TGF-α) are ligands of EGFR, and share a 42% amino-acid homology
(35). Overexpression of EGF and TGF-α has been found in about 60% of NSCLC
at both mRNA expression and protein translation levels (36–38). EGFR is ubiquit-
ously expressed in cells derived from most organs, including the lungs. Normal
bronchial-epithelial cells are sensitive to EGF, one of the key factors required for
a sustained culture of this cell type in serum-free medium, indicating the impor-
tance of EGF in maintaining cell proliferation. Overexpression of EGFR has
been found in a substantial number of lung cancers. In NSCLC, approx 70% of
lung cancers with squamous histology and 40% of lung adenocarcinomas over-
express EGFR (38–40). These data suggest disruption of the EGF signaling path-
way is important in NSCLC. Several monoclonal antibodies (MAbs), such as
C225, against EGFR have been developed to inhibit the EGF signaling pathway
and have shown anti-tumor activity in NSCLC cell lines, both in vitro and in vivo
(41–42). Although the role of these antibodies in the treatment of patients with
lung cancer has not yet been determined, promising results have been observed
in treating patients with refractory head and neck SCC in combination with
radiation therapy (43).

HER-2/neu, a gene originally isolated from a rat neuroblastoma, has a struc-
tural similarity to EGFR (44,45). The intracellular tyrosine kinase domain shares
a 70% of similarity in nucleotide sequence and 80% in amino-acid sequence
with EGFR. In the rat neuroblastoma, a mutation in the transmembrane domain
of HER-2/neu may result in constitutive activation of the receptor (46). Although
mutations of HER-2/neu are not reported in human tumors, the gene was found
amplified or overexpressed in many tumor types, including lung cancer (47). Sev-
eral different approaches have been used to block HER-2/neu activity in tumors.
Deshane et al. developed a new approach, in which a gene encoding an intracel-
lular single-chain antibody against HER-2/neu protein was delivered into tumor
cells overexpressing HER-2/neu, and could trigger apoptosis of these tumor cells
(48). Herceptin, a newly developed anti-HER-2/neu MAb, has been approved by
the Food and Drug Administration for use in the treatment of patients with meta-
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static breast cancer. Since HER-2/neu is also overexpressed in some lung cancers,
it may be interesting to determine whether Herceptin is also effective in treating
patients whose lung tumors express high levels of Her-2/neu.

2.3. Insulin-Like Growth Factor (IGF)
Human IGF-I contains 70 amino acids, and shares a high homology with insulin.

The roles of IGF-1 and its receptor (IGF-1R) in cancer cells have been the subject
of intensive investigation. In certain systems, the IGF-1R appears to be essential
for malignant transformation. For instance, fetal fibroblasts with a disrupted
IGF-1R gene cannot be transformed by SV40 large-T antigen, while these cells
can be transformed after reintroducing a wild-type IGF-1R (49). In many lung-
cancer cell lines, IGF-1 and IGF-1R can mediate an autocrine-dependent cell pro-
liferation. The addition of exogenous IGF-1 can stimulate the growth of SCLC
tumors and tumor cell lines measured by multiple different cell-growth assays
(49–51). In a recent study, Lee et al. found that IGF-1R antisense molecules
could reduce the expression level of the receptor, inhibit tumorigenicity of lung-
cancer cells, and improve survival in an animal model (52), suggesting a poten-
tial role of IGF-1R as a therapeutic target.

2.4. Neuroendocrine Factors
Expression of neuroendocrine factors, including gastrin-releasing peptide,

bombesin-like peptides (GRP/BN), and their receptors, has been found in lung
cancers. GRP/BN is associated with a wide spectrum of physiologic effects, includ-
ing regulation of secretion, growth, and neuromodulation. The bombesin was first
discovered in frog skin (53), and a bombesin-like immunoreactivity was detected
in fetal and neonatal lungs (54). Bombesin-like immunoreactivity in lung cancer
is the result of presenting gastrin-releasing peptide, a 27-amino-acid mammalian
peptide sharing a high homolog with bombesin in the carboxy-terminal part (55).

Three human GRP/BN receptor subtypes have been isolated, which belong
to the G-protein coupled receptor superfamily with seven predicted transmem-
brane domains (56). Although expression of the three GRP/BN receptors has been
widely detected in both SCLC and NSCLC cell lines, only one-half of the SCLC
expresses GRP (57). Thus, it is possible that the GRP/receptor autocrine loop is
involved in the growth of a proportion of SCLC. However, no evidence of gene-
tic alterations—such as amplifications or rearrangements—of the genes encoding
these proteins or peptides has been reported in SCLC. Gastrin-releasing peptide
and bombesin can function as mitogens in vitro in the soft agar tumorigenicity
analysis using human bronchial-epithelial cells and small-cell lung-cancer cell
lines, as well as in vivo tumorigenesity analysis in nude mice (58–61). 2A11, a
MAb against gastrin-releasing peptide or bombesin, could inhibit the growth of
SCLC cells in vitro and in vivo animal models (59). Using this MAb, a potential anti-
tumor activity has been observed in patients with previously treated SCLC (62).



108                           Dong and Mao

2.5. Angiogenic Factors
It is believed that most primary and metastatic tumors cannot grow beyond a

pinhead in size without the establishment of new blood vessels. The initial tumor
vascular development would occur in the early stages of tumorigenesis, involv-
ing the upregulation of several critical endothelial growth factors such as pro-
angiogenic ascular endothelial growth factor (VEGF) and basic fibroblast growth
factor (bFGF). It has been shown that VEGF expression was significantly lower
in tumors with a low vessel density (63–64). It is also documented that VEGF
expression is inversely associated with prognosis of patients with NSCLC (65).
bFGF expression is detected in approx 70% of NSCLC. However, the associa-
tion between bFGF expression and prognosis of patients with lung cancer has not
been clearly demonstrated (66–67). Inhibitors of angiogenesis (such as angio-
stain, endostain, and thrombospondin-1), have shown promising results in the
inhibition of tumor growth and metastatic potential in animal models (68–70).
Many trials are currently ongoing or have been planned to determine the efficacy
of these agents in the clinical setting.

2.6. Positive Cell-Cycle Regulators

2.6.1. MYC GENE FAMILY

MYC belongs to the basic helix-loop-helix leucine-zipper (bHLHZ) class of
transcription factors. The family of MYC (C-MYC, N-MYC, L-MYC) encodes phos-
phoproteins involved in the regulation of transcription for other genes respon-
sible for cell proliferation. MYC proteins function through heterodimerization
with MAX, and MYC-MAX heterodimers recognize a consensus sequence,
CACGTG, leading to transcriptional activation of downstream genes (71). MAX
also interacts with several other distinct classes of bHLHZ proteins, including
MAD, and MAD-MAX complexes are believed to antagonize MYC-MAX func-
tion (72). MYC has been implicated in normal cell growth and proliferation through
direct activation of genes important in DNA synthesis, RNA metabolism, and
cell-cycle progression (73). In contrast to ras oncogenes, which are activated by
point mutations, mutations of MYC oncogenes are rare. However, amplification
of MYC was found in lung cancers, particularly SCLC, with copy number rang-
ing from 20 to 115 copies per cell (74). In NSCLC cell lines established after che-
motherapy or recurrent tumors, 11 of 25 (44%) showed amplifications of MYC
oncogenes (5 C-MYC, 3 N-MYC, and 3 L-MYC), suggesting that amplifications
of MYC oncogenes may play a role in chemoresistance (75,76).

2.6.2. CYCLIN D1/CDK4

CCND1 (also known as PRAD1 or BCL1), a proto-oncogene located on chro-
mosome 11q13, encodes cyclin D1 and plays an important role in cell-cycle reg-
ulation. Overexpression of cyclin D1 is found in majority of NSCLC cell lines,
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and is mainly caused by the gene amplification (77). In primary NSCLC tumors,
12–40% of tumors overexpress cyclin D1, but only a fraction of these tumors dis-
play CCND1 amplification, suggesting the presence of other mechanisms for pro-
tein overexpression (78,79). Since cyclin D1 is required for kinase activity of CDK4
and plays an important role in promoting G1 to S transition, overexpression of
cyclin D1 may accelerate cell proliferation. Expression of CDK4 is also frequent
in NSCLC. Linfei et al. studied 104 primary NSCLC, and found that more than 90%
of the tumors expressed CDK4 and that there was an increased trend towards de-
creased differentiation in these tumors (80), suggesting that expression of CDK4
in NSCLC may play a role in lung tumorigenesis.

3. TUMOR-SUPPRESSOR GENES

In contrast to the gain-of-function characteristics of proto-oncogenes, the func-
tions of tumor-suppressor genes are usually lost in the process of cancer develop-
ment. According to Knudson's hypothesis, inactivation of a tumor-suppressor
gene requires two events or hits (81). Usually, one of the hits causes deletion of
genomic material containing one or more tumor-suppressor genes, and the other
hit inactivates another allele of the gene(s) by various mechanisms, including inac-
tivating mutations, rearrangements, and epigenetic means. Several tumor-sup-
pressor genes have been found important in lung cancers, including p53, p16INK4 ,
Rb, and FHIT (82–84).

3.1. p53
The p53 gene encodes a nuclear protein that involves in the cell-cycle control,

DNA repair, cell differentiation, genomic stability, and programmed cell death
(85). Mutations of the p53 tumor-suppressor gene are identified in almost one-
half of human cancers, indicating its important role in human cancers. p53 func-
tions as a master transcription factor—particularly in response to various DNA
damages—and can regulate expression of downstream genes, including p21/
WAF1/CIP1, MDM2, GADD45, BAX, IGF-BP, and cyclin G, which are respon-
sible for cell-cycle arrest or apoptosis. p53 is also believed to play a major role
in the maintenance of genome integrity, since loss of functional p53 allows inap-
propriate survival of genetically damaged cells, leading to malignant transforma-
tion. Furthermore, a link between mutant p53 and aneuploidy has been revealed
(86), implicating p53 as an active component of the mitotic spindle checkpoint
and as a regulator of centrosome function.

Inactivation of p53 is frequent in lung cancers through inactivating mutations
and deletions of the chromosome region containing the p53 gene. Mutations of
p53 have been found in about 50% of NSCLC and more than 70% of SCLC (87).
Most of the mutations identified in lung cancers are missense mutations fol-
lowed by non-sense mutations, small deletions or insertions, and splicing site
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mutations. Normally, the half-life of p53 protein is short and undetectable by
immunohistochemistry. However, the mutant p53 proteins can accumulate in
cells because of the increase in half-life of the altered proteins, and can become
detectable through immunohistochemistry. Because of the simplicity of immu-
nohistochemistry technique, it has been widely used to determine p53 mutation
status. Immunohistochemical studies show that 40–70% of SCLC and 40–60%
of NSCLC overexpress p53 protein (88–92). In NSCLC, most studies show that
the frequency of p53 overexpression is higher in SCC than in adenocarcinomas.
However, it should be noted that although most tumors with missense mutations
of p53 are positively stained, tumors with non-sense mutations, one or two base-
pairs deletions or insertions in the coding region of the gene, and splicing site
mutations would be negative in the immunohistochemistry analysis. In fact, a
significant discrepancy between p53 mutation status and immunostaining status
has been reported in lung cancers (93).

Although mutations of p53 are infrequent in the early stages of lung tumori-
genesis, frequent accumulation of p53 protein has been noticed in preneoplastic
bronchial lesions, such as bronchial metaplasia, dysplasia, and carcinoma in situ
(94). Interestingly, deletion of one of the two p53 alleles has been found in some
bronchial biopsies with normal-appearing bronchial epithelium from smokers,
suggesting that cigarette smoking plays a role in inactivation of the p53 gene in
the early stages of lung tumorigenesis (95).

Earlier studies found a strong adverse prognostic impact of tumors bearing p53
mutations or abnormal expression of p53 protein (96,97). However, subsequent
studies have provided largely mixed information including those confirmed previ-
ous findings, those finding no association, and those reporting a survival advantage
in patients whose lung tumors bearing p53 mutations (98–101). Taken together,
p53 is probably not a good independent predictor for prognosis in patients with
lung cancers. Because p53 is important in DNA damage induced apoptosis, it has
been proposed that tumors with mutant p53 may be resistant to DNA-damaging
anticancer agents and radiation therapy (102). Mutations of the p53 gene have also
been used as clonal markers to detect rare lung-cancer cells in sputum, serum,
and BAL for early diagnosis of lung cancers (103–105).

In animal studies, transgenic mice bearing a dominant-negative mutation of
the p53 gene can develop lung cancers in addition to bone and lymphoid tumors
(106). Furthermore, reintroducing a wild-type p53 gene into lung-cancer cells
lacking functional p53 can dramatically block the growth rate of tumor cells by
triggering apoptosis (107). Several therapeutic approaches have been developed
to target the p53 gene. A retroviral vector containing the wild-type p53 gene with
a beta-actin promoter has been used to treat patients with NSCLC by direct injec-
tion (108). Therapeutic activity in 25 evaluable patients included partial responses
in two patients (8%) and disease stabilization (range, 2–14 mo) in 16 patients
(64%) (109). The 55-kDa protein from the E1B-region of adenovirus can bind
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to and inactivate the p53 gene. It has been shown that the replication and cyto-
pathogenicity of an E1B—55-kDa gene-attenuated adenovirus, ONYX-015—
could be blocked by functional p53 in normal cells (110). In contrast, a wide
range of human tumor cells, including numerous carcinoma lines with either
mutant or normal p53 gene sequences, could be efficiently destroyed. Antitumor
efficacy has been demonstrated following intratumoral administration of ONYX-
015 in both animal model systems and early-phase clinical trials (111). Clearly,
further studies are required to document the potential role of these approaches
in treatment of patients with lung cancer.

3.2. p16INK4

Deletion of the short arm of chromosome 9—particularly at 9p21, a region con-
taining the p16INK4 tumor-suppressor gene—is frequently found in lung cancers
as well as many other tumor types (112). p16INK4 is an inhibitor of CDK4/cyclin
D, and plays an important role in controlling G1 to S phase transition. Inacti-
vation of p16INK4 increases CDK4/cyclin D kinase activity, which is important
for hyperphosphorylation of the pRb tumor-suppressor protein, leading to the
release of transcription factor E2F and G1 to S transition. Recent studies have
shown that p16INK4 is frequently inactivated in NSCLC by mutations, deletions,
and promoter hypermethylation (113). Although point mutations of p16INK4 are
rare in primary NSCLC, homozygous deletions of the gene have been found in
10–40% of NSCLC (114,115). It has been shown that hypermethylation in the
5'CpG island of the p16INK4 gene can repress the gene transcription in many tumor
cell lines, including lung-cancer cell lines, suggesting methylation is another
major mechanism in the inactivation of p16INK4 (116,117). Subsequent studies
have found that about 33% of NSCLC lost of p16INK4 function through this
mechanism (118). Both deletion of 9p21 and hypermethylation of the promoter
region of the p16INK4 gene have been reported in bronchial epithelium from
chronic smokers without lung cancer, suggesting that inactivation of p16INK4

occurs early in lung tumorigenesis (119,120).
Although LOH at 9p21 is also common in SCLC, inactivation of p16INK4 is

rare in these tumors (121). Because p16INK4 and Rb function in a same signaling
pathway, it is possible that inactivation either of these two genes would be suf-
ficient to disturb the pathway. Indeed, the frequencies of Rb inactivation are sig-
nificantly different between SCLC and NSCLC, with about 90% in SCLC and
15% in NSCLC (122,123). When inactivation of the two tumor-suppressor genes
are compared in lung cancers, a mutually exclusive pattern has been identified,
supporting the hypothesis that only one of the two critical components needs to
be inactivated in lung cancers.

The p16INK4 locus also encodes a second protein, termed alternative reading
frame (ARF) or p16β (124,125). While p16INK4 is specified by three exons (des-
ignated 1α, 2 and 3), an alternative first exon (1β) maps 5' to exon 1α (126). p16β
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m-RNA excludes exon 1α and directly joins exon 2. p16β, produces a protein cur-
rently known as p14ARF in human and 19ARF in mice, which completely differs
from  p16INK4 by using a different reading frame (127). Although ARF is not a
direct CDK/cyclin D inhibitor, ectopic expression of ARF in the nucleus of rodent
fibroblasts could induce p53-dependent G1 and G2 arrest by inhibiting MDM2,
a negative regulator of p53 functions (128). Furthermore, mice lacking p19ARF

but expressing functional p16INK4a are susceptible to tumor development, indicat-
ing that p19ARF possesses a tumor-suppressive function (129). Although no muta-
tions have been detected in the exon 1 of ARF in human tumors, homozygous
deletions of p16INK4a locus often involves the ARF gene in lung cancers. Therefore,
whether ARF is a bona fide tumor-suppressor gene remains to be determined.

A third gene, p15INK4b, shares approx 70% amino-acid similarity to p16INK4a

and is located adjacent to p16INK4a. p15INK4b is also an important cyclin/CDK
inhibitor, and is often codeleted with p16INK4a in multiple tumor types, including
lung cancers (130). Promoter hypermethylation of 15INK4b has been shown to
inactivate the gene transcription in several tumor types independent of 16INK4a,
suggesting 15INK4b is a bona fide tumor-suppressor gene (131). The role of 15INK4b

in lung tumorigenesis is unclear.

3.3. TGF-βββββ Signaling Pathway
The transforming growth-factor β (TGF-β) signaling pathway regulates cell

proliferation of many cell types. Despite being a growth factor of fibroblasts,
TGF-β1 is a potent inhibitor of proliferation of most epithelial cells (132). Many
epithelial-cancer cell lines, including lung cancer cell lines, do not respond to
exogenous TGF-β treatment, suggesting the presence of a defect in the signaling
pathway (133). TGF-β can bind to receptor II (TβRII) to activate its serine/threo-
nine kinase activity and recruit receptor I (TβRI) to form an heterocomplex (132).
The phosphorylation of TβRI by TβRII kinase is essential for the downstream
signaling. TβRII has been mapped to chromosome 3p22, a region frequently
deleted in lung cancers, and considered a candidate as a tumor-suppressor gene
(134). In SCLC cell lines, resistance to growth inhibition by TGF-β1 was shown
to correlate with loss of expression of TβRII mRNA (135). Although mutations
in TβRII have not been reported in lung cancers, mutations of the gene have been
reported in colon cancers, pancreatic cancers, gastric cancers, and head and neck
SCCs (136–138).

The Smad family of proteins (at least 7 Smads have been identified in humans)
is the downstream signaling mediators of TGF-β ligand-receptor complexes.
SMAD2 and SMAD4 are located at chromosome 18q21, a region frequently deleted
in multiple human cancers (139,140). Mutations of SMAD4 (also known as
DPC4) were found in nearly one-half of pancreatic cancers and 20% of colon
cancers (141,142). Mutations of SMAD4 were also reported in NSCLC, but at a
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low frequency (143). Similarly, SMAD2 was found mutated in two of the 57
NSCLC analyzed (144). Normally, 15INK4b can be upregulated in response to
TGF-β treatment. Therefore, inactivation of 15INK4b may also impair to TGF-β
mediated growth inhibition. Further studies are required to further understand
the mechanisms of TGF-β signaling defect in lung cancers.

3.4. Rb
The Rb gene was initially discovered in childhood retinoblastoma (Rb) by link-

age analysis (145). The gene is located at chromosome 13q, and encodes a nuclear
phosphoprotein important in the G1 to S transition. The active form (hypophos-
phorylated form) of the pRB can bind to transcription factors, such as E2F, and
arrest cells in G1 phase. The kinase activity of cyclin/CDK complexes can phos-
phorylate pRB and inactivate its ability to bind to these transcription factors
(146). The release of these transcription factors can trigger DNA synthesis and
promotes cells from the G1 to S phase.

Inactivation of pRB has been found in lung cancers, particularly in SCLC.
Lack of pRB expression was reported in about 90% of SCLC and 15–20% of
NSCLC (147,148). Most of the genetic alterations of the Rb gene found in lung
cancers are deletions, and few studies analyzed potential point mutations of Rb in
lung cancers because of the size of the gene. Although the absence of pRB expres-
sion has been associated with poor prognosis in NSCLC, particularly in the early
stages of the disease in some reports (149,150), the lack of such an association
was reported in other reports (151,152).

3.5. Other Candidate Tumor-Suppressor Genes
The FHIT (fragile histidine triad) gene is located at 3p14.2 and encompasses

approx 1 Mb of geneomic DNA, which includes a common fragile site (FRA3B).
FHIT encodes a protein of approx 16.8 kDa, which functions as a dinucleoside
5',5'-P1,P3-triphosphate (Ap3A) hydrolase (153). FHIT is considered a candidate
tumor-suppressor gene because 3p14 is commonly deleted in many human tumors,
and abnormalities of FHIT transcription and the protein expression have been
frequently observed in human cancers (154). In lung cancers, abnormal tran-
scripts of FHIT were found in approx 40% of NSCLC and 80% of SCLC (155).
Loss of Fhit protein expression was found in approx 50% of primary NSCLC,
including early-stage lung cancers, associated with cigarette smoking (156). Loss
of Fhit expression was also found in some premalignant lesions in the lungs,
suggesting that this abnormality could occur early in lung tumorigenesis (157).
However, the exact role of FHIT in lung-cancer development is unclear, because
its tumor-suppressor activity appears independent of its Ap3A activity (158),
abnormal expressions do not always correlate with genetic alterations (159), and
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the appearance of abnormal transcripts in some normal tissues (160). Further
studies are needed to illustrate the role of the gene in lung tumorigenesis.

DMBT1 was cloned through a representational differential analysis that is used
to identify potential homozygous deletions in target genomic DNA (161). It is
a member of the SRCR superfamily, which has been linked to the initiation of
cell proliferation and differentiation in the immune system and other tissues. The
gene was localized to 10q25.3-q26.1, a region with frequent LOH in many types
of human cancers, including lung cancer (162). Introgenic homozygous deletions
of DMBT1 were found in 23–38% of medulloblastoma and glioblastoma mulfi-
forme cell lines, and a primary glioblastoma mulgiforme. In lung cancers, expres-
sion of DMBT1 was lost in almost all SCLC cell lines, and about one half NSCLC
cell lines and primary NSCLC (163). Although the mechanisms of lacking DMBT1
expression are not fully understood, introgenic homozygous deletions of the gene
have been found in 10% of SCLC cell lines and the loss of the gene expression
associated with LOH at 10q26 found in primary NSCLC (163), suggesting that
the inaction of DMBT1 may play an important role in lung tumorigenesis.

4. GENOMIC INSTABILITY

4.1. Chromosome Abnormalities
Conventional cytogenetic analysis of lung cancers has revealed complex kary-

otypes. Numerous cytogenetic abnormalities have been found in lung cancers in
long-term cell cultures, as well as in tumor cells cultured over a short term (164–
167). There is considerable controversy surrounding the question of whether the
cytogenetic alterations found in cultured cells reflect the primary events and the
clonal heterogeneity of tumor cells in primary tumors. However, most studies
found that tumor-cell lines are consistent of clonal cells with similar cytogenetic
structures as their primary counterparts (168–170).

Deletions affecting 3p, 5q, 8p, 9p, 17p, and 18q chromosomal regions are
among the most frequent changes in lung cancers (171–173). Amplification and
rearrangements of the chromosomal band 11q13 were found both in short-term
cultures and in 30–60% of fresh tumor specimens (174,175). Because genes such
as PRAD1/cyclin D1 (CCND1), HST1, INT2, EMS1, and glutathione-S-trans-
ferase-pi-1 (GST-π-1) are located at 11p13 and co-amplified in many lung cancers,
it is interesting to determine which gene(s) is responsible for tumor progression.
INT2 and GST-π-1 both appear to have no predictive value in the outcome of
lung cancer (176). However, the putative oncogene PRADI/CCND was found to
be amplified predominantly in high-grade, high-stage, and aneuploid lung can-
cers, suggesting that amplification of PRADI/CCND may play an important role
in tumor progression (176).

Information on chromosomal aberrations in fresh tumors can now be detected
using comparative genomic hybridization (CGH) (177). This new approach pro-
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vides an overview of changes in the copy number of DNA deletions and ampli-
fications in a tumor specimens, and maps these changes to specific chromosomal
loci using a semiquantitative fluorescent in situ hybridization technique (FISH).
Using CGH, substantial deletions at 1p, 2q, 3p, 4p, 4q, 5q, 6q, 8p, 9p, 10q, 13q,
17p, 18p, 19q, 21q, and 22q have been identified, and characteristic deletion pat-
terns between SCLC and NSCLC as well as between adenocarcinoma and SCC
subtypes can be established (178).

Whang-Peng et al. reported that all of the SCLC—both cell lines and fresh
tumors—examined showed specific 3p deletions (179,180). Subsequent studies
found that such deletions is also common in many other tumor types, including
NSCLC (181), and identified at least three common minimal deletion regions at
3p14-cen, 3p21.3-22, and 3p25-26 (182), suggesting at least three different tumor-
suppressor genes located on 3p. Although several candidate tumor-suppressor
genes have been identified in 3p, including FHIT and VHL (183), additional tumor-
suppressor genes remain to be identified in the chromosome arm.

4.2. Microsatellite Instability

Microsatellite instability (MA), representing changes in the number of the short-
tandem DNA repeats, has been reported in sporadic colorectal cancers and her-
editary nonpolyposis colon cancer (HNPCC) as a result of mutations of DNA
mismatch repair genes (e.g., hMSH2, hMSH1, PMS1, and PMS2) and termed as
RER+ (replication error phenotype) (184). MA has also been reported in lung
cancers (185–189). In a review of more than a dozen publications, MA was found
in 35% (37 of 106) of SCLC and 22% (160 of 727) of NSCLC. Although many
of these tumors exhibited MA in only one or two markers analyzed, some showed
MA at multiple loci, suggesting that defects of certain mismatch-repair genes
may also be present in some lung cancers.

5. DE NOVO METHYLATION

DNA methylation, particularly in the promoter regions of genes, is an impor-
tant mechanism in the regulation of gene expression in development. DNA
methylation status has been found to be significantly altered in cancers, and to
play a crucial role in tumorigenesis. Many tumors display global hypomethyla-
tion as compared to normal tissues (190). Evidence indicates that demethylation
is related to overexpression of known oncogenes, and promotes cancer in animal
model systems (191). Furthermore, in both animal and humans, methyl-deficient
diets are associated with an increased risk of liver and colorectal cancers (192),
and feeding methyl-deprived rats with AdoMet leads to remethylation of DNA
and reversal of the tumorigenic state (193). These data suggest that global DNA
hypomethylation plays an important role in tumorigenesis.
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Conversely, many cancerous tissues, including lung cancers, exhibit regional
hypermethylation associated with silencing of gene expressions. The discovery
of numerous hypermethylated promoter regions with GC-enriched sequences
(CpG island) in tumor-suppressor genes—along with a better understanding of
gene-silencing mechanisms—indicates that DNA methylation is an alternative
mechanism of inactivation of tumor-suppressor genes (194). In lung cancers,
DNA methylation has been found to play an important role in inactivation of the
p16INK4a tumor-suppressor gene, GSTP1, MGMT, TIMP-3, and DAP (195). There
are several possible theoretical mechanisms by which methylation could affect
gene expression. The methylated CpG residues could directly interfere with the
binding capacity of specific transcription factors to the promoter sequences. The
binding ability of many transcription factors to promoter sequences has been shown
to be sensitive to methylation at these sites (196). Another possibility involves the
direct binding of specific repressive factors to methylated DNA. Two such repres-
sors, MeCP1 and MeCP2, have been identified and shown to bind to methylated
CpG islands (197). A third possibility is that DNA methylation alters the chro-
matin structure, and thereby converts it to an inactive form. Because methylation
changes may be potentially reversible by pharmacological means, they may become
new therapeutic targets in cancer treatment.

6. ALTERNATIVE SPLICING

Alternative splicing of pre-mRNA is a powerful and versatile regulatory mech-
anism that can effectively and quantitatively control gene expression in eukary-
otic cells and influence cell function, cellular differentiation, and development.
Although the pre-mRNA splicing machinery has been extensively studied,
the mechanisms of alternative splicing are largely unknown. Aside from the link
to antoimmunity and spinal muscular atrophy, no direct connections have been
established between human genetic disease and the pre-mRNA splicing machin-
ery. Recently, many tumor-suppressor genes and oncogenes have been found
to be alternatively spliced in multiple types of cancer-cell lines and primary
tumors, suggesting an important role for alternative splicing in tumorigenesis
(198). Abnormal mRNA expression of MDM2 in ovarian cancers caused by
alternative splicing has been reported, and these altered mRNAs could encode
proteins acting as proto-oncogenes (199). In our preliminary studies, we have
found that TSG101, a candidate tumor-suppressor gene, was abnormally spliced
to delete several exons in 89% of SCLC cell lines and 27% of NSCLC cell lines
(200). We also found that expression patterns of C-CAM, another candidate tumor-
suppressor gene, was significantly altered in lung cancers (Wang et al., Clin
Cancer Research 2000;6:2988–2993). These data together strongly indicate that
systems regulating alternative splicing are disrupted in the majority of lung can-
cers, and that such disruption may play an important role in lung tumorigenesis.
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7. TELOMERASE ACTIVATION

Telomeres are found at the ends of all eukaryotic chromosomes, and consist of
tandem repeats of simple DNA sequences (hexameric nucleotide repeat TTAGGG).
These sequences are very important for the stability and fidelity of chromosome
replication (201). During normal cell division, telomere shortening occurs as a
result of incomplete end replication caused by the semi-conservative replication
mechanism (201). This process is believed to represent an intrinsic cellular clock
with progressive telomere shortening, leading to cell senescence and thus con-
trolling normal cell mortality. The telomerase activity of germ cells and some
stem cells is able to compensate for telomere shortening by replacing the hexa-
meric repeats onto the chromosomal ends (201). Thus, these cells can proliferate
indefinitely because they express telomerase, whereas the vast majority of nor-
mal adult cells do not exhibit telomerase activity. However, telomerase activity
is detectable in most human cancers (202). Using a highly sensitive telomere
replication amplification protocol (TRAP) assay to measure telomerase activity,
almost all SCLC and 80–85% of NSCLC are telomerase-positive (203), indicat-
ing that telomerase reactivation is important in lung-cancer development, and is
the probable cause of the immortality of cancer cells. High telomerase activity has
been associated with increased cell proliferation rates and advanced pathologic
stage in primary NSCLC (204). In addition, telomerase activity was frequently
detected in precancerous lesions associated with lung cancer (205), implicating
its early involvement in the multistage development of the disease. Therefore,
telomerase may be a potential marker for lung-cancer detection and/or a target
for novel therapeutic strategies.
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1. INTRODUCTION

Lung tumors can grow to large sizes (>3 cm) in an asymptomatic patient
because the lung parenchyma lacks innervation for pain perception. Usually, a
mass is not discovered until it invades some other structure, such as a blood
vessel, a cough receptor, a pleural pain receptor, or a distant site. Accordingly,
with the exception of solitary pulmonary nodules seen incidentally on chest roent-
genograms, the majority of patients with lung cancer present with symptoms and
signs of the tumor. Common symptoms are anorexia, weight loss, cough, hemo-
ptysis, chest-wall or bone pain, fever, hoarseness, shortness of breath, pleuritic
pain, and syncope. Physical findings include localized wheezing, which indi-
cates local bronchial obstruction, and decreased breath sounds and dullness over
one portion of the lung, signifying effusion, tumor, or collapse. There may also
be findings at other sites, including an enlarged liver, lymphadenopathy, supe-
rior vena cava obstruction, skin nodules, and clubbing. Any or several of these
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symptoms and signs stimulate a radiographic search for the cause. Usually a
mass, adenopathy, obstructive pneumonia or pleural effusion are seen on a chest
X-ray. The clinician’s priority is to determine the anatomical features of the mass
or nodule, including size, shape, density, exact location, and relationship to the
vital structures. The clinician must then match a reliable, relatively safe diagnos-
tic technique to the patient’s risk profile and tumor anatomy to obtain a histologic
specimen. A staging procedure examining the involvement of lymph nodes, local
invasion, and distant metastases completes the diagnostic evaluation.

The purpose of this chapter is to review the techniques available to confirm
the diagnosis of lung cancer. Four different radiographic presentations of lung
cancer are discussed, including solitary pulmonary nodules, mediastinal aden-
opathy, central pulmonary masses, and pleural effusions.

2. EVALUATION
OF THE SOLITARY PULMONARY NODULE

The solitary pulmonary nodule is usually an incidental finding on routine chest
x-rays or computed tomography (CT) scans of the chest or abdomen. Approx
150, 000 new cases are detected each year in the United States. A solitary pulmo-
nary nodule is defined as a single discrete pulmonary lesion, no larger than 3 cm
and surrounded by normal lung tissue (Fig. 1). There is no associated adenopathy
or adjacent atalectasis of the lung. Lesions larger than 3 cm are considered masses
by many clinicians, and have a very high probability of malignancy. Therefore,
they are usually removed after appropriate staging in patients with adequate car-
diopulmonary reserve. The solitary pulmonary nodule presents an important
clinical opportunity, because—depending on the population surveyed, the age
range, the prevalence of granulomatous disease in a region, the radiological
screening technique, and other factors—over 50% of the nodules are potentially
curable malignancies. However, the physician must also consider a spectrum of
possible nonmalignant diagnoses and an array of invasive procedures and treat-
ments (see Table 1). The clinician must then assess the patient’s ability to tolerate
invasive studies and decide whether to remove the nodule, biopsy it, or observe
it with serial CT scans or serial radiographs. The overall goal is to remove all
malignant solitary pulmonary nodules as quickly as possible, and to avoid expos-
ing patients with benign nodules to excessive risk from invasive procedures or
thoracotomy.

The need for an accurate diagnostic evaluation of solitary pulmonary nodules
is heightened because of the early success of low-dose spiral CT scanning for the
early detection of malignancy, usually as solitary pulmonary nodules. In Japan,
two studies (1,2) indicated significant improvement over chest radiographs in
finding nodules. In one study, 80% of the detected cancers were in stage I.
Henschke et al. (3), reporting on the Early Lung Cancer Action Project, demon-
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Fig. 1. (A) The lung nodule seen in the left midlung field in this 40-yr-old smoker was not seen
in a previous film. (B) CT demonstrating the nodule. Excisional biopsy revealed a hamartoma.
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Table 1
Causes of Solitary Pulmonary Nodules

Lung cancer (Adenocarcinoma, large-cell, squamous-cell, small-cell)
Carcinoid tumors
Metastatic cancer

Head and neck cancer, breast cancer, renal cell cancer, colon cancer, sarcoma,
melanoma, lymphoma

Benign tumors
Hamartoma, lipoma, fibroma

Granulomas and infections
Tuberculosis, nontuberculous mycobacteria, cryptococcosis, histoplasmosis

coccidioidomycosis, echinococcosis and other parasites, pneumocystis, sarcoid,
Wegener’s granulomatosis, rheumatoid nodules

Others
Amyloid nodule, pulmonary infarct, A-V malformations, bronchogenic cyst,

silicosis, fibrosis

strated 233 noncalcified nodules by low-dose CT in 1000 symptom-free high-
risk volunteers at baseline compared with 68 by chest radiography. Malignant
disease was detected in 27 patients by CT and 7 patients by chest radiography.
Of the 27 CT-detected cancers, 26 were resectable. Thus, the evidence so far is
that low-dose CT can greatly improve the detection of noncalcified nodules, with
a high chance probability cure. Longer-term studies will be needed to confirm
these results.

2.1. Estimating the Probability
of Malignancy in Solitary Pulmonary Nodules

Attempts have been made to estimate the probability of malignancy in a soli-
tary pulmonary nodule based on historical and clinical information. As a general
rule, in the United States, approx 50% of solitary nodules in individuals over 35
years of age are expected to be malignant. However, this probability is greatly
altered if the patient resides in an area where granulomatous disease is prevalent.
For example, in the Ohio River Valley, where histoplasmosis is common, about
75% of patients will have benign nodules (4). Other risk factors for malignancy
in solitary pulmonary nodules include a history of smoking, a nodule size larger
than 2 cm, a history of prior extrapulmonary malignancy, and an irregular or spic-
ulated margin. In a nodule with calcification appearing as a central (bull’s eye),
laminated, diffuse, or popcorn pattern, malignancy is less likely. An eccentric
pattern of calcification is associated with malignancy. Stability of size and shape
of the nodule for over 2 yr is associated with a benign etiology, so a search for pre-
vious chest X-rays is important. However, a nodule that doubles in size (increases
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Table 2
Features Suggesting Malignancy in Solitary Pulmonary Nodules (<3 cm)

Patient smoked greater than 20 pack-yrs
Patient’s age >50 yrs
Previous history of cancer
Nodule has spiculated margins
Nodule size is >2 cm
Eccentric calcification or lack of calcification
Lack of satellite lesions
Nodule doubling time is 20–400 d
An air bronchogram is present in the nodule
CT enhancement with iv contrast is >20 Hounsfield units
PET scanning shows the nodule to have increased uptake of fluorodeoxyglucose

in volume by twofold or in diameter by 25%) in 20–400 d is considered malig-
nant (5) (see Table 2).

Malignant nodules are more likely to enhance after intravenous (iv) contrast
during CT scanning, and have increased uptake of 2- (fluorine-18)-fluoro-2-de-
oxy-D-glucose on positron emission tomography (PET) scanning (6–10). With
the latter, sensitivities and specificities of greater than 80% have been reported.
Unfortunately, the technique is not always readily available. In diabetic patients,
sensitivity may be lower. Granulomatous disease may also cause a false-positive
result. Whether PET scanning or dynamic contrast-enhanced CT will be the most
useful test to characterize solitary pulmonary nodules needs additional evaluation.

More recent attempts to calculate the probability of malignancy in solitary
pulmonary nodules have used multiple variables with some degree of success.
Swensen et al. (11) developed a multivariate prediction model based on age,
smoking status, history of cancer, nodule diameter, spiculation, and upper-lobe
location. The model was tested against a chest radiologist, pulmonologist, tho-
racic surgeon, and a general internist, and no difference was found between the
logistic model and the physician’s predictions of malignancy. Whether such models
can be effective in wider use remains to be seen. The combination of early detec-
tion, an easily applicable prediction model, and a sensitive PET scan technique
may provide the best hope for predicting which solitary pulmonary nodules are
malignant in the future.

Based on this information, one can classify solitary pulmonary nodules as
indicating a high probability for malignancy, low probability for malignancy,
and indeterminate. For example, a smoker with a 2-cm noncalcified nodule not
present on chest X-rays 1 yr ago and with no indication of a granulomatous dis-
ease should have surgical excision, while a patient with a nodule with concentric
calcification that has been present for 2 yr on chest X-ray should be observed.
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Fig. 2. (A) This 60-yr-old smoker with an FEV1 of 825 mL (25% of predicted) was found
to have a lung nodule with benign appearing bulls-eye calcification. (B) Repeat CT at 6 mo
showed growth.
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Indeterminate nodules require additional evaluation or must be excised. The deci-
sion for an invasive procedure may be influenced by the patient’s underlying med-
ical condition.

2.2. Sputum Cytology
The role of sputum cytology in the diagnosis of the solitary pulmonary nodule

is controversial, because the yield is lower than that of bronchoscopy and needle
aspiration. Goldberg-Kahn et al. (12) evaluated the role of sputum cytology in
solitary lung lesions of all sizes. They found a decline in sputum sensitivity com-
pared to past studies, and proposed that the shift in tumor-cell type toward more
adenocarcinomas is the cause. In their analysis, sputum cytology for these patients
was not cost-effective, except in patients with large unresectable lung lesions.
Raab et al. (13) reached a different conclusion. They found that sputum cytology
was cost-effective in diagnosing peripheral nodules if the pretest probability of
cancer was at least 50%.

Tockman et al. (14) evaluated sputum cytology using monoclonal antibodies
(MAbs) against nuclear ribonucleoproteins. Their findings suggest that this tech-
nique will increase sensitivity for sputum cytology, but that additional trials are
needed.

Sputum cytology may be the only reasonable diagnostic tool in the patient
who is too ill for invasive procedures. The diagnosis is important if the patient
needs more specific palliative procedures.

Fig. 2C. Percutaneous needle aspiration complicated by a small hemorrhage; diagnosis
was adenocarcinoma.
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2.3. Fiberoptic Bronchoscopy
in the Evaluation of the Solitary Pulmonary Nodule

The results of fiberoptic bronchoscopy are somewhat dependent on the nodule’s
size, pathology (malignant, benign, tuberculous, or fungus), location, and rela-
tionship to a bronchus. For nodules greater than 2 cm in diameter, the sensitivity
of fiberoptic bronchoscopy is approx 57% (15), but it is much lower for small
nodules. The yield is highest in nodules that are 2–4 cm in diameter (16). Fiber-
optic bronchoscopy also has a higher yield for nodules within 2–6 cm of the
hilum. Wallace et al. (17) have demonstrated that nodules located in the inner and
middle one-third of the lung are more likely to be diagnosed by fiber-optic bron-
choscopy. If a lesion is in a technically difficult area of the lung, such as in the
apical segment of the upper lobe, fiberoptic bronchoscopy has limited value. Fiber-
optic bronchoscopy is more likely to yield a diagnosis in malignant (58%) rather
than metastatic (28%) or benign tumors (12%), and in tuberculosis rather than
in histoplasmosis (18).

2.4. The “Bronchus Sign”
The relationship of the tumor to the bronchus also affects the yield from fiber-

optic bronchoscopy, and this relationship can be determined by high-resolution
CT scans in about one-half of the patients with solitary pulmonary nodules. When
the relationship is present on the scans, it is called a “positive bronchus sign.”
The type of relationship has implications for which type of transbronchoscopic
procedure is likely to be successful. Four possible relationships described by Tsuboi
et al. (19) can be seen between the bronchus and the tumor mass on high-resolu-
tion CT scanning:

1. The bronchus directly enters the lesion and is cut off by the lesion. Tumor tissue
is present in the lumen (lm).

2. The bronchus is contained in the lesion and continues through at least part of it.
Again, tumor cells are present in the lm.

3. The bronchus is compressed by a lesion outside the bronchus, leaving the bron-
chial mucosa intact and free of tumor.

4. The bronchus is partially narrowed by submucosal spread of the tumor so that the
tumor cannot be reached by an intraluminal device.

In the first two cases, where the bronchus leads to directly into the lesion or
is contained in the lesion, the yield from fiberoptic bronchoscopy using the trans-
bronchial biopsy method and brushing is 81%, compared to 45% for the third and
fourth situations (20). Transbronchial needle biopsy, with penetration of the
lumenal wall to obtain malignant cells, has a higher yield in the type three and
four lesions.
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2.5. Bronchoscopic Techniques, Transbronchial Biopsy,
and Transbronchial Needle Aspiration in Solitary Nodules

Bronchial brushing has a sensitivity of approx 12–52% (21) in the diagnosis
of solitary pulmonary nodules, and is less sensitive and less traumatic than trans-
bronchial biopsy. Bronchial washing and postbronchoscopy sputum examina-
tion are of questionable value in evaluating solitary pulmonary nodules, because
the yields are usually low (21,22).

 Bronchoalveolar lavage (BAL) increases the sensitivity of fiberoptic bron-
choscopy by attempting to sample the distal bronchioles and the alveolar surface.
In some situations, it may provide higher yields than bronchial brushing or trans-
bronchial biopsy (23,24). Because this technique is highly dependent on cyto-
logical analyses, it may not be useful in certain alveolar tumors with malignant
cells that may resemble normal alveolar cells. BAL also may be useful in the diag-
nosis of an infectious cause of a nodule or to obtain tumor-marker material.

Bronchoscopy can be enhanced by fluoroscopic guidance. Although there is
little evidence that this can improve the diagnostic yield, transbronchial biopsy
is highly dependent on the number of biopsies made and the bronchoscopist’s
judgment in the correct placement of the forceps.

Transbronchial needle aspiration is a technique that is not as widely used in
diagnosing solitary pulmonary nodules, because there is a discrepancy between
the results in the literature and the yields found in practice. Wang et al. (25,26)
developed a flexible needle that could be used through the bronchoscope and
inserted into solitary pulmonary nodules. As mentioned previously, this technique
is most sensitive when the anatomic relationship of the bronchus to the nodule is
that the bronchus is compressed by an extrabronchial lesion, or the bronchus that
leads to the tumor is narrowed by submucosal spread of the tumor or lymph nodes
(Tsuboi types 3 and 4).

Gasparini et al. (27) evaluated a series of 1,027 solitary pulmonary nodules
by performing bronchoscopy with transbronchial needle aspiration and trans-
bronchial biopsy. In this series, the overall diagnostic yield for malignancy was
69% for transbronchoscopic needle aspiration, 54% for transbronchial biopsy,
and 75% for both combined. In the patients with a negative result, immediate
percutaneous needle biopsy was performed, and the combined yield for the three
procedures was 95% for malignancies and 60% for benign lesions. In this study,
the average nodule size was 3–½ cm. In a subsequent review in 1997 (28), Gasparini
commented that, on the basis of these results, in peripheral pulmonary lesions the
transbronchial approach should be generally performed before a percutaneous
needle aspirate, especially in patients who are candidates for surgery. The advan-
tages of the transbronchial approach are that it allows an examination of the
tracheobronchial anatomy, transbronchial biopsy, and staging of lymph nodes
by transbronchial needle aspiration with a lower incidence of complications.
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Chechani (21) attempted to evaluate the individual and additive yields of sev-
eral bronchoscopic sampling techniques in 49 patients. During fiberoptic bron-
choscopy, bronchial washing, bronchial brushing, transbronchial biopsy, and
transbronchial needle aspiration were performed. A diagnosis was established in
36 patients by these techniques and in nine others by additional methods. Bron-
chial washings were not found to contribute to the overall yield, but bronchial
brushing, transbronchial lung biopsy, and transbronchial needle aspiration were
recommended as helpful in the diagnosis of all patients.

Reichenberger et al. (29) studied the role of transbronchial needle aspiration
in the diagnosis of peripheral pulmonary lesions. Transbronchial needle biopsy
yielded a positive result in 35% of cases, compared to 17% for transbronchial
biopsy and 30% for bronchial brushing. Katis et al. (30) demonstrated that trans-
bronchial needle biopsy increased the yield of fiberoptic bronchoscopy from
46% to 70%.

A review of these studies indicates a variation in the results of transbronchial
biopsy and transbronchial needle aspiration. The skill and aggressiveness of the
operator in obtaining specimens are probably major factors, as is the presence of
a cytotechnologist to evaluate specimens in the procedure room.

2.6. Percutaneous Needle Aspiration in Solitary Nodules
Computerized tomography allows much greater accuracy for percutaneous

needle aspiration (31). Percutaneous needle aspiration is useful and safe in periph-
eral lesions, such as those found in the outer one-third of the lung and lesions less
than 2 cm in diameter. Studies suggest a high yield for malignancy (up to 95%)
when 18–22-gauge needles are used. Techniques have been developed to enhance
the diagnostic yield, including coaxial needle placement for multiple sampling.

Complications of percutaneous needle aspiration include pneumothorax, hem-
orrhage, and rarely, death. Pneumothorax has been reported to occur in about
25% of cases (32), and seems related to small lesion size, the amount of lung tra-
versed by the needle, and the presence of emphysematous blebs. Increasing num-
bers of needle passes and larger needle sizes did not increase rates of pneumothorax.
Up to 10% of cases require drainage with a chest tube. Because of the possible
complications of pneumothorax and bleeding, there are some contraindications
to percutaneous needle aspiration. These include:

1. Bullous emphysema
2. FEV1 under 1 L
3. Bleeding diathesis
4. Inability to cooperate
5. Severe pulmonary hypertension
6. Pneumonectomy
7. Intractable cough (31)
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Larscheid et al. (33) reviewed 130 consecutive patients who had undergone
CT-guided transthoracic needle aspiration. Thirty-two of these patients had sub-
sequent surgery, and five had subsequent transbronchial biopsy. These cases
were used as references. Of the 130 needle-aspiration results, 95 were malignant,
33 were nonspecific, and 2% had a specific benign diagnosis. The overall preva-
lence of malignancy after surgical diagnosis was 91%. The diagnostic accuracy
of transthoracic needle aspiration was 76%, and the sensitivity for detection of
malignancy was 94%, with specificity of 100%. Of patients, 43% had pneumo-
thorax and approximately one-half of these required a chest tube and were hospi-
talized for mean of 6 d. The authors concluded that patients who have high clinical
suspicion for malignancy should undergo surgical resection of the tumors, because
information gathered from transthoracic needle aspiration rarely changes the re-
sultant clinical management. Odell and Reid (34), in a study of 113 patients with
intrathoracic masses, had a 54% incidence of pneumothorax and also concluded
that fine-needle aspiration did little to modify the course of surgical management
in these patients. Grief et al. (35) reviewed percutaneous-core-cutting needle
biopsy compared with fine-needle aspiration. They recommended the use of fine-
needle aspiration as the initial diagnostic procedure, reserving the use of the core-
cutting needle biopsy for instances when the diagnosis of malignancy by the fine-
needle aspirate was uncertain.

Percutaneous-core-cutting needle biopsy offered no substantial advantage over
fine-needle aspiration in the evaluation of peripheral malignant lung lesions.
Swischuk et al. (32) reviewed percutaneous transthoracic needle biopsy in 612
lesions. In these patients, the diagnostic accuracy was 94%, with sensitivity for
malignancy of 95%. Pneumothorax occurred in 26% of patients, and 9% required
a chest tube. Increasing numbers of needle passes and larger needle sizes did not
increase the rates of pneumothorax or chest-tube placement. This study contra-
dicted the perceptions that pneumothorax and chest-tube placement rates decrease
with thinner needles and fewer passes.

Although percutaneous needle aspiration has a high accuracy and sensitivity
for malignancy, it also has a high incidence of complications, and it should be
reserved for patients where the result will affect the course of management.

2.7. Video-Assisted Thoracic Surgery

Video-assisted thoracic surgery (VATS) has developed as a diagnostic tool
that can substitute for thoracotomy for the diagnosis of benign and malignant
nodules, and at the same time allow for rapid treatment of early malignant nod-
ules (36,37). Although general anesthesia is still required, the full thoracotomy
incision and injury to the ribs are avoided. However, in 1995, Ginsberg et al. (38)
reported a randomized trial of lobectomy vs limited resection for T1 NO non-
small-cell lung cancer (NSCLC), and demonstrated a much higher recurrence
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rate when these tumors were removed by wedge resection as compared to lobec-
tomy. There was also an increase in death rate at 5 yr after wedge resection or
segmentectomy compared to the lobectomy group. Accordingly, if the diagnosis
of malignancy is made by VATS, the procedure is usually converted to a thora-
cotomy so that lobectomy or more extensive anatomic resection can be per-
formed. VATS is not appropriate for central lesions or lesions that are greater than
3 cm, because they are likely to be malignant and should be removed by thora-
cotomy. The major role of VATS is to evaluate lesions not easily reached by the
bronchoscope or percutaneous needle aspiration.

Thoracoscopic fine-needle aspiration has been described by Bousamra and
Clowry (39), and is proposed as an alternative to pre-operative percutaneous
fine-needle aspiration. Thoracoscopic fine-needle aspiration allows the surgeon
to bypass a diagnostic wedge resection and proceed to a lobectomy.

Suzuki et al. (40) evaluated 92 consecutive patients who underwent VATS for
small, indeterminate pulmonary nodules. Of the 92, 54% or 50 patients needed
conversion to a thoracotomy. The most common reason for the conversion was
failure to localize the nodules. Where the distance to the pleural surface was
greater than 5 mm in cases of nodules less than 10 mm in size, the probability of
failure to detect a nodule was 63%. The authors concluded that pre-operative
marking for small indeterminate pulmonary nodules should be considered when
the distance to the nearest pleural surface is greater than 5 mm, in the case of
nodules less than 10 mm in size.

2.8. Thoracotomy
 The usual treatment for solitary pulmonary nodules is open thoracotomy and

lobectomy. As mentioned previously, wedge resection or segmentectomy for
removal of a nodule has a higher recurrence and long-term death rate than lobec-
tomy. Since nodules greater than 3 cm in diameter have a greater than 90% chance
of being malignant, some clinicians advocate that the next step in the workup is
removal by thoracotomy and lobectomy provided there is a negative metastatic
workup and adequate pulmonary function. The complications of thoracotomy
are well-known, and include prolonged hospital stays, pain that may persist for
months to years, scarring, and disfigurement of the chest wall, bleeding, bron-
chopleural fistula, empyema, and other infections and death (41–43). The mortal-
ity of thoracotomy is thought to fall between 3–7%, and may correlate somewhat
with the extent of the procedure. Coexisting illnesses such as coronary artery
disease, chronic obstructive pulmonary disease (COPD), and diabetes probably
increase mortality. Because of these problems, less invasive operations have been
devised. For example, Tovar et al. (44) described a muscle-sparing mini-thoracot-
omy with intracostal nerve cryoanalgesia. They evaluated 40 consecutive patients.
The 20 controls had a standard posterolateral thoracotomy incision and VATS to
perform major lung resections. The mini-thoracotomy group compared favor-
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ably with the standard thoracotomy group in terms of extent of lung resection,
length of stay, narcotic requirements, morbidity, and cost.

2.9. Selection of a Diagnostic Plan
to Evaluate a Solitary Pulmonary Nodule

As the previous discussion indicates, a number of diagnostic studies can be
applied to determine the cause of a solitary pulmonary nodule. For patients with
new noncalcified nodules, thoracotomy may be the most useful and cost-effec-
tive approach if the patient is found to have no other sites of tumor on exam or
radiologic staging, and has a suitable cardiopulmonary status. Patients with
nodules unchanged for two or more years, or with “benign” calcifications, should
be monitored for at least another 2 yr by chest X-rays. Patients with indeter-
minate nodules can be considered for bronchoscopy with brushing, transbron-
chial biopsy and transbronchial needle aspiration. Other alternatives for these
patients include percutaneous needle aspiration and surgical excision. New stud-
ies indicate that a single repeat CT scan obtained 30 d after the first scan can detect
the growth in most malignant tumors as small as 5 mm. (45). Finally, because
radiation may be curative for nodules up to 4 cm (46–48), diagnosis by broncho-
scopic techniques or percutaneous needle aspiration may be appropriate for those
whose medical conditions preclude surgery (see Table 3).

Table 3
Management of the Patient with a Solitary Pulmonary Nodule (>3 cm)

Initial evaluation in patients over 35 yr of age.
Benign calcification pattern on chest X-ray or High-Resolution Computerized

Tomography (HRCT) or
No growth for 2 or more yr or
Doubling time is greater than 18 mo.

If any of the above criteria are met, the patient may be observed with chest X-rays.
If none of the above criteria are met, further evaluation is needed.

A) If the nodule is 5 mm or less, follow with CT at 3 mo. If there is no growth, the
nodule is followed with HRCT at 6, 12, and 24 mo. If there is no growth over 2
yr, it is classified as benign (3).

B) For nodules >5mm, if the patient is at low risk for thoracotomy and staging is
negative, proceed to thoracotomy and remove the nodule. There is controversy
over the need to biopsy the nodule via bronchoscopic or percutaneous
methods, but one should take into account the anatomy of the nodule, the local
resources for these procedures, and the patient’s preferences.

C) If the patient is at high risk for thoracotomy or refuses, transbronchial biopsy
or needle may be used if the nodule is 2 cm or greater, and in the inner two-thirds
of the lung. Percutaneous needle aspiration may be helpful if transbronchial
techniques fail or the nodule is less than 2 cm. If the diagnosis of malignancy
is proven, the patient may benefit from radiation (see text). If no diagnosis is
obtained, follow with HRCT in 3 mo.
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3. EVALUATION OF MEDIASTINAL
MASSES AND ENLARGED MEDIASTINAL NODES

A variety of techniques are useful for the evaluation of mediastinal masses and
enlarged mediastinal nodes. In addition to radiographic and scanning techniques,
available procedures include Wang transbronchoscopic needle aspiration, endo-
scopic ultrasound needle aspiration, percutaneous needle aspiration, mediasti-
noscopy with biopsy, and left mediastinotomy.

3.1. Transbronchial Needle Aspiration
 Dasgupta and Meata (49) comment that transbronchial needle aspiration is an

underused diagnostic technique. They cite an American College of Chest Physi-
cians survey, which indicates that only 11.8% of pulmonologists use this tech-
nique, and that the majority of pulmonologists were not trained in this technique
during their fellowship. The technique uses a flexible needle, optimally 19-gauge
and roughly 12-mm long, mounted on a catheter (25,49,50). The needle and cath-
eter are introduced through the bronchoscope’s suction channel and aimed into
the desired lymph-node area. The needle is then pushed through the tracheobron-
chial wall into the lymph node. A side port in this device is used to apply suction
and flush the needle in order to obtain specimens. The advantage of transbronchial
needle aspiration is that the patient avoids mediastinoscopy. Also, nodes not nor-
mally sampled during mediastinoscopy can be assessed. This technique can be
used in patients with severe cervical arthritis or tracheostomy, where mediasti-
noscopy would be a difficult procedure. Several studies have demonstrated that
transbronchial needle aspiration has a yield of up to 83%, although most clinicians
in practice have not been able to achieve these high yields. Meticulous attention
to anatomical markings and aggressiveness in obtaining specimens seem to cor-
relate with higher yields. A negative result suggests that another procedure should
be done. The addition of CT scanning to identify enlarged lymph nodes enhances
the yield (51). Transbronchial needle aspiration can also identify malignant inva-
sion in nodes that are less than 1 cm in diameter. Bilaceroglu et al. (52) applied
both rigid and flexible needles in the staging of bronchogenic carcinoma. The
sensitivities of rigid and flexible transbronchial needle aspirations were 74% and
70%, respectively. Hemorrhage of up to 100 mL was encountered. This study indi-
cates that in bronchogenic carcinoma, hilar and mediastinal lymph nodes can be
staged by a 21-gauge flexible transbronchial needle aspiration as accurately as
by an 18-gauge rigid transbronchial needle aspiration if the proper technique is
applied and anatomic landmarks are followed precisely.

3.2. Percutaneous Needle Aspiration of Mediastinal Nodes
Percutaneous needle aspiration has also been used to assess mediastinal lymph

nodes. In one recent study by Akamatsu (53), lymph nodes were punctured with
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a 19-gauge needle using intermittent computed tomography (CT) monitoring.
Subcarinal nodes and lower paratracheal nodes were sampled using the paraspinal
posterior approach. Anterior mediastinal nodes were sampled using an anterior
approach. Malignant cells were detected in 14 of 18 cases. Pneumothorax devel-
oped in 22%. This is a higher complication rate than transbronchial needle aspira-
tion. Pneumothorax, pneumomediastinum, and hemomediastinum have rarely
been reported. Severe hemorrhage has not been reported, even in anti-coagulated
patients. In patients with superior vena caval obstruction, inconsequential bleed-
ing occurred in 2 of 15 patients. Bacteremia and purulent pericarditis have also
been reported.

Endoscopic ultrasonography has been used to guide fine-needle aspiration
biopsy of mediastinal lymph nodes. In studies by Gress et al. (54), ultrasonog-
raphy without aspiration biopsy had an accuracy of 84% in predicting metastases
to lymph nodes, while CT had an accuracy of 49%. Endoscopic ultrasonography-
guided fine-needle aspiration diagnosed metastasis in lymph nodes in 14 of 24
patients, with accuracy of 96%. Pedersen et al. (55) found similar results. Although
this is a promising technique, its availability is limited.

3.3. Mediastinoscopy, Thoracoscopy,
and Left Anterior Mediastinotomy in the Diagnosis of NSCLC

Hammoud et al. (56) retrospectively reviewed 2,137 mediastinoscopies, 1,745
of which were in patients with suspected or known lung cancer. There were 4
deaths and 12 complications. In 422 patients, N2 or N3 disease was identified in
a total of 1,369 patients who had lung cancer. Of those with a negative medias-
tinoscopy (947 patients), an additional 76 had N2 disease on exploratory thora-
cotomy. The authors concluded that mediastinoscopy is a highly effective and
safe procedure. Gdeedo et al. (57) prospectively evaluated 100 patients with
NSCLS with CT and mediastinoscopy. The accuracy rate was 59% for CT and 97%
for mediastinoscopy. The accuracy of CT was lowest for left-sided and centrally
located tumors. There were 29 false-positive scans and 12 false-negative scans.
These results indicate the value of mediastinoscopy in assessing patients with
known or suspected lung cancer.

Recently, Carbognani et al. (58) reviewed the role of mediastinoscopy, thorac-
oscopy, and left anterior mediastinotomy in the evaluation of NSCLC. They
evaluated right paratracheal, right tracheal bronchial, subcarinal, subaortic, and
para-aortic nodes and demonstrated that the classical techniques for mediastinal
exploration, mediastinoscopy, and left anterior mediastinotomy have recently
been integrated with videothoracoscopy. Using these techniques in 186 patients,
the authors were able to achieve a complete study of each suspected N2 site. They
felt that videothoracoscopy is useful to safely biopsy the aortic-window lymph
nodes under direct vision.
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Roberts et al. (59) compared radiologic thoracoscopic and pathologic staging
in patients with early NSCLC. They found that thoracoscopy was more accurate
than CT for staging, especially in the case of T-stage. Thoracoscopy allowed
detection and evaluation of effusions and chest-wall invasion, but did not allow
sampling of aortic window nodes in patients with bulky left upper-lobe lesions.

 Vansteenkiste et al. (60,61) compared the accuracy of CT and PET scanning
in 68 patients who underwent invasive surgical staging of 690 lymph-node sta-
tions. In the detection of N2/N3 disease, the sensitivity, specificity, and accuracy
of CT were 75%, 63%, and 68%, respectively. For PET scanning plus CT, this
was 93%, 95%, and 94% (P = 0.0004). However, despite both scans, five patients
were understaged, and four were overstaged. Other studies support the finding
that the addition of PET scanning to CT scanning increases accuracy (62). Addi-
tional experience is needed to understand its clinical role. Mediastinoscopy is
still recommended by Kernstine et al. (63) for mediastinal lymph-node staging
in NSCLC. Marom et al. (64) found that whole-body PET scanning was more
accurate than thoracic CT scanning, bone scintigraphy, brain CT scanning, or
MRI in staging bronchogenic carcinoma. PET scanning of mediastinal nodes in
that study was accurate in 85% of the patients.

4. CENTRAL PULMONARY MASSES

Central pulmonary masses are usually evaluated by fiberoptic bronchoscopy.
McLean et al. (65) examined variations in fiberoptic bronchoscopy practice in
Scotland to develop standards for optimal clinical practices. Their study showed
that 87% of endoscopically visible tumors were confirmed histocytologically as a
result of the procedure. The study also demonstrated a great variation in techniques,
yields, and patient satisfaction. Govert et al. (66) prospectively compared the
sensitivity of endobronchial needle aspiration with bronchial biopsy and bronchial
washing for bronchoscopically visible lung carcinoma in 65 patients. The addi-
tion of endobronchial needle aspiration increased the sensitivity from 82–95%.

Endobronchial needle aspiration—followed by biopsy and bronchial washings
only if immediate interpretation of the needle aspiration is negative—may be the
most effective strategy for evaluating visible endobronchial lesions. Dasgupta et
al. (67), in a similar study, demonstrated a 96% yield from endobronchial needle
aspiration. Bilaceroglu et al. (68) found that endobronchial needle aspiration had
a higher yield than brush biopsy and forceps biopsy without additional risk.

Haponik et al. (69) commented on virtual bronchoscopy using thoracic helical
CT scans. This technique may be helpful in evaluating central lesions, and has
the advantage of viewing beyond the stenosis. The authors point out that the
clinical role of virtual bronchoscopy is not established, but with advancing tech-
nology, this technique may affect decision-making and clinical outcomes.
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Autofluorescence bronchoscopy can be used to detect preneoplastic lesions
and early-stage cancer. This method illuminates the bronchial surface with violet
or blue light. Normal tissue illuminated by this technique has a higher fluorescence
than preneoplastic tissue or carcinoma in situ. Lam et al. (70) demonstrated an
increased detection rate of pre-invasive lung cancer compared to white-light
bronchoscopy. Lam (71) comments that, because molecular changes preceded
morphologic abnormalities, sometimes discrepancies are found between quan-
titative autofluorescence and conventional histopathology. Vermylen et al. (72)
confirmed a 3.75-fold increase in sensitivity of autofluorescence bronchoscopy
for moderate dysplasia or worse when compared to conventional techniques.

5. PLEURAL EFFUSIONS

The usual methods for diagnosing pleural effusions include thoracentesis,
closed (needle) pleural biopsy, open pleural biopsy, thoracoscopy, and open pleu-
ral biopsy. Most patients are evaluated first with thoracentesis, and the choice of
a second procedure depends on the associated anatomy of the tumor and some
of the following considerations.

Sahn and Good (73) evaluated the diagnostic, prognostic, and therapeutic
implications of pleural fluid pH in malignant effusions. They found that patients
with a pleural fluid pH level of less than 7.30 had a significantly greater positivity
on pleural fluid cytologic evaluation, a shorter mean survival, and a poorer response
to pleurodesis. Sahn and Good concluded that the determination of pleural fluid pH
provides guidance for diagnostic testing, prognostic information, and a rationale
for palliative treatment.

Nance et al. (74) compared the diagnostic efficacy of pleural biopsy as com-
pared with that of pleural fluid examination. They reviewed the record of 385
patients with concurrent pleural biopsy and fluid exam, identified from 1973 to
1986. A total of 109 patients had a final diagnosis of malignancy, and cytology
was diagnostic in 71%. Pleural biopsy was positive in 45%, including three cases
with a negative cytology. The authors concluded that a combination of biopsy
and fluid examination improves diagnostic sensitivity. Pleural biopsy increases
the rate of complications, and led to fatal hemorrhage in two patients. Pleural
fluid was superior for the diagnosis of malignancy.

Kjellberg et al. (75) studied 78 patients who underwent curative resection for
lung cancer, and did not have pleural effusions. Pleural lavage was performed
during surgery before lung manipulation, and cytology was positive in 11%. There
was a correlation with the adenocarcinoma cell type, but not with tumor stage.
The prognostic meaning of these findings is unknown. Sugiura et al. (76) studied
the prognostic value of cytologically negative and cytologically positive pleural
effusions in stage IIIB lung cancer. They found that the presence of effusion signif-
icantly reduced survival. Among patients with effusion, there was no difference
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in survival time between cytologically positive or negative groups, but patients
with any effusion had survivals similar to stage IV patients.

Emad and Rezaian (77), working in a region where there is a high incidence
of tuberculosis, demonstrated that pleuroscopy was superior to closed pleural
biopsy in evaluating older patients (>50 yr of age) with exudative pleural effu-
sions, but in younger patients they were equally diagnostic. Hansen et al. (78) retro-
spectively studied 147 patients who had a cytologically negative thoracocentesis.
On thoracoscopy, a diagnosis was made in 90%, and 62% had malignancy. Only
2% had tuberculosis. There was no mortality from the procedure, and morbidity
was only 0.6%. In 64% of the patients, thoracoscopy resulted in treatment.

Atagi et al. (79) reviewed the use of pleural hyaluronic acid and CEA in 99
patients. They indicate that when the combination of the two markers is con-
sidered, a high level of hyaluronic acid and a low level of CEA may be helpful
in distinguishing malignant mesothelioma from pleural carcinoma.

6. COST-EFFECTIVENESS OF DIAGNOSTIC TECHNIQUES

The high costs of health care and the complexity of testing for patients with
presumed lung cancer have driven several investigators to analyze different strat-
egies for cancer evaluation for cost-effectiveness. Goodwin and Shepherd (80)
recently reviewed the economic issues involved in lung cancer, and concluded
that the increased medical care costs in lung-cancer patients are somewhat offset
by the higher medical costs of longevity in nonsmokers. The net cost to society
is the lost productivity that results from smoking.

 Goldberg-Kahn et al. (12) reviewed a decision-analytic model to determine
whether and under which conditions sputum cytology might have a cost-effective
role to play in the approach to a lung lesion. They compared the utility of sputum
cytology, image-directed fine-needle aspiration, bronchoscopic examination,
and open lung biopsy in the evaluation of lung lesions. Their analysis included
the cost of surgery and assumed a lesion size of 2.8 cm. This study suggested that
open lung biopsy is the preferred cost-effective strategy in the workup of lung
lesions of patients who are surgical candidates over 30 yr of age. Sputum cytol-
ogy was the preferred strategy only when the patient was not a surgical candidate
and the laboratory could demonstrate sufficient test sensitivity.

Raab et al. (13) evaluated the importance of sputum cytology in the diagnosis
of lung cancer. They evaluated the use of sputum cytology preceding other tests.
The mortality associated with testing and surgical treatment, cost for testing and
initial treatment, life expectancy, lifetime cost of medical care, and cost-effec-
tiveness were also evaluated. The authors concluded that, in central lesions, spu-
tum cytology as the first test is the dominant strategy, resulting in lower medical-
care costs and reduced mortality risks. In peripheral lesions, sputum cytology
also resulted in cost savings.
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Gambhir et al. (81) also applied a decision-analytic model to compare four
strategies: 1) watch and wait; 2) surgery; 3) CT; and 4) CT and PET. They found
the latter to be the most cost-effective over a large pretest likelihood, with a cost
savings of up to $2,200 per patient. Gould and Lillington (82) have presented
data that PET scanning is a better predictor of malignancy in a solitary pulmo-
nary nodule than the standard criteria, and thus will lead to cost savings.

Crocket et al. (83) studied the yield and cost-effectiveness of transbronchial
needle aspiration in the assessment of mediastinal and hilar lymphadenopathy.
They concluded that this procedure altered management in more than one-half
the patients and avoided additional testing, averaging $27,335 per patient.

 Colice (84) attempted to determine whether fiberoptic bronchoscopy or CT
results in the lowest number of tests needed to diagnose lung cancer in patients
presenting with hemoptysis and a normal chest radiograph. He concluded that a
strategy relying on initial sputum cytologic testing as a screen for choosing either
fiberoptic bronchoscopy as an immediate diagnostic step or serial followup chest
X-rays to detect lung cancer in patients presenting with hemoptysis and normal
chest X-ray results in the lowest number of diagnostic tests is needed.

7. FUTURE PROSPECTS

We are on the threshold of applying several new technologies to the problem
of lung-cancer detection and diagnosis. The development of advanced compu-
ter-assisted tomographic techniques, PET, real-time CT fluoroscopy, and virtual
bronchoscopy will enhance our ability to separate malignant and benign lesions.
Newer invasive techniques, such as transbronchial needle aspiration, will allow
an exact diagnosis. New information from large population studies of high-risk
individuals should result in earlier detection of small, curable lesions. The com-
bined application of these developments requires the physician to constantly
revise the algorithm for the evaluation of solitary pulmonary nodules and other
lung tumors. The simultaneous advances in techniques for evaluation of pulmo-
nary function and for the treatment of malignancy will provide a better understand-
ing of what the patient can tolerate. Integration of this technology and information
should lead to better outcomes for the patient.
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1. INTRODUCTION

Accurate lung-cancer staging is essential for designing treatment programs
and for determining a prognosis. Most importantly, a consistent, reproducible
staging system is imperative for the execution of meaningful clinical trials of old
and new therapeutic modalities, and for the extrapolation of the outcomes of
trials to the general population.

The International System for Staging Lung Cancer is widely accepted as an
accurate and reproducible staging system for non-small-cell lung cancer (NSCLC)
(1). The staging system for small-cell lung cancer (SCLC) presently divides this
disease into limited and extensive stage (2). However, there continues to be num-
erous proposals for a more meaningful staging system for SCLC.

2. NON-SMALL-CELL LUNG CANCER (NSCLC)

The International System for Staging NSCLC, which is based on the TNM
system (T = tumor, N = regional lymph nodes, M = metastases), has been in use
since 1986, and was recently revised (1). The details of this staging system are
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presented in Fig. 1 and Tables 1 and 2. The TNM descriptors are then used to stage
a patient into one of four major subgroups, three of which are subdivided into two
separate subgroups. These staging groups make it possible to accurately predict
a prognosis in individual patients, and to help select patients who are eligible for
definitive surgical management. This staging system accurately reflects sur-
vival. The 5-yr survival rate ranges from 61% in patients with clinical stage IA
NSCLC to 1% for patients with stage IV NSCLC. (Figs. 2–5). There are many
imaging modalities and invasive tests that can be performed to stage a lung
tumor. However, one goal of clinicians should be to perform this staging in the
most accurate, cost-effective manner available.

2.1. Staging Evaluation
2.1.1. PRIMARY TUMOR

The specific description of the T stage helps to predict prognosis based on the
size and location of the primary lung tumor. The T stage also details the extent

Fig. 1. Diagrammatic representation of stage I, II, and III disease with TNM subsets.
Reprinted with permission. Mountain CF. Staging of Lung Cancer. In: Roth JA, Cox JD,
Hong WK, eds. Lung Cancer. Blackwell Scientific, 1993.
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Table 1
TNM Definitions

Primary tumor (T)
TX Primary tumor cannot be assessed, or tumor proven by presence of malignant cells

in sputum or bronchial washings, but not visualized by imaging or bronchoscopy
T0 No evidence of primary tumor
T1 Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura,

without bronchoscopic evidence of invasion more proximal than lobar bronchus
(i.e., not in main bronchus)*

T2 Tumor with any of the following features of size or extent:
More than 3 cm in greatest dimension
Involves main bronchus, 2 cm or more distal to the carina
Invades the visceral pleura; or
Associated with atelectasis or obstructive pneumonitis that extends to the hilar
   region, but does not involve the entire lung

T3 Tumor of any size that directly invades any of the following: chest wall (including
superior sulcus tumors), diaphragm, mediastinal pleura, or pericardium; tumor in
the main bronchus less than 2 cm distal to the carina, but without involvement of
the carina; or associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great
vessels, trachea, esophagus, vertebral body, or carina; or tumor with a malignant
pleural effusion** or pericardial effusion, or satellite nodule(s) within the primary
bearing lobe

Lymph node (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph-node metastasis
N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes,

including direct extension
N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral, or

contralateral scalene, or supraclavicular lymph node(s)

Distant metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis***

*The uncommon superficial tumor of any size with its invasive component limited to the bron-
chial wall, which may extend proximal to the main bronchus, is also classified T1.

**Most pleural effusions associated with lung cancer are due to tumor. However, there are a
few patients in whom multiple cytopathologic examinations of pleural fluid show no tumor. In
these cases, the fluid is nonbloody, and is not an exudate. When these elements and clinical judg-
ment dictate that the effusion should be excluded as a staging element and the patient’s disease
should be staged T1, T2, or T3. Pericardial effusion is classified according to the same rules.

***Separate metastatic tumor nodule(s) in the ipsilateral nonprimary-tumor lobe(s) of the lung
also are classified M1.

Reprinted with permission. Mountain CF. Revisions in the international system for staging
lung cancer. Chest 1997;111:1711–1717.
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of lung involvement, as well as extrapulmonary extension. The evaluation of
pleural and pericardial effusions is also important in determining the correct T
stage (Table 3).

2.1.1.1. Bronchoscopy. Bronchoscopy can be used both in diagnosing lung
cancer and evaluating the central extension of the tumor. Its main use in staging
the primary tumor is in evaluating the proximity of the tumor to the carina and
determining whether or not there is extension into the carina (3).

2.1.1.2. Computed Tomography. CT can be used to determine both chest-
wall and mediastinal invasion, especially when this invasion is obvious (4).
While invasion into the chest wall does not preclude a patient from surgery, it
does impact on the type of surgery to be performed, and increases the morbidity
of complete resection. Similarly, if the primary tumor invades the mediastinum,

Table 2
International Revised Stage Grouping

Stage 0 TIS
Stage IA T1, N0, M0
Stage IB T2, N0, M0
Stage IIA T1, N1, M0
Stage IIB T2, N1, M0
Stage IIIA T1-3, N2, M0; T3, N1, M0
Stage IIIB T4, any N, M0; any T, N3, M0
Stage IV Any T, any N, M0

Reprinted with permission. Mountain CF. Revi-
sions in the international system for staging lung
cancer. Chest 1997;111:1711–1717.

Fig. 2. Survival rates for 2,055 patients with M0 disease, according to T classification.
Reprinted with permission. Naruke T, et al. Implications of staging in lung cancer. Chest 1997;
112:242S–248S.
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Fig. 3. Survival based on lymph node status, according to both clinical and pathologic stag-
ing. Reprinted with permission. Mountain CF. Regional lymph node classification for lung
cancer staging. Chest 1997;111:1718–1723.

Fig. 4. Survival rates for 2,383 patients after resection of lung cancer, according to postoper-
ative M classification. Reprinted with permission.Naruke T, et al. Implications of staging
in lung cancer. Chest 1997;112:242S–248S.

but there is not invasion of the major structures (heart, great vessels, trachea,
esophagus, vertebral bodies), the patient may still be a surgical candidate. As
stated previously, the accurate determination of chest-wall or mediastinal inva-
sion allows for a more accurate determination of prognosis (5).
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Fig. 5. Cumulative proportion of patients expected to survive five years with lung cancer fol-
lowing treatment, according to clinical stage of disease. Reprinted with permission.Mountain
CF. Staging of Lung Cancer. In: Roth JA, Cox JD, Hong WK, eds. Lung Cancer. Blackwell
Scientific, 1993.

Table 3
Minimally Invasive Approach

to Pretherapy Evaluation of Advanced Local-Regional Disease

Tumor status

Pleural Chest Vertebral Blood
Approach metastasis Endobronchial wall body Heart vessel Esophagus

CT 2° 2° 2° 2° 3° 3° 3°
MRI 3° — 1° 1° 2° 2° 2°
Bronchoscopy — 1° — — — — —
Thoracoscopy 1° — 3° 3° 4° 4° 4°
Echocardiogram — — — — 1° 1° —
EUS — — — 4° — — 1°

aCT = computed tomography; EUS = esophageal ultrasound; MRI = magnetic resonance
imaging.

bDiagnostic modalities: 1° = primary; 2° = secondary; 3° = teriary; 4° = quarternary.
Reprinted with permission. LoCicero J. Role of Thoracoscopy in the Diagnosis and Treatment

of Lung Cancer. In: Roth JA, Cox JD, Hong WK, eds. Lung Cancer. Blackwell Scientific, 1993.

Several investigators have found that CT is not accurate in detecting chest-
wall invasion, with sensitivity of this technique ranging from 20–87% (6–11).
Glazer et al. were able to obtain a sensitivity of 87% when using three different
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CT criteria for chest-wall involvement (10). However, the specificity in their
study, was only 59% (10). CT is not very accurate in demonstrating direct media-
stinal invasion with a sensitivity of 69%, and specificity ranging from 63–72%
(9–12). In most of these studies, patients with gross invasion of the chest wall or
mediastinum were excluded, thus decreasing the estimated sensitivity.

2.1.1.3. Magnetic Resonance Imaging (MRI). Several studies have been
done comparing CT and MRI in the diagnosis of chest-wall and mediastinal
invasion (11,13–15). MRI is probably superior to CT in diagnosing chest-wall
invasion. In one study, MRI was 90% sensitive and 86% specific in predicting
chest-wall invasion (16). This is especially true in superior sulcus tumors, in
which MRI is better at displaying the anatomy in this region with thin-section
and coronal images (11). In most of the comparative studies, there was no dif-
ference between these two modalities in predicting mediastinal invasion (13,14).

2.1.1.4. Positron-Emission Tomography (PET). PET scanning, particularly
with [18F] fluorodeoxyglucose, is able to detect malignant cells. The malignant
cells actively metabolize this radioactive isotope of glucose, which emits posi-
trons as it decays. The positrons then combine with electrons to produce light
pulses, which are detected by light-sensitive crystals in a PET scanner (25). While
PET scanning is more commonly used, and is approved for the staging of lung
cancer, it is not useful in evaluating the T stage of a tumor. It is not accurate in
detecting invasion into adjacent structures, such as the chest wall, diaphragm,
and large blood vessels (25).

2.1.2. LYMPH NODE STATUS (FIG. 6)
One of the most important factors in determining the surgical resectability of

a patient’s lung cancer, as well as the prognosis, is the determination of whether
there is lymph-node involvement of the mediastinum. While there are many ways
to image or sample the mediastinal lymph nodes, mediastinoscopy is the stan-
dard for comparison.

2.1.2.1. Bronchoscopy. The idea of transtracheal and transbronchial biopsy
to sample mediastinal lymph nodes was first introduced in 1949 (27). Wang and
Terry demonstrated the feasibility of this technique in four different groups of
patients (28). Shure and Fedello were able to detect malignant, subcarinal lymph
nodes in 15% of patients with lung cancer (29). In their study, 38% of patients
with an abnormal-appearing carina on bronchoscopy had positive bronchoscopic
biopsies (29). As bronchoscopists have become more experienced with this pro-
cedure, and a larger bore needle has come into use, they have been able to obtain
a much higher sensitivity. An analysis of several studies yields a diagnostic sens-
itivity ranging from 43–86% (30–33). False positives are rarely reported, and
these are minimized by performing the transtracheal biopsy prior to examining
or sampling more distal lesions (32,34–35).
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Fig. 6. Regional nodal stations for lung cancer staging. Reprinted from Mountain CF.
Regional lymph node classification for lung cancer staging. Chest 1997;111:1718–1723.

2.1.2.2. CT. CT defines lymph-node metastases on the basis of size, with 1.0
cm in short axis usually being the margin between benign and malignant (20,42).
This method has a certain built-in amount of error, because malignancy can be
detected in 7–13% of lymph nodes less than 1.0 cm in diameter (43,44). The
reverse is also true, since lymph nodes can be larger than 1.0 cm, yet not contain
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malignancy. In one study, 37% of lymph nodes that were 2–4 cm in size did not
contain metastasis (44).

In a meta-analysis that reviewed 42 studies evaluating the accuracy of CT in
diagnosing mediastinal lymph-node metastases, sensitivity was 79%, and speci-
ficity was 78% (45). The majority of the studies reviewed in this meta-analysis
used mediastinoscopy with biopsy of only visible, palpable nodes as the standard
for comparison (45,46). However, if a complete mediastinal lymph-node dissec-
tion is performed, the sensitivity goes down (47). The average sensitivity in six
studies using this technique was 60% (45). In more recent studies that compared
CT to PET, sensitivity of CT ranged from 43–81% (average 63%) in detecting
mediastinal lymph-node metastases, with 80% specificity (49–55,85).

2.1.2.3. MRI. Many studies have been done comparing MRI to CT for evalu-
ation of mediastinal metastasis (28,48). Overall, there is no difference in sensi-
tivity, specificity, or accuracy between these two imaging methods (48). MRI is
better than CT in evaluating the aorticopulmonary window or subcarinal space
because of its ability to image these areas in coronal or sagittal planes. However,
CT is better if there is calcification, since MRI does not clearly demonstrate
calcifications (14,22).

In interpreting the many CT and MRI studies, it is important to realize that the
lymph node that is found to be cancerous at surgery is not necessarily the lymph
node that was found to be abnormal on CT or MRI. These imaging techniques
are only 15–44% sensitive in evaluating individual node stations (44).

2.1.2.4. Pet Scanning. PET scans have an advantage over CT and MRI in the
sense that size is not a criterion for positivity. Several studies have now shown
that PET is superior to CT in evaluating mediastinal lymph nodes. On average,
PET has a sensitivity of 88% and specificity of 93%. This is significantly better
than the 63% sensitivity and 80% specificity for CT (49–55) (Table 4). While
PET is not yet widely available, it is FDA-approved for lung-cancer staging.

2.1.2.5. Mediastinoscopy. Mediastinoscopy is considered the definitive pro-
cedure, short of open thoracotomy, for mediastinal lymph-node staging. This
procedure can be done by a cervical or anterior approach. It is very safe in experi-
enced hands, as Luke et al. reported a 2.3% complication rate with no deaths
among 1,000 consecutive mediastinoscopies. There were only three major com-
plications in that series that necessitated thoracotomy (57). The sensitivity of
mediastinoscopy in detecting mediastinal lymph-node metastasis ranges from
87% to 91%, and specificity is 100% (57).

2.1.3. PLEURAL DISEASE

When NSCLC spreads to the pleura, it usually causes a pleural effusion.
However, not all effusions in patients with lung cancer prove to be malignant.
If the effusion does turn out to be malignant, it signifies a particularly poor
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prognosis. In one large series, patients with a malignant pleural effusion had a
1-yr survival of 17% (62). A thorough evaluation of any effusion must be under-
taken, especially if it is the only potential site of disease that would prevent a
curative resection of the primary tumor.

Thoracentesis is usually the first test done to evaluate a pleural effusion in patients
with lung cancer. If the first thoracentesis is not diagnostic, then a pleural biopsy
should be done, along with a second thoracentesis, to increase the diagnostic
yield (64). If thoracentesis and pleural biopsy do not yield a diagnosis—NSCLC
or otherwise—then video-assisted thoracoscopy should be undertaken to estab-
lish a diagnosis (64). Video-assisted thoracoscopy is a very safe procedure, and
is an excellent technique for visualizing and sampling the pleura (61).

3. DISTANT METASTASES

The search for metastatic disease upon the diagnosis of NSCLC is not only
important for determining resectability and prognosis, but also identifies sites of
disease that may need to be treated with radiation or surgery for palliative ben-
efit. The most common sites of metastasis are the adrenal glands, liver, bone,
brain, and contralateral lung. Distant metastases were discovered in 21% of
newly diagnosed patients with NSCLC in a recently published series (109). Of
those patients with distant metastases at presentation, the most common sites are
the brain (47%), bone (35%), liver (22%), and adrenal glands (15%) (109). The
initial evaluation for metastatic disease includes a thorough history and physical
examination, as well as blood tests including CBC, liver-function studies, cal-
cium, and alkaline phosphatase (67,68). Subsequently, imaging studies are done
to further evaluate any positive clinical findings. There is controversy as to what
studies, if any, should be done to search for widespread metastases in patients
who exhibit no clinical abnormalities (67,68).

3.1. Adrenal Glands
Initial CT scanning of the chest should include the adrenal glands, as these are

a common site of disease. A solitary adrenal mass on CT scan requires careful
evaluation, especially if it is the only abnormality that is found during the meta-
static workup. Benign adrenal adenomas are common in the general population
(2–10%), and must be differentiated from malignant lesions (26). CT scan can
sometimes differentiate adenomas from metastases. Benign adenomas are typi-
cally less than 3 cm in diameter, and have low attenuation because of their fatty
content (26). However, adenomas and metastases often appear similar on CT scan
(70). MRI can be helpful in further characterizing adrenal masses. The ratio of
signal intensity of the adrenal lesion on MRI is compared to the signal intensity
of the liver. A ratio of greater than 1.4 is consistent with metastasis (71). If there is
uncertainty about the nature of an adrenal mass after CT and MRI, then a biopsy
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should be performed. In a recent study evaluating PET, this technique was found
to be 100% sensitive, and 80% specific in detecting adrenal metasatses (110).

3.2. Liver
Like the adrenal gland, the liver is often routinely imaged in combination with

the chest on the initial CT. Whether routine liver imaging should be done is con-
troversial. A contrast-enhanced CT of the liver is usually done when there are
abnormalities on physical examination or laboratory evaluation, or if there are
abnormalities on a noncontrast CT. Benign liver lesions are common, and con-
trast is necessary to distinguish cysts and hemangiomas from metastases. MRI
can be helpful in characterizing liver abnormalities, but liver biopsy may be
necessary to confirm the diagnosis if the liver lesion is the only abnormality seen
on metastatic workup (74).

3.3. Brain
Routine brain imaging is usually not recommended if the clinical evaluation

is negative, as silent brain metastases are found in less than 3% of such cases (75).
Some investigators argue that brain imaging should be done to prevent even this
small group of patients from having an unnecessary thoracotomy. Also, in one
retrospective study, 64% of positive head CT scans were done in asymptomatic
patients. The mode of brain imaging that should be done is still unclear. Many
investigators have shown MRI to be more sensitive than CT in detecting brain
metastases (76,77), while others feel MRI is not cost-effective (75). MRI is better
than CT in detecting posterior fossa lesions, edema, and blood that can be present
in small metastatic foci (79).

3.4. Bone
Bone metastases are frequently symptomatic, or cause an elevated calcium or

alkaline phosphatase level. If the clinical evaluation does raise suspicion, then
a radionuclide bone scan should be performed (81). Many people feel that if the clin-
ical evaluation is negative, a bone scan is unnecessary, since several studies have
shown that metastases will be detected in 0–3% of such cases. However, at least
one study showed that up to 17% of patients with an otherwise negative workup
have bone metastases (82). Radionuclide bone scans are sensitive, but not speci-
fic for malignancy. MRI has been evaluated for the detection of bone metastases,
and at least one study has found it to be more sensitive than bone scan (80).

3.5. Whole Body
Multiple studies are sometimes needed to assess a patient for metastatic dis-

ease, as indicated by the previous discussion. In fact, many oncologists obtain
a chest CT, head CT, and bone scan on all patients diagnosed with NSCLC. If a
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single test could evaluate the entire body for metastatic disease, it would likely
save time, money, and patient discomfort.

PET imaging appears to be more accurate then conventional imaging in deter-
mining whether a patient has distant metastases, and this is the case for both upstag-
ing and downstaging lung cancer (84,85) (Table 5). PET scanning could serve as
a single test for the detection of whole-body metastatic disease.

A new imaging modality, in which monoclonal antibodies (MAbs) directed
at tumor antigens are attached to radioisotopes, is being investigated as a way to
perform total body imaging. Antibodies to several different antigens are being
evaluated, including CEA, NR-LU-10, and somatostatin-binding agents (4). Early
studies are encouraging, but more patients need to be studied to determine the
utility of this method.

4. SMALL-CELL LUNG CANCER (SCLC)

The principle that precise staging allows consistency in clinical trial report-
ing, treatment, and prognosis is just as important in SCLC as it is for NSCLC.
However, there is much more debate about which staging system is the most
appropriate for SCLC.

The staging system that is currently employed divides small-cell into limited
disease (LD) and extensive disease (ED). Traditionally, LD has included those
patients with disease that can be encompassed within one tolerable radiation
portal (87). The International Association for the Study of Lung Cancer recom-
mended that LD include patients with ipsilateral hilar nodes, ipsilateral and
contralateral mediastinal and supraclavicular nodes, and ipsilateral pleural effu-
sion (86). There are conflicting studies as to whether patients with contralateral
mediastinal or supraclavicular lymph-node involvement, or with an ipsilateral
malignant pleural effusion, have a different prognosis than patients with no dis-
ease in these sites (90,92). Other investigators feel that the TNM staging system

Table 5
[18F]Fluorodeoxyglucose PET Studies of Lung Cancer Metastatic Disease

Detection of
unsuspected

No. of metastasis by Change in
Reference Patients Study type PET a (%) Resectability management

Valk et al., 1995 (30) 99 Prospective 11 NA NA
Lewis et al., 1994 (38) 34 Retrospective 29 Changed in 18% 41%
Bury et al., 1996 (39) 61 Prospective 10 NA NA

aThis shows the percentage of patients in whom PET detected distant metastatic disease.
bNA = not available; PET = positron-emission tomography.
Reprinted with permission. Lowe VJ, Naunheim KS. PET in lung cancer. Ann Thorac Surg

1998;65:1821–1829.
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should be used, since patients with stage I and stage II disease can have a 5-yr
survival of greater than 60% (87). Some investigators believe that prognostic
indicators, such as LDH and age, should be included as part of the initial staging.
In fact many recent articles have proposed staging systems that incorporate
prognostic factors such as tumor markers and patient demographics (92,93)
(Table 6, Fig. 7).

Table 6
A Proposed New Staging System for SCLC Using the SWOG Data Base

No. Median 2-yr
 patients survival survival

Stage (% total) (mo) (%) LD/ED LDH Age (yr) Effusion

I 322 (28) 19.0 40 LD NL <70 No
II 308 (27) 12.5 20 LD  NL ≥70 No

LD NL All Yes
LD >NL All All

III 74 (7) 10.5 10 ED NL All NA
IV 424 (38) 6.3 2 ED >NL All NA

aNL = normal; NA = not applicable.
Reprinted with permission. Albain KS, Crowley JJ, LeBlanc M, et al. Determinants of improved

outcome in small-cell lung cancer: an analysis of the 2,580-patient Southwest Oncology Group
data base. J Clin Oncol 1990;8:1563–1574.

    Characteristics

Fig. 7. Survival by prognostic groups from several Southwest Oncology Group small-cell
lung cancer studies. Reprinted with permission. Albain KS, et al. Determinants of improved
outcome in small-cell lung cancer: an analysis of the 2,580-patient Southwest Oncology
Group data base. J Clin Oncol 1990;8:1563–1574.
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SCLC spreads to the same organs as NSCLC but with different frequencies.
The brain (15%), liver (25%), cortical bone (30%), and bone marrow (20–25%)
are the organs most frequently affected at presentation Brain metastases are seen
in up to 80% of patients who live 2 yrs with SCLC (111). As in NSCLC, the eval-
uation for ED should begin with a complete history and physical examination,
and laboratory tests, particularly a lactic dehydrogenase (LDH) and evaluation
of the blood smear.

4.1. Thoracic Involvement
Since surgery is rarely an option in patients with SCLC, patients may not need

more than a chest X-ray to evaluate the chest, especially in patients with ED.
However, patients with LD require a CT scan of the chest to determine the precise
radiation portal. It is also useful to have a chest CT in order to accurately assess
treatment response. Since patients with very limited disease may be surgical can-
didates, CT scan is necessary to evaluate this small subset of patients for medi-
astinal adenopathy (95).

4.2. Extrathoracic Staging
The same discussions about imaging of the liver, adrenal gland, bone, and

brain that were presented in the section on NSCLC are also appropriate for SCLC
(96–103). Imaging of the brain is done routinely in SCLC because of the higher
frequency of brain involvement at presentation (10–27%) (2,96). It is also done
routinely to determine the type of radiation that may be utilized (prophylactic vs
therapeutic).

Bone-marrow metastases are seen more frequently in SCLC than in NSCLC,
and 17–34% of patients have bone marrow involvement at presentation (104–
106). Previously, bone-marrow aspiration was considered part of the routine ini-
tial staging workup. However, because of the invasiveness of the procedure, and
the fact that bone marrow is seldom the only site of metastatic disease, routine
bone-marrow aspiration is rarely done (105).

5. TUMOR MARKERS

The staging systems for lung cancer described in this chapter are commonly
accepted, and accurately predict the behavior of lung cancer in most patients.
However, these classifications are not accurate for every patient. For example,
patients with stage IA NSCLC have a 77% 5-yr survival (112).Therefore, it would
be helpful to have an accurate, reliable way of predicting which patients with
localized disease are most likely to relapse. Patients deemed more likely to relapse
would be good candidates for adjuvant therapy.

There are many proposed markers of aggressive behavior in lung cancer.
These can be divided into abnormalities of gene expression, tumor-associated
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antigens, and other biologic factors (113). Markers of abnormal gene expression
are found in the ras, myc, c-erbB2, bcl-2, Rb, and p53 genes. Tumor-associated anti-
gens include the blood group antigens, neuron-specific enolase (NSE), antigen
43-9F, CEA, CA-125, and squamous cell carcinoma (SCC) antigen. Other bio-
logic factors include tumor-cell DNA content, markers of tumor-cell proliferation,
basement membrane deposition, blood vessel and lymphatic invasion, interleu-
kin 2 receptor levels, intensity of angiogenesis, and cathepsin B expression.

Many of these markers appear promising as predictors of the biological beha-
vior of lung cancer. However, until the prognostic capabilities of these markers
are studied in large, prospective trials, they should not be used in routine staging
(113,114).

6. CONCLUSION

Lung-cancer staging is crucial for the accuracy of outcome reporting, the deter-
minaton of prognosis, and determination of appropriate therapy. Both NSCLC
and SCLC have widely accepted staging systems, although there are often pro-
posals for modification of the staging system for SCLC. Because of the vast array
of imaging techniques and invasive diagnostic modalities that are available, it is
important to have a uniform method for actually staging the newly diagnosed
patient. The National Comprehensive Cancer Network (NCCN), which is made
up of many of the major cancer centers in the United States, has developed guide-
plines for staging lung cancer (107,108).

6.1. NSCLC
After a patient is diagnosed with NSCLC, a chest CT that includes the adrenals,

and a chest X-ray should be obtained, if not done already. A complete blood count
with platelets and serum chemistries should also be obtained. These are in addi-
tion to a complete history and physical examination. If the patient has T3N0-1
disease by CT and/or bronchoscopy, a bone scan, brain MRI, and mediastinos-
copy should complete the staging prior to the patient undergoing resection. If the
tumor is located in the superior sulcus, then an MRI of the spine and thoracic inlet
should be obtained. If the patient has suspected T4 disease because of a pleural
effusion, a thoracentesis should be done. If the thoracentesis is nondiagnostic,
then thoracoscopy should be done to make the diagnosis (107).

6.2. SCLC
Once a patient is diagnosed with SCLC, the following procedures should be

done: History and physical examination, pathologic review, chest X-ray, chest/
liver CT to include adrenals, complete blood count with platelets, serum electro-
lytes, liver-function tests, calcium, and lactic dehydrogenase (LDH). If this workup
reveals limited stage disease, the patient should have a bone scan, and he/she
should also have a bone-marrow aspiration and biopsy if the LDH is increased.
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The recommendation for bone-marrow aspiration/biopsy is much less firm if
the LDH is normal. If the patient has extensive disease, then a bone scan and spot
X-rays of symptomatic areas should be done to complete the staging (108).

7. SCREENING

Mortality from lung cancer is higher than for any other malignancy in both men
and women (115). At the time of diagnosis, most patients have advanced, unre-
sectable disease. A screening program that identified a greater proportion of
early-stage lung cancer should improve mortality from lung cancer. The National
Cancer Institute (NCI) Cooperative Early Lung Cancer Detection Program con-
sisted of three large randomized, prospective studies that evaluated the benefits
of lung-cancer screening in more than 30,000 male smokers over the age of 45
(116–119). Previous nonrandomized studies had failed to demonstrate any ben-
efit of screening chest X-rays alone in high-risk patients (120–122). These three
trials evaluated the addition of sputum cytology to the screening program. None
of these trials demonstrated a difference between screened and control groups in
terms of lung-cancer mortality (117–119). Another study of lung-cancer screen-
ing with radiography and sputum cytology carried out in Czechoslovakia also
failed to demonstrate any difference in lung-cancer mortality between screened
and unscreened groups (123). The conclusion reached by the authors of these
trials is that there is no justification for large-scale radiologic or cytologic screen-
ing for early lung cancer (124). Strauss et al. have argued a different conclusion
from the same data (125). They suggest that lung-cancer mortality may not be
the appropriate end point in these large, randomized trials (125). They also point
out correctly that two of the four studies do not address the question of whether
a screening chest X-ray alone would be beneficial. They conclude that an annual
chest X-ray favorably influences stage distribution, respectability, and survival
in those patients diagnosed with lung cancer (125).

The potential benefit of an effective lung-cancer screening program has led
to studies using other techniques, such as spiral CT. In two trials from Japan,
spiral CT was performed in male smokers. In these two trials, more than 80% of
the cancers detected were stage I (126,127). Recently, the Mayo Clinic initiated
a screening trial of spiral CT for men and women over the age of 50 who are
current or former smokers (128). These trials are encouraging, but they do not
evaluate the usefulness of spiral CT as a mass screening tool. This will require
randomized, controlled trials that evaluate lung-cancer mortality in screened and
unscreened populations. An evaluation of the cost-effectiveness of screening
with spiral CT will also be important in determining its utility.

Sputum cytology analysis, using molecular markers as indicators of premalig-
nancy, is another technique that may eventually lead to successful screening
(129,130).
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1. INTRODUCTION

Lung cancer is a major health concern as we begin the 21st century. Lung
cancer currently strikes over 170,000 people in the United States each year.
Symptoms typically occur only late in the course of the disease. Moreover, there
are currently no generally accepted recommendations for screening for lung
cancer, even in high-risk populations. Unfortunately, death from lung cancer is
commonplace. Lung-cancer deaths yearly account for more cancer deaths than
the total of the three next most common cancers (breast, prostate, and colon)
combined. Given these statistics, treatment of lung cancer is on the forefront of
many medical initiatives.
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2. OVERVIEW

Treatment modalities for lung cancer include surgery, chemotherapy, radio-
therapy, or combined therapy. Standard therapy recommendations for lung can-
cer are currently dependent on the extent of disease at presentation. Accurate
staging of lung cancer thus provides the foundation of both current patient man-
agement and future clinical research.

Surgical therapy alone has long been the mainstay of treatment for early-stage
(stage I and II) non-small-cell lung cancer (NSCLC) (1). The challenge remains
to identify lung-cancer patients at this early stage, when resection offers the best
chance for a cure. Approximately three-fourths of newly diagnosed lung cancers
present as either advanced loco-regional disease or with distant metastatic dis-
ease. Only 15–25% of lung cancers present as stage I or II disease (2).

Many variables, including staging, tumor biology, and extent of surgery, affect
the range of 5-yr survival data reported in the literature for early-stage NSCLC.
Inconsistent staging has plagued the results of studies for decades. Accurate stag-
ing permits physicians to better stratify patients into homogeneous groups by
prognosis, and to more accurately compare outcomes of treatment strategies for
patients within these specific groups. Additionally, there has been a greater appre-
ciation for differences between clinical and pathologic staging. Dissimilar tumor
biology may also help to account for the variability of results reported in series of
patients treated for NSCLC. Variability in the extent of surgical resection within
groups of patients, and between treatment centers, has also lead to widely dis-
parate reported results for the surgical management of NSCLC.

3. STAGING

The international staging for lung cancer evolved gradually. In 1985, a univer-
sal TNM staging system was developed which became the standard for all patients
(3). It was comprised of four stages that quite accurately stratified 5-yr patient
survival. In 1997, revisions were made in defining certain subsets of patients,
which provided greater specificity for identifying patient groups with similar
prognoses (4).

3.1. Evolution and Description
The TNM staging system is described elsewhere in detail (see Chapter 6). The

T category of the staging describes the primary tumor, the N category character-
izes the status of regional lymph nodes, and the M category refers to distant
metastases. Stages I–IV are composed of varying combinations of the TNM indi-
cators. In the original international staging system, stage I included lung cancers
that were free of nodal or distant metastases and had the best prognosis. Stage
II lung cancers demonstrated metastases to intrapulmonary or hilar lymph nodes,
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but were completely surgically resectable. Stage III was divided into two groups.
Stage IIIA lung cancers were believed to be potentially resectable, while stage IIIB
were considered unresectable. Stage III was synonymous with locally advanced
disease. Stage IV lung cancers were defined by distant metastases.

Three major revisions in the international staging for lung cancer were made
in 1997 (4). Stages I and II were each subdivided into A and B categories. T3N0
tumors were reclassified into stage IIB from stage IIIA. Satellite tumor nodules
within the primary tumor lobe conferred a T4 classification to the primary tumor,
while satellite tumor nodules in nonprimary tumor lobes were considered M1
disease.

Stage I and II are together defined as early-stage disease. The common denom-
inator in stage 1 disease is the absence of lymph-node metastases. The subdivision
of stage I lung cancer into A and B was recently employed to reflect statistically
significant differences in 5-yr survival between small (<3 cm), more peripheral
tumors and larger, central, or pleural invasive tumors. As a group, stage I lung
cancers are the most curable with surgical resection.

The stage II lung cancers currently consist of a more diverse group of tumors.
These cancers involve either intrapulmonary or hilar lymph nodes, or demonstrate
isolated direct tumor invasion of the bony chest wall, diaphragm, or mediastinal
soft tissues (without lymph-node metastases) (5,6). This stage is subdivided into
A and B categories with small primary tumors (<3 cm) with intrapulmonary or
hilar lymph-node metastases comprising stage IIA, while all others compose
stage IIB.

Occult lung cancer, a special category of early-stage lung cancer, is rare. Occult
lung cancer is not radiologically detectable (7,8). Diagnosis is usually made by bron-
choscopy or sputum cytology. Most recently, fluorescence bronchoscopy has been
used as an adjunct in identifying mucosal abnormalities and directing endo-
bronchial biopsies of these suspect areas (9).

3.2. Preresectional Nonsurgical Staging Procedures
The preoperative staging of lung cancer is multifaceted. Clinical staging involves

a detailed history and physical exam, blood chemistries, and radiologic evalua-
tion. A history of recent weight loss or new focal bony pain, the identification of
lymphadenopathy, or the presence of chest-wall lesions are particularly important.

The loco-regional radiologic evaluation of a lung cancer includes a postero-
anterior (PA) chest x-ray (CXR) and a computed tomography (CT) scan of the
thorax through the liver and adrenal glands which routinely assess tumor size,
involvement of surrounding structures, metastatic disease, and resectability. Mag-
netic resonance imaging (MRI) has offered no distinct advantage over CT scan-
ning, except in the evaluation of tumor invasion into the vertebral body, blood
vessels, or diaphragm, or in the evaluation of superior sulcus (Pancoast) tumors.
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The metastatic radiologic survey for lung cancer is based on data demonstrating
that remote lung-cancer metastases are usually seen in the liver, brain, bone, and
adrenal glands. There is no universal agreement as to the need for radiologic eval-
uation of these organs in asymptomatic patients. However, studies have shown the
presence of metastatic disease identified with radiologic examinations in patients
without symptoms (10), and we have adopted routine use of these examinations.

4. PATIENT CONSIDERATIONS

Patients with lung cancer who are considered to be resectional candidates
require evaluation to determine operability. Preoperative pulmonary function
tests (PFTs), including forced vital capacity (FVC), forced expiratory volume at
one second (FEV1), and diffusion capacity of carbon monoxide (DLCO) are an
important screen, and these values are used to predict postoperative function. A
predicted postoperative FEV1 of ≥0.8–1.0 L is desired for any given type of lung
resection (11). This value can be determined from the product of the preoperative
FEV1 and the percentage of lung parenchyma remaining following resection. This
percentage may be estimated in a variety of ways. These include a tally of expected
remaining anatomic pulmonary lobes (X of 5), a count of expected remaining ana-
tomic pulmonary segments (X of 19), or an estimation of the percent of remain-
ing ventilation (or perfusion) based on quantitative radionucleotide ventilation/
perfusion (V/Q) lung scan. This latter method is particularly important in determin-
ing postoperative function in a potential pneumonectomy situation or in a margi-
nal patient with an obstructed airway.

The absolute FEV1 value may be misleading in some patients, particularly those
of modest height. An acceptable alternative in estimating the predicted post-
operative FEV1 is to use the percent predicted (of normal) value of the FEV1,
rather than the absolute number in the determination. In general, an adequate pre-
dicted postoperative value for a planned resection should be ≥30–40% of pre-
dicted FEV1 for any given patient. The predicted postoperative DLCO, which
may be determined in an analogous fashion to the predicted postoperative FEV1,
should also be ≥30–40% of predicted if resection is contemplated.

Patients with marginal or low spirometric values may be considered for surgery
on an individual basis. Cardiopulmonary exercise stress testing, which deter-
mines a maximum oxygen consumption value (V02 max), may help to better strat-
ify the perioperative risk in the marginal resectional candidate (12). This is a more
sophisticated test for assessing pulmonary and cardiac function than a 6-minute
walk or stair-climbing evaluation with pulse oximetry, but these studies are more
readily available and do provide valuable information.

Because many patients undergoing pulmonary resection have a history of
recent or remote tobacco smoking, a known risk factor of cardiovascular disease,
some general cardiac screening evaluation is often necessary. This can be tailored
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to each individual patient based on cardiac history and symptoms. Studies, includ-
ing echocardiogram, stress echocardiogram, exercise tolerance test, nuclear car-
diac stress test, and cardiac catheterization, may be used to better elucidate cardiac
disease and determine perioperative risk in resectional candidates.

5. SURGERY FOR LUNG CANCER

5.1. Preresectional Staging Procedures
The utility of staging of NSCLC depends upon its accurate assessment of the

extent of disease. Surgical preresectional staging is an essential part of this stag-
ing process. Resectional therapy should not be based on radiologic findings alone,
as these may be incomplete or inaccurate. Several surgical staging procedures
are currently used to improve the clinical and radiologic staging of NSCLC.

5.1.1. BRONCHOSCOPY

Bronchoscopy is an important and useful procedure in the staging of lung can-
cer. It may provide tissue for pathologic diagnosis, identify a synchronous endo-
bronchial tumor, or determine the distance between the tumor and carina. Bron-
choscopy is invaluable in surgical planning, particularly if a lung-sparing resection
is contemplated. Newer bronchoscopic procedures, such as Wang needle biopsy
or bronchoscopic ultrasound, may also provide information regarding mediastinal
lymph-node staging, tumor depth, or involvement of structures within anatomic
proximity.

5.1.2. CERVICAL MEDIASTINOSCOPY

Cervical mediastinoscopy is a surgical procedure used for mediastinal stag-
ing. It began in 1954, and was initially employed for the sampling of ipsilateral
mediastinal lymph nodes (13). After only a short time, the procedure was modi-
fied into one that is still in use (14). A small-diameter, cylindrical, rigid, hollow,
lighted scope is inserted into the superior mediastinum, along the ventral aspect
of the trachea, through an incision at the suprasternal notch, after digital palpa-
tion of the mediastinum. Bilateral mediastinal lymph nodes are accessible, and
may be aspirated or biopsied with forceps. Additional information, such as media-
stinal invasion by the primary tumor, may also be ascertained. Aortopulmonary
lymph nodes and pre-aortic lymph nodes are not typically accessible by conven-
tional cervical mediastinoscopy (15–17).

Cervical mediastinoscopy has become the traditional method for mediastinal
staging because of its safety and superb specificity and sensitivity (100% and 93%,
respectively) (18). It can be performed with negligible morbidity and mortality.
The prognostic significance of preresectional mediastinoscopy has been well
documented (19). Patients with mediastinoscopically proven N2 disease have a
significantly lower 5-yr survival (15% vs 41%) than those without (19).
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Current indications for cervical mediastinoscopy in the staging of lung can-
cers include mediastinal lymph-node enlargement by CT scan (>1.5 cm), T2,
T3, or T4 primary lesions, intent to use neoadjuvant therapy, adenocarcinomas,
large-cell carcinoma (LCC), multiple primary lesions, central tumor location, or
vocal cord paralysis (15).

The specific roles of routine mediastinoscopy and CT scanning in the evalua-
tion of mediastinal lymph nodes are controversial (20–22). Based on the body of
evidence, we believe that mediastinoscopy is the most accurate and reproducible
method of preresectional staging currently available, and recommend its use in all
patients undergoing resectional surgery for lung cancer. In addition to determining
the appropriateness of surgical therapy for a specific lung cancer, mediastinos-
copy or lymphyadenectomy at resection are imperative for outcome evaluation of
various therapies or between different centers for all stages of lung cancer.

5.1.3. ANTERIOR MEDIASTINOSCOPY

Anterior mediastinoscopy is a surgical procedure used to assess lymph-node
stations not accessible by cervical mediastinoscopy. A mediastinoscope is inserted
into the mediastinum through a small transverse incision lateral to the sternal
border. Dissection is carried into the mediastinum, with mobilization of the media-
stinal pleura to prevent entrance into the pleural space. Biopsy forceps are then used
to sample the lymph nodes encountered. This procedure is commonly employed
for staging of left upper-lobe tumors and in patients with anterior aortic lymph-
adenopathy or an anterior mediastinal mass seen on CT scan.

5.1.4. OTHER STAGING PROCEDURES

Other surgical procedures sometimes used in preresectional staging include
scalene or supraclavicular lymph-node biopsy, thoracoscopy, and video-assisted
thoracoscopic surgery (VATS). Supraclavicular lymph-node biopsy is generally
employed only if lymph nodes are palpable and not amenable to fine-needle
aspiration biopsy (FNABx) (23,24). Preresectional supraclavicular lymph-node
biopsy may also have some utility in the staging of Pancoast tumors (25). Tho-
racoscopy can be utilized to assess pleural effusions or to perform biopsies of
pleural abnormalities. VATS may be used as an alternative for exploration of the
aortopulmonary window or subaortic region. VATS has been used for evaluation
or re-evaluation of the ipsilateral mediastinum, and its role in mediastinal restag-
ing after induction therapy is currently under investigation.

6. SURGERY FOR EARLY-STAGE NSCLC

Surgery presently remains the standard treatment modality for patients with
early-stage NSCLC. Data show that surgery, when possible, offers the best chance
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for a cure in these patients. Complete resection of the tumor is the goal of surgical
resection. This may be done in a number of ways, using a variety of techniques.

6.1. Types of Resection
6.1.1. LOBECTOMY

Lobectomy is a type of standard anatomic resection. It is considered the small-
est excisional procedure recommended for the treatment of early-stage NSCLC
occurring within the boundaries of an anatomic pulmonary lobe, if a patient has ade-
quate pulmonary reserve and is otherwise an acceptable surgical candidate. Lobec-
tomy involves division of the branch pulmonary arteries and draining pulmonary
veins to that lobe. Much of the dissection is hilar, and division of the bronchus is
undertaken only after meticulous dissection of the hilar lymph nodes and associ-
ated lymphatics toward the lobar parenchyma. This allows for complete en-bloc
tumor removal.

6.1.2. PNEUMONECTOMY

Pneumonectomy is the complete excision of a single lung. It involves division
of the sided main pulmonary artery, ipsilateral superior and inferior pulmonary
veins, and the sided main-stem bronchus at the level of the carina. Lymph nodes
surrounding the hilar structures and main-stem bronchus are also removed with
the specimen. A conventional or extrapericardial pneumonectomy involves divi-
sion of the pulmonary vessels outside of the pericardium, while an intrapericardial
pneumonectomy implies dissection of these structures within the pericardial sac.
Pneumonectomy may be required in situations where the tumor involves the sided
main pulmonary artery, the upper and lower lung lobes simultaneously, the main-
stem bronchus (when sleeve resection is not possible), or when extensive involve-
ment of the more distal pulmonary artery or bronchus by tumor or lymph nodes
precludes safe dissection.

Pneumonectomy carries a higher risk of complications and perioperative death
than other lesser lung resections (26,27). Furthermore, the need for pneumonec-
tomy in the treatment of lung cancer cannot always be judged preoperatively in
a given case. Preoperative evaluation should therefore include testing to deter-
mine a patient’s ability to tolerate pneumonectomy.

6.1.3. BILOBECTOMY

Bilobectomy is a technique employed on the right lung, which removes either
the upper or lower lobe in conjunction with the middle lobe. This procedure is
used when the tumor mass crosses a pulmonary fissure to extensively involve
the parenchyma of a second lobe. A bilobectomy involves complete resection
of all parenchyma and the draining lymphatics associated with the tumor, in
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compliance with standard oncologic principles. However, bilobectomy is appli-
cable to only a minority of lung cancers.

6.1.4. SLEEVE LOBECTOMY

Sleeve lobectomy involves resection of an entire lobe of the lung and circum-
ferential resection of the associated main bronchus, with subsequent anastomo-
sis of the distal airway to the more proximal main bronchus. Any of the five lobes
is amendable to sleeve resection. Right upper-lobe sleeve lobectomy is the most
common. Sleeve lobectomy is utilized for central, node-negative tumors that
minimally extend to involve the main airway, without involvement of distal lung
parenchyma or airway, in patients who could not tolerate pneumonectomy because
of poor pulmonary reserve. Sleeve lobectomy morbidity and mortality rates are
higher than those for standard lobectomy, but are lower than reported for pneu-
monectomy (28).

6.1.5. NONANATOMIC AND LESSER RESECTIONS

Nonanatomic and lesser lung resections include wedge resection and segmen-
tectomy. A segmentectomy involves division of the segmental pulmonary artery
branches, pulmonary vein branches, and segmental bronchus. Composite resec-
tions of a few segments, particularly in the lower lobes, are common. Segmentec-
tomy is carried out in an effort to preserve lung parenchyma in marginal patients
with relatively small tumors. Wedge resection is a nonanatomic excision by par-
enchymal division around a tumor with negative margins. Generally, stapling
devices are used to accomplish this type of resection. Not all tumors are amend-
able to wedge resection because of size or location, and this oncologic compro-
mise procedure is generally used only in patients with poor lung function.

6.2. Techniques of Resection
6.2.1. THORACOTOMY

Pulmonary resections can be carried out through a variety of approaches (29). The
most commonly used is the posterolateral or lateral thoracotomy. This involves
positioning the patient in the lateral decubitus position, and division of chest-
wall skin, soft tissues, and muscles between the ribs and several centimeters
inferior to the scapular tip. Anterior thoracotomy is performed with the patient
in the supine position or with the sided hemithorax rotated slightly forward. It
also requires breast mobilization to a varying extent. It is generally used as an
approach for right middle-lobe resection, lingulectomy, or wedge resections of
select tumors. Axillary thoracotomy is carried out with the patient in the lateral
decubitus position. Excellent exposure to the lung apex is gained through this
incision, but its application in oncologic surgery is limited.

Muscle-sparing incisions may be used to preserve some or all of the chest-wall
musculature during the thoracotomy (30,31). Theoretical benefits of these ap-
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proaches  include improved early postoperative pulmonary function and decreased
pain. In general, these incisions may be extended or converted to a postero-lateral
thoracotomy if enhanced exposure becomes necessary.

6.2.2. STERNOTOMY

Median sternotomy is an approach that provides access to bilateral pleural
spaces and the anterior hila. There is poor exposure of the posterior hila and
posterior pleural spaces, and the left lower lobe is difficult to access (32,33). This
incision is most commonly used to address bilateral pulmonary lesions at a single
procedure. A transverse sternotomy or clam-shell incision provides exposure to
bilateral pleural spaces, but is rarely used for exposure in routine pulmonary
resection of malignancy. Occasionally, this incision is used for exposure in a com-
plex resection such as carinal pneumonectomy.

6.2.3. VIDEO-ASSISTED THORACIC SURGERY

Minimally invasive techniques used in the resection of lung malignancies are
now commonplace. VATS is widely used for wedge resections of pulmonary
nodules, particularly for diagnosis (34). These techniques are applicable to wedge
resections of small lung cancers, especially in elderly patients who are at high
surgical risk (35). Most recently, VATS techniques are currently being used for
formal anatomic resections in selected situations (36,37). Studies comparing
results of this technique to standard methods are underway.

6.3. Results of Resection
Surgical treatment of early-stage NSCLC results in long-term survival or cure

in only a moderate number of patients, despite complete resection of localized
disease. The 5-yr survival rates for patients undergoing surgical resection have
improved over the past four decades, a probable result of more accurate stage
classification and improved patient selection (38). Despite advancements in sur-
gical technique, technology, and therapy, it remains a fact that the majority of
early-stage NSCLC patients undergoing curative intent surgical resection will
succumb to recurrent disease, and most recurrences will be extrathoracic.

The 5-yr survival rate in completely resected stage I NSCLC ranges from 55–
72% in most series (4). Patients with stage IA tumors have an increase of approx
15% in 5-yr survival over those with stage IB. The 5-yr survival rate in com-
pletely resected stage II NSCLC has been reported to be between 29% and 51%.
Analogous to stage I tumors, the stage IIA 5-yr survival rate appears modestly
better than stage IIB (2). In addition to the T-size cutoff of 3 cm between A and
B stages, survival is directly proportional to tumor size. A better prognosis is
seen with smaller primary tumors (39). Patients with subcentimeter tumors have
the best prognosis.
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While complete resection has been the surgical goal in NSCLC, there has been
debate over which method should achieve this. The Lung Cancer Study Group
published the results of their data in 1995, comparing lobectomy to limited
resection for T1 NSCLC, in a prospective manner, in 247 patients (40). The most
significant finding was the threefold increase in loco-regional recurrence with
limited resection vs lobectomy. A trend was seen toward improved survival with
lobectomy, but was not statistically significant.

Other studies have compared the results of lobectomy to segmentectomy.
Warren and colleagues retrospectively found a statistically significant improve-
ment in survival in patients undergoing lobectomy compared to those undergo-
ing segmental resection when primary tumors of all sizes were compared (41).
This survival difference was attributed to patient selection, as marginal candi-
dates were more likely to undergo segmental resection and to die of comorbid
diseases within 5 yrs. A higher loco-regional recurrence with segmentectomy
was also reported in this study.

Nonanatomic wedge resection (open and VATS) was compared to lobectomy
in stage I NSCLC in a study by Landreneau and colleagues reported in 1997. The
219 consecutive patients underwent open-wedge resection in 42, VATS wedge
resection in 60, and lobectomy in 117. Operative mortality was low in all groups,
and identical survival was seen at 1 yr. However, local recurrence was higher and
5-yr survival was lower in the open-wedge resection group (24% and 58%,
respectively), compared to the lobectomy group (9% and 70%, respectively).
Statistics for the VATS wedge resection group (16% and 65%, respectively) fell
between the other two groups. The authors concluded that anatomic lobectomy
is the excisional treatment of choice, while wedge resection is a viable compro-
mise procedure for patients with cardiopulmonary physiologic impairment.
These data are similar to those reported by other investigators.

The utility of VATS procedures, including VATS wedge resection, in aged
patients was documented in a study by Jaklitsch and colleagues (35). Over 300
VATS procedures were undertaken on 296 patients ≥65 years of age. Operative
mortality was found to be <1%. Major morbidity occurred in 7%, and the length
of hospital stay was shorter than that reported for open lobectomy. It was con-
cluded that VATS resections may be safer than open thoracotomy in the elderly.

Many factors, aside from tumor stage and extent of surgical resection (42),
have been implicated in the varied 5-yr survival results reported for surgically
resected NSCLC. Histology seems to play an important role, with squamous cell
carcinoma (SCC) having a more favorable outcome than adenocarcinoma, and
adenocarcinoma being more favorable than LCC (43). Adenocarcinoma with
mucin production, the presence of lymphatic invasion (44) or vascular invasion
(45), mitotic index, degree of differentiation, and intensity of angiogenesis
(46,47) have all been reported to be poor pathologic indicators in early-stage
NSCLC in numerous studies. The type of lymph-node involvement, including
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macroscopic (compared to microscopic) (48) and hilar (compared to lobar) (49),
portends a worse outcome.

The identification of prognostic biologic markers in NSCLC is a rapidly expand-
ing field (50,51). Biologic indicators, such as overexpression of HER-2/neu
protein (52), the presence of angiogenesis markers, immunohistochemical mark-
ers of growth regulation, adhesion, and cell-cycle regulation (53), p53 expres-
sion, K-ras codon 12 mutation, and H-ras p21 expression (54) may be predictors
of recurrence, and may be associated with worse outcomes in early-stage NSCLC.
These are discussed elsewhere in detail (see Chapters 3 and 4).

7. SURGERY FOR LUNG CANCER
OTHER THAN EARLY-STAGE NSCLC

Surgical resection therapy for NSCLC for stages other than early-stage dis-
ease is limited. Surgical resection alone for stage IIIA NSCLC, in general, has
been shown to be inadequate treatment, with 5-yr survival ranging from 13–
23%. Surgery in protocol settings is appropriate for stage IIIA disease, where a
combined modality approach appears to have the greatest efficacy. The standard
approach appears to be evolving toward surgery following neodjuvant therapy.
Stage IIIB NSCLC, for the most part, remains a nonoperative stage lung cancer
in the United States except for diagnostic, staging, and palliative procedures. A
highly selective group of patients with stage IIIB disease may be surgical can-
didates. Rare T4N0 tumors may be downstaged using adjuvant therapy allowing
curative resection. Surgery for stage IV NSCLC is mainly limited to staging and
palliation. Resectional surgery may be appropriate in select cases with single
organ metastatic disease, such as the brain or adrenal glands (55).

Surgery has little impact on long-term survival in patients with small-cell lung
cancer (SCLC), but may potentially cure a select minority of patients. Only 10%
of patients with SCLC will present with stage I or stage II peripheral tumors, but
5-yr survival following resectional surgery appears similar to that of patient with
other forms of lung cancer (56). Data show a significant chance of developing
recurrent systemic disease following resection, and chemotherapy is recom-
mended for all surgically resected peripheral SCLC (57). Additionally, some inves-
tigators advocate surgery for SCLC in patients who have undergone complete
remission following chemotherapy or chemoradiation therapy (58), although the
efficiency of adjuvant surgery has not been demonstrated prospectively.

8. FUTURE DIRECTIONS

Multimodality therapy for the treatment of NSCLC, including preoperative
neoadjuvant and postoperative adjuvant chemotherapy and/or radiation therapy,
is currently under active investigation. Prior studies have shown that adjuvant or
neoadjuvant radiation therapy improves local control, but has no effect on sur-
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vival. Adjuvant chemotherapy for early-stage disease has been evaluated, but the
results are inconclusive. Researchers continue to actively pursue the use of adju-
vant and neoadjuvant chemotherapy and combination therapy for early-stage
NSCLC. Some promising results in the neoadjuvant treatment of early-stage dis-
ease have recently been reported. Randomized studies have also shown a modest
survival advantage for multimodality therapy in stage III disease.

New technology, including robotic surgery, is likely to play an important part
in the surgical management of NSCLC in the future. Surgery will continue to be
a mainstay of therapy for early-stage NSCLC, even as its role eventually changes.
Surgery will be necessary in the future for vector placement in gene therapy, as
this innovative field matures to clinical application. Cryotherapy, electrocau-
tery, and radiotherapy, delivered via probes to in situ tumor masses, are being
developed for the treatment of NSCLC. Given the promise of refinement in surgi-
cal techniques, current initiatives in screening, and expectations of new treatment
approaches, the future of early-stage NSCLC should be viewed with optimism.

9. CONCLUSION

The management of early-stage NSCLC remains a significant clinical chal-
lenge. Currently, surgery offers the best chance for cure or long-term survival in
these patients. Improvements in staging, assessment of tumor biology, and stan-
dardization of surgical resections are necessary to decrease the variations in sur-
vival outcomes currently reported for early-stage NSCLC. Ongoing clinical trials
are underway to assess the role of adjuvant and neoadjuvant therapy in early-
stage disease. Novel therapies and efforts that impact on early detection may
serve to improve results of surgery in NSCLC in the future.
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1. INTRODUCTION

The management of regionally advanced non-small-cell lung cancer (NSCLC)
has evolved rapidly over the last decade. The older AJCC staging system had
employed a single stage III category to group patients who had regionally advanced
NSCLC in the same category as those with distant metastatic disease (1). How-
ever, the introduction of the ISS in 1986 subdivided regionally advanced stage
III disease into stage IIIA and IIIB categories, and defined a stage IV category
to separate those with distant metastases (2).

In 1997, a major revision of the ISS was introduced, and was associated with
several changes (Table 1) (3). Stage I and II NSCLC are now subdivided into
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stage IA and IB and stages IIA and IIB. This distinction is predominantly based
upon the size of the primary tumor (greater than or less than 3 cm). Moreover,
T3N0 lesions were reclassified, and are no longer categorized as stage IIIA lesions.
These lesions have been downstaged into the stage IIB category. Based upon
the 1997 modification, stage IIIA NSCLC is comprised of T3N1 and T1-T3N2
lesions. The definition of stage IIIB NSCLC was not affected by the new 1997
revisions.

From a theoretical perspective, stage IIIA was intended to imply regionally
advanced yet potentially resectable disease. In contrast, stage IIIB was intended
to describe regionally advanced yet categorically unresectable disease. However,
the criteria for resectability have changed over the last decade, and these distinc-
tions are no longer absolute (4).

Stage IIIA disease appears to be associated with a better prognosis than stage
IIIB disease. For example, according to data presented when the ISS was intro-
duced, stage IIIA is associated with a median survival of 12 mo and a 5-yr survi-
val of 15%, while for stage IIIB the respective figures are 8 mo and less than 5%,
respectively.

2. RADIATION THERAPY IN STAGE III NSCLC

For many years, radiation therapy alone was considered “standard” therapy
for regionally advanced NSCLC. The problem was that radiation therapy had
very limited efficacy, at least in terms of contributing to long-term disease con-
trol. While radiation is an effective palliative measure to relieve symptoms, only
a very small minority of patients achieve long-term survival when treated with
radiation alone (5). Radiation alone, when utilized to treat stage III NSCLC, is
consistently associated with a median survival of less than 1-yr duration, and 5-
yr survival rates that range from 5–8% (6,7).

The Radiation Therapy Oncology Group (RTOG) demonstrated in protocol
73-01, a four-arm randomized trial, that a technique employing a continuous
course of radiation was superior to split-course technique. Moreover, a radiation
dose of 60 gy was superior to lower doses of either 50 gy or 40 gy (8). The 1-yr
and 3-yr survival reported with the 60-gy continuous technique (42% and 15%,
respectively) was superior to that of the other arms of the trial. However, at 5 yr,
survival in all four arms was approx 5%.

There has been little effort in the radiation literature to prospectively distin-
guish stage IIIA from stage IIIB among those treated with radiation alone. One
series from Fox Chase Cancer Center between 1978 and 1987 retrospectively
assigned a IIIA or IIIB designation in 306 patients treated with radiation alone
(9). However, the authors identified no significant differences among 166 IIIA
patients and 140 IIIB patients in median survival times (9.4 vs 9.8 mo) or 2-yr
survival rates (17% vs 18%). Accordingly, stratification of patients into stage
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Table 1
 International Staging System for Lung Cancer—Revised 1997

Primary Tumor (T)
T1 = TUMOR <3 CM DIAMETER WITHOUT INVASION MORE PROXIMAL

THAN LOBAR BRONCHUS
T2 = TUMOR >3 CM DIAMETER, OR

TUMOR OF ANY SIZE WITH ANY OF THE FOLLOWING:
INVADES VISCERAL PLEURA
ATELECTASIS OF LESS THAN ENTIRE LUNG
PROXIMAL EXTENT AT LEAST 2 CM FROM CARINA

T3 = TUMOR OF ANY SIZE WITH ANY OF FOLLOWING:
INVASION OF CHEST WALL
INVOLVEMENT OF DIAPHRAGM, MEDIASTINAL PLEURAL, OR

PERICARDIUM
ATELECTASIS INVOLVING ENTIRE LUNG
PROXIMAL EXTENT WITHIN 2 CM OF CARINA

T4 = TUMOR OF ANY SIZE WITH ANY OF FOLLOWING:
INVASION OF MEDIASTINUM
INVASION OF HEART OR GREAT VESSELS
INVASION OF TRACHEA OR ESOPHAGUS
INVASION OF VERTEBRAL BODY OR CARINA
PRESENCE OF MALIGNANT PLEURAL EFFUSION

Nodal Involvement (N)
N0 = NO REGIONAL-NODE INVOLVEMENT
N1 = METASTASIS TO IPSILATERAL HILAR NODES
N2 = METASTASIS TO IPSILATERAL MEDIASTINAL OR

SUBCARINAL NODES
N3 = METASTASIS TO CONTRALATERAL MEDIASTINAL OR

HILAR NODES, OR IPSILATERAL OR CONTRALATERAL
SUPRACLAVICULAR NODES

Metastases (M)
M0 = DISTANT METASTASES ABSENT
M1 = DISTANT METASTASES PRESENT

Stage Groupings of TNM Subsets
STAGE IA T1 N0 M0
STAGE IB T2 N0 M0
STAGE IIA T1 N1 M0
STAGE IIB T2 N1 MO

T3 N0 M0
STAGE IIIA T3 N1 M0

T1-3 N2 M0
STAGE IIIB ANY T N3 M0

T4 ANY N M0
STAGE IV ANY T ANY N M1

aBased on Mountain CF. Revisions in the international staging system for lung cancer. Chest
1997;111:1710–1717 (3).
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IIIA or IIIB categories has little clinical relevance when radiation therapy is used
as a single modality.

Local control remains a major problem when radiation therapy is employed
as a single modality. Schaake-Koning reported a 75% local failure rate at 3 yr,
even among patients with relatively small tumors treated with more than 65 gy
radiation (10).

Local control is not enhanced by increasing radiation dose with conventional
radiation techniques. On the other hand, two series have demonstrated a direct
relationship between the incidence of severe radiation pneumonitis and radiation
dosage (11,12).

The ineffectiveness of conventionally fractionated radiation in providing long-
term disease control for the vast majority of patients raises the question of
whether radiation therapy alone ever deserved its status as “standard” therapy for
regionally advanced NSCLC. Indeed, two randomized trials have suggested that
“immediate” radiation therapy delivered at the time of diagnosis provides little
if any prolongation of survival compared to “delayed” radiation (given when
symptoms supervene) (13,14).

There is some evidence that hyperfractionated radiation, employing multiple
daily fractions of radiation, may be superior to conventionally fractionated radi-
ation. The RTOG, in protocol 83–11, performed a five-arm randomized trial in
which 848 patients with stage III NSCLC were randomized to one of five differ-
ent hyperfractionated treatment arms employing 60.0 gy, 64.8 gy, 69.4 gy, 74.4
gy, or 79.2 gy radiation, respectively (15,16). A survival advantage was reported
for a retrospectively identified subgroup of “favorable” patients (defined as those
with Karnofsky performance status of 70–100% and with a less than 6% weight
loss). Such “favorable” patients assigned a dose of 69.4 gy had a median survival
of 13 mo, and a 2-yr survival of 29%, both figures being statistically significantly
better than at the lower-dose levels. There was no further advantage with the
higher-dose levels, and there was no survival advantage seen in those patients
who were not “favorable.”

3. SURGERY IN STAGE III NSCLC

Because the vast majority of patients with NSCLC who achieve long-term
survival undergo resection, surgery is believed to be the most effective modality
in NSCLC. In stage III NSSCLC, most patients with stage IIIA are technically
resectable, and certain subsets of those with stage IIIB NSCLC are also amenable
to resection.

Considerable data supports the conclusion that, from a surgical standpoint,
stage IIIA NSCLC should be stratified based on whether it is based on the pres-
ence of a T3 primary lesion or the presence of N2 regional adenopathy.
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T3N0 and T3N1 tumors are clearly biologically distinct from those associated
with N2 disease. The evidence that surgical resection plays a major role in the treat-
ment of stage IIIA disease is strongest with respect to these categories. Patients
with T3N0 tumors have a better prognosis than any other stage IIIA subgroup (17).

Patients with T3 tumors compose a heterogeneous group with varying prog-
noses, depending upon the basis for the T3 designation. Patients with T3 tumors
based on chest-wall involvement probably have the most favorable outlook with
surgical resection (18). Reports from the Mayo Clinic and from the Brigham and
Women’s Hospital indicate 5-yr survivals in excess of 50% for resected T3N0
chest-wall lesions (19,20).

Similarly, superior sulcus (Pancoast) tumors without regional node involvement
enjoy respectable long-term survival rates when surgical resection is employed
(21). In the series reported by Paulson, in which patients were treated with pre-
operative radiation followed by resection, 5-yr survival was 31% (22).

In contrast, results of surgical resection for tumors that invade the mediasti-
num are quite different. In a group of 225 such patients from Memorial-Sloan
Kettering Cancer Center (MSKCC) who underwent thoracotomy (23), median
survival was 12 mo, and 5-yr survival was 7%. However, patients with overt medi-
astinal invasion would be classified at having T4 primaries in the ISS.

The fact that patients with T3N0-1 primaries have a relatively favorable prog-
nosis compared to those with N2 disease when treated surgically led to the sug-
gestion that the original ISS stage groupings be modified. Green suggested in
1994 that T3N0 or T3N1 primaries should be placed into a new stage IIB clas-
sification (24). As indicated, in the 1997 modification of the ISS, T3N0 tumors
were reclassified as stage IIB, while T3N1 tumors remained as stage IIIA (3).

What is the effectiveness of surgical resection for those with N2 disease? Sev-
eral series demonstrate that 5-yr survival rates range from 15–29% among highly
selected groups of patients undergoing resection of N2 disease (17). A number
of factors that adversely affect survival in resected N2 disease have been identi-
fied. These factors include the presence of T3 tumors, nonsquamous histology,
the presence of high mediastinal nodes, or multiple involved N2 sites.

The largest study on the role of surgery in N2 disease comes from MSKCC (25).
Of 706 patients judged to have N2 disease by either clinical or pathologic criteria
(mediastinoscopy was not routinely performed), 404 underwent thoracotomy,
and 151 of these (37% of thoracotomy patients and 21% of all N2 patients) were
completely resectable. The bulk of mediastinal node involvement significantly
affected the likelihood of complete resection. Of 224 patients who were judged
by clinical criteria to have NO or N1 disease, but who were found to have other-
wise inapparent N2 disease encountered at thoracotomy, 119 (53%) were resec-
table. In contrast, 179 patients had obvious clinical N2 disease, and of these only
32 (18%) were resectable. Approx 90% of all resected patients also received
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postoperative radiation to the ipsilateral hilum and mediastinum (40–45 gy). The
overall 5-yr survival for the entire group of resected N2 patients was 30%. For
those who were clinically NO or N1, the 3-yr and 5-yr survivals were 47% and
34%, respectively. Again, in contrast, for those with clinically overt N2 disease,
3-yr and 5-yr survivals were each 9%. It should be noted that a 5-yr survival of
9% is not similar to that achievable with radiation alone.

A report from Toronto on the surgical treatment of 141 patients with stage IIIA
disease demonstrated that cervical mediastinoscopy is extremely useful in select-
ing patients for surgical resection (26). In contrast to the experience from Memorial-
Sloan Kettering Cancer Center, all patients in the Toronto report underwent
pre-operative cervical mediastinoscopy in order to surgically stage the mediasti-
num. In 62 patients, mediastinoscopy was negative, but mediastinal node involve-
ment was found at the time of resection. The actuarial 5-yr survival in this group
was 24%. In contrast, among 79 patients, mediastinoscopy was positive. In this
group, 67 patients underwent resection, but 5-yr survival was only 9%.

A recent multicenter trial from France demonstrated that patients with N2
nodal involvement represent a heterogeneous group of patients (27). Among 702
patients who underwent resection of N2 disease, patients were subdivided into
those with clinical N2 disease and those with minimal N2 disease that was not
detected at preoperative CT scan. Multivariate Cox regression identified four
adverse prognostic features. These were the presence of clinical N2 disease,
involvement of multiple lymph-node levels, the presence of a T3 or T4 primary
tumor, and the absence of preoperative chemotherapy. The 5-yr survival for those
with minimal N2 disease at only one level was 34%, compared to 11% for those
with minimal disease at multiple nodal levels. Indeed, for patients with minimal
N2 disease, the prognosis appears to be quite similar to those with stage IIB NSCLC
who undergo resection. For those with clinically overt N2 disease, 5-yr survival
was 8% if there was a single involved nodal site, and 3% if multiple nodal levels
were present.

Accordingly, the data supports the conclusion that the ability to achieve surgi-
cal resection is quite high in certain subsets of patients with N2 disease. Moreover,
long-term survival is achieved in some patients who undergo surgical resection.

On the other hand, the ability of surgical resection to provide long-term dis-
ease control is very limited, particularly among those with clinically overt N2
disease. Indeed, it is unclear whether surgical resection is more effective than radi-
ation therapy alone (or even supportive care) among those with clinically detect-
able N2 disease (5,27).

4. COMBINED SURGERY AND RADIATION IN STAGE III NSCLC

The rationale for combining radiation and surgery is to improve local-regional
control. In theory, an improvement in local control could lead to an advantage
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in overall survival, although such has not been the case in most adult solid tumors.
Studies have been carried out that utilize either pre-operative or postoperative
radiation therapy in patients with regionally advanced NSCLC.

Two large randomized trials comparing preoperative radiation therapy fol-
lowed by surgery to surgery alone were conducted in the 1960s and 1970s. The
first was the Veterans Administration Study, in which patients were randomized
either to preoperative radiation at 40–50 gy or immediate surgery (28). The second
was a study conducted by the National Cancer Institute (NCI), in which patients
were randomized to pre-operative radiation with a minimum of 40 gy or to sur-
gery alone (29) . Both trials failed to demonstrate any benefit for pre-operative
radiation, either in terms of decreased mortality or recurrence. The problem, how-
ever, is that modern radiographic and surgical staging were not employed in either
study. Moreover, patients with small-cell lung cancer (SCLC) were included in
both trials.

Sherman reported the results of a phase II trial of pre-operative radiation fol-
lowed by surgical resection in stage III NSCLC (30). Fifty-three patients received
30 to 40 gy preoperative radiation, followed by resection and postoperative
radiation. Forty-six patients underwent thoracotomy, and 38 were resectable.
The 5-yr survival rate was 18% for the entire cohort of 53 patients, and 27% for
38 patients who underwent successful resection.

The role of postoperative radiation was definitively evaluated by the Lung
Cancer Study Group, in LCSG protocol 773, described previously (31). Patients
with completely resected stage II or III squamous-cell carcinoma (SCC) were
randomized to receive 50 gy postoperative radiation or no further therapy. About
one-third of the patients had stage III NSCLC. As previously pointed out, post-
operative radiation significantly reduced the incidence of local-regional recur-
rences to the ipsilateral lung and mediastinum from 41% to 3%. However, this
did not translate into a survival advantage, but shifted recurrence patterns from
predominantly local-regional to predominantly distant.

5. INDUCTION CHEMOTHERAPY
AND RADIATION VS RADIATION ALONE IN STAGE III NSCLC

 The role of induction chemotherapy combined with thoracic radiation has
been extensively investigated in stage III NSCLC. While most reports have been
of single-arm phase II studies, a number of phase III studies have also appeared
in the literature. Indeed, it can be argued that the role of induction chemotherapy
is better supported by randomized studies in NSCLC than for any other adult
solid tumor.

A number of theoretical advantages for the use of induction chemotherapy
have been well-described in the literature (32). These include stage reduction to
facilitate improved local control by radiation and/or surgery. The response rates
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to identical chemotherapy regimens appear to be higher when utilized for stage
III than for stage IV disease. Micrometastases are addressed early in the course
of treatment.

The question is whether there are sufficient data to indicate that multimodality
therapy should be utilized as the standard of care among high-risk individuals.

The first randomized trial that suggested that a benefit exists was reported by
the Cancer and Leukemia Group B (CALGB) (33,34). Eligibility for this trial,
known as CALGB 84-33, was limited to patients with prognostically favorable
pretreatment characteristics, including favorable performance status (Eastern
Cooperative Oncology Group [ECOG] PS of 0 or 1) and minimal weight loss
(<5% of body wt in the preceding 3 mo). Patients were randomized to receive 60
gy radiation in 6 wk or 2 cycles of induction chemotherapy with cisplatin and
vinblastine, followed by an identical radiation treatment.

A total of 78 patients were randomized to chemoradiation, while 77 were ran-
domized to radiation alone. The objective response rate was 56% to combined
treatment and 43% to radiation alone (p = 0.092). The group randomized to
induction chemotherapy achieved a significant improvement in median survival
(13.7 vs 9.6 mo, p = 0.012), as well as in the proportion of patients surviving 1,
2, 3, 5, and 7 yr (54%, 26%, 24%, 17%, and 13% vs 40%, 13%, 10%, 6%, and
6%, respectively).

The Radiation Therapy Oncology Group (RTOG) and ECOG conducted a
confirmatory three-arm trial involving 452 eligible patients who were random-
ized to the same two treatment arms employed in CALGB 84–33, as well as a
third arm that included hyperfractionation radiation to a total dose of 69.6 gy
(35). The hyperfractionation arm had been demonstrated to produce a survival
advantage for favorable patients in RTOG protocol 83–11 (15). Preliminary results
of the confirmatory trial indicate that 1-yr and median survival was superior in
the group randomized to receive induction chemotherapy compared to the other
two groups (p = 0.03). The 1-yr and median survival for the three groups are as
follows: induction chemotherapy and radiation therapy (RT): 60% and 13.8 mo;
hyperfractionation: RT 51% and 12.3 mo; and standard RT: 46% and 11.4 mo.

A meta-analyses has appeared, with 14 randomized trials comparing chemo-
therapy and radiation to radiation alone in regionally advanced stage III NSCLC
(36). A total of 2,589 patients participated in these trials. Overall, the meta-anal-
ysis revealed that the use of combination chemotherapy and radiation reduced
the risk of death by 12% at 1 yr, 13% at 2 yr, and 17% at 3 yr. This corresponds
to a mean gain in life expectancy of approx 2 mo. The magnitude of benefit was
similar regardless of whether sequential or concurrent chemotherapy and radia-
tion were utilized.

Despite encouraging results from combined chemoradiation, many important
questions have been incompletely answered. The optimal induction chemother-
apy regimen has not been established. The optimal sequence of chemotherapy
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and radiation remains unknown. The role of hyperfractionation radiation has
not been definitively established. In the last several years, many studies have
employed newer chemotherapeutic agents, which have been reported to have
considerable activity in NSCLC. Such agents include the taxanes, such as pacli-
taxel (Taxol) and docetaxel (Taxotere), as well as gemcitabine (Gemzar), vinorel-
bine (Navelbine), and irinotecan (Camptosar). Current investigation has also
focused on radiation-dose intensity, often in combination with newer chemother-
apeutic agents with concurrent or sequential radiation therapy (37).

Nonetheless, at the present time, the vast majority of patients continue to recur
and eventually succumb to metastatic NSCLC, despite the use of chemoradiation.
Local-regional recurrence has remained a major impediment to cure. In CALGB
84–33, the group treated with chemoradiation had an 80% incidence of local-
regional failure, while 90% of those randomized to radiation therapy alone failed
local-regionally. Green has emphasized that patterns of failure, despite induc-
tion chemotherapy and radiation, mandate better control of both macroscopic
intrathoracic disease and distant micrometastatic disease in the setting of region-
ally advanced NSCLC (38).

6. PHASE II TRIALS OF INDUCTION
CHEMOTHERAPY, RADIATION, AND SURGERY

A very large number of phase II trials of trimodality therapy consisting of che-
motherapy, radiation, and surgery in regionally advanced stage III NSCLC have
been conducted. The design of these trials vary with respect to many factors.
Variability depends on whether there has been surgical staging of the mediasti-
num, whether radiation was delivered sequentially or concurrently with chemo-
therapy, the specific agents and dosages utilized, radiation dosage schedules, and
definitions of resectable disease. Such inconsistencies have led to considerable
difficulties in the interpretation of these trials.

Table 2 lists twelve phase II trials of induction chemotherapy and surgery with
or without radiation in stage IIIA NSCLC (39–50). In two of these trials, patients
with stage IIIB disease were also eligible to participate (39,50). Each of the trials
listed utilized a cisplatin-based combination chemotherapy regimen. Eight of
the trials used pre-operative radiation and of these, concurrent chemoradiation
was used in seven, while one employed sequential chemotherapy and radiation.
Moreover, two trials employed only postoperative radiation, and two did not
utilize radiation therapy at all.

Overall, response rates to induction therapy were quite impressive, varying
from 39%–77%. Resectability rates exceeded 50% in each of these trials. The
highest resectability rate (93%) was noted in a trial that utilized hyperfraction-
ated radiation concurrently with induction chemotherapy (44). Many trials report
pathologic complete response rates in the range of 10–20% following induction
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therapy. Median survival and long-term survival rates varied significantly among
the trials, but it is clear that a minority of patients enjoyed long-term survival and
possible cure. Moreover, two multi-institutional trials showed that patients found
to have negative N2 nodes at the time of resection had a significantly better sur-
vival rate than those with persistent N2 positive disease at resection (43,50).

None of these trials were designed to evaluate the therapeutic role of surgery
in the context of regionally advanced disease, but the addition of surgery to the
local-regional treatment regimen almost certainly appears to have accomplished
an improvement in local control. Local recurrence has generally been observed
in less than 50% of patients who undergo trimodality therapy. This contrasts with
an 80–90% rate of persistent or recurrent local-regional disease among those
who are not resected (8,33,51,52).

Accordingly, these phase II trials employing chemotherapy, radiation, and sur-
gery demonstrate a shift in recurrence patterns from both local and distant to
predominantly distant. Furthermore, improved local control rates may result in sig-
nificant overall survival gains, as has been demonstrated by several reports (52,53).

The recent French multicenter trial, which has been previously discussed, dem-
onstrated that patients with clinically overt N2 disease had a significant survival
advantage when induction chemotherapy was delivered (27). Among patients with
clinically overt N2 disease, 5-yr survival was 18% if induction chemotherapy
was administered, compared to 5% if chemotherapy was not given. A similar advan-
tage could not be demonstrated for those with minimal N2 disease.

7. PHASE III TRIALS
OF INDUCTION CHEMOTHERAPY AND SURGERY

Reports of small randomized trials comparing induction chemotherapy fol-
lowed by surgical resection to resection without systemic treatment have been
influential in modifying the perception of the role of chemotherapy in the man-
agement of regionally advanced NSCLC.

A study from Barcelona, Spain randomized patients to an induction chemo-
therapy regimen of cisplatin, mitomycin C, and ifosfamide followed by resection
and postoperative radiation therapy (50 gy), compared to resection and the same
postoperative radiation therapy. There was a dramatic threefold survival advan-
tage for those randomized to receive induction chemotherapy (54). In the group
randomized to chemotherapy, median survival was 26 mo, while in the surgery
plus RT group, it was (a lower than expected) 8 mo (p < 0.001).

In a similar trial conducted at MD Anderson, patients were randomized to
receive induction chemotherapy consisting of three cycles of cyclophospha-
mide, etoposide, and cisplatin followed by resection, or surgical resection alone
(55). Notably, radiation therapy was given to over 50% of patients in both arms.
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The group that received chemotherapy achieved an estimated median survival
that was almost sixfold greater than that of patients randomized to surgery alone
(64 mo compared to 11 mo, p < 0.008). Similarly, 3-yr survival was 56% for the
induction chemotherapy group, compared to 15% for the surgery alone group.

An earlier randomized trial from NCI received much less attention than the
other two trials (56). In this trial, the experimental group was treated with induc-
tion cisplatin and etoposide chemotherapy, followed by resection and postopera-
tive chemotherapy. The control group underwent immediate surgical resection
and postoperative radiation therapy (54–60 gy). Patients treated with induction
chemotherapy had a superior survival, but the difference was not statistically
significant (28.7 vs 15.6 mo, respectively).

A fourth randomized trial was conducted by the CALGB (57). The experi-
mental arm of this study consisted of induction chemotherapy with cisplatin and
etoposide for two cycles followed by resection, two additional cycles of chemo-
therapy, and subsequent radiation therapy (54 or 60 gy). The control arm con-
sisted of pre-operative radiation therapy (40 gy), resection, and postoperative
radiation therapy (to a total dose of 54 or 60 gy). Preliminary results showed that
the median overall survival was 19 mo for the group undergoing induction che-
motherapy, compared to 23 mo for the group receiving preoperative radiation.
While the trend toward reduced survival in the group receiving induction che-
motherapy was not statistically significant, the results of CALGB 9134 conflict
with the results of the other three randomized trials that suggest a dramatic bene-
fit with the use of induction chemotherapy.

Although three of the four randomized trials did show a survival benefit with
the use of induction chemotherapy (including two in which the differences were
statistically significant), these studies have significant limitations, which raise
important questions as to whether induction chemotherapy has been proven to
be beneficial. One major problem relates to the fact that each of the trials enrolled
small numbers of patients (Barcelona: 60 patients; MD Anderson: 60; NCI: 27;
CALGB: 57).

The Barcelona and MD Anderson trials were discontinued before the pro-
jected accrual goal was reached because of early stopping rules. The highly pub-
licized beneficial effects observed in the Barcelona and MD Anderson trials were
very likely to have been responsible for difficulty in accruing to CALGB 9134.
This, in turn, led to its premature closure.

Furthermore, the absolute magnitude of the survival differences seen in the MD
Anderson and Barcelona trials were far greater than could be reasonably expected
from the modestly effective chemotherapy regimens employed. These extreme
results should raise caution. A plausible explanation for the magnitude of the
differences seen in these studies is that, despite the process of randomization,
there may have been an imbalance of prognostic factors between the arms. In the



208           Strauss

Barcelona study, it was demonstrated that the group of patients randomized to
surgery alone included a higher fraction of tumors with the more virulent charac-
teristics of K-ras mutations (42% vs 15%) and DNA aneuploidy (70% vs 29%)
(54). Hence, it is possible that an excess of biologically virulent tumors in the
group randomized to surgery alone in the Barcelona study is responsible for the
observed outcome differences rather than a beneficial effect of the induction che-
motherapy per se. While there is no direct evidence for a similar imbalance in the
MD Anderson trial, prognostically important molecular markers were not con-
sidered in this study. Possibly, an imbalance of some unmeasured prognostic var-
iable may have contributed to the magnitude of the differences seen in this trial.

Moreover, late reports for both the MD Anderson and Barcelona studies con-
firm that the early reports were far too encouraging. Roth reported follow-up of
the MD Anderson study, with 82 mo of median follow-up (58). In the combined
chemotherapy and surgery arm, 32% (9 of 28) of patients remained alive. The
median survival for those randomized to multimodality treatment was now only
21 mo. For those randomized to surgery alone, 16% (5 of 32) remained alive, and
median follow-up was 14 mo. This group reported a statistically significant sur-
vival advantage for those randomized to combined chemotherapy and surgery
group (p = 0.056 by the log rank test). They also reported that the survival advan-
tage was limited to resected patients. Accordingly, the authors conclude that “the
persistent survival difference between the perioperative chemotherapy group and
the surgery alone group support our original conclusion that patients with resecta-
ble stage III NSCLC should no longer be treated with surgery alone.”

Similarly, Rosell reported long-term results of the Barcelona trial (59). Among
those randomized to induction chemotherapy, median survival was 22 mo (95%
CI, 13.4 30.6), while for those randomized to surgery alone, median survival was
10 mo (p = 0.005 by the log rank test). Accordingly, the results of the Barcelona
study appear to mirror the long-term survival results observed in the MD Ander-
son study.

While the duration of long-term survival may indeed be longer for those treated
with induction chemotherapy and surgery compared to those treated with sur-
gery alone, the most important question is whether multimodality approaches lead
to an increase in the proportion of patients who achieve a curative outcome. This
is best reflected by comparing the proportion of those who achieve long-term
survival in experimental and control populations.

Indeed, if one carries out such a comparison, it is unclear whether cure rate
is improved in either the MD Anderson or Barcelona trials. In the MD Ander-
son trial, long-term survival was achieved in 9 of 28 patients in the combined
arm compared to 5 of 32 in the surgery-alone arm (32% vs 16%). A simple com-
parison of proportions indicates no significant difference in the proportion of
patients who achieve a curative outcome (p = 0.22; Fisher exact test). Similarly,
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in the Barcelona study, the proportion of patients who achieve long-term sur-
vival in the combined arm was 4 of 30, compared to 0 of 30 in the surgery-alone
arm (13% vs 0%). These proportions were also not significantly different in the
chemotherapy and control groups (p = 0.11).

Accordingly, the data appear to indicate that the average duration of survival
is improved by induction chemotherapy, so the proportion who achieve cure
remains the same—at least from a statistical sense. On the other hand, the power
of these studies to show a significant difference is very limited, because of small
sample size. Nonetheless, the early results from both studies were misleading, and
the magnitude of benefit was much more modest than early reports suggested.

8. DISCUSSION

Despite the serious limitations of our existing database, particularly with regard
to randomized trials of induction chemotherapy and surgery, there is reasonably
strong evidence that patients with stage IIIA NSCLC derive some survival bene-
fit from induction chemotherapy (with or without radiation therapy) followed by
resection. Nonetheless, it is also clear that the magnitude of survival advantages
provided in induction chemotherapy was overestimated by early reporting of
small, underpowered randomized trials. However, numerous phase II trimodality
studies appear also to support this conclusion, although with a modest degree of
efficacy. Moreover, results for induction chemotherapy with surgery are consis-
tent with numerous phase III studies that have demonstrated that induction chemo-
therapy with definitive radiation improves outcome when compared to thoracic
radiation therapy alone.

Whether induction chemotherapy deserves to be standard therapy remains highly
debatable. Nonetheless, there is a clear suggestion of benefit, and additional ran-
domized clinical trials evaluating this approach will likely be difficult to imple-
ment. There appears to be mounting evidence that concurrent chemotherapy and
radiation has advantages compared to sequential use of these modalities (37,60).

The role of resection in stage IIIA disease remains unproven, but local control
appears improved in multimodality programs that include resection, and patients
found to have negative N2 nodes at resection do quite well. A phase III trial
designed to evaluate the efficacy of surgical resection in the context of induction
chemoradiation in stage IIIA NSCLC is currently underway, composed of sev-
eral cooperative groups under the leadership of the Southwest Oncology Group
(SWOG). Conventional radiation treatment approaches are probably not optimal.

Recent results of phase II and phase III trials do provide a basis for hope that
real therapeutic progress is finally being achieved in regionally advanced NSCLC.
Further study of therapeutic strategies that incorporate aggressive systemic treat-
ment and maximal local-regional therapy in stage IIIA NSCLC is clearly war-
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ranted. The role of newer combination chemotherapy regimens that do not include
cisplatin require further definition. Given the predilection for distant failure in
regionally advanced NSCLC, it certainly seems reasonable—particularly in the
context of many studies suggesting a role for induction therapy—to incorporate
both systemic and local-regional modalities in the management of patients with
regionally advanced stage III NSCLC.

REFERENCES

1. American Joint Committee on Cancer, Task Force on Lung Staging of Lung Cancer. American
Joint Committee on Cancer. 1979, Chicago.

2. Mountain CF. A new international staging system for lung cancer. Chest 1986;89:225S–233S.
3. Mountain CF. Revisions in the international system for staging lung cancer. Chest 1997;111:

1710–1717.
4. Sugarbaker DJ, Strauss GM. Advances in surgical staging and therapy of non-small cell lung

cancer. Semin Oncol 1993;20:163–172.
5. Strauss GM, Langer MP, Elias AD, Skarin AT, Sugarbaker DJ. Multi-modality treatment of

stage IIIA non-small cell carcinoma of the lung: a critical review of the literature and strategies
for future research. J Clin Oncol 1992;10:829–838.

6. Hilaris BS, Nori D. The role of external radiation and brachytherapy in unresectable non-small
cell lung cancer. Surg Clin N Am 1987;67:1061–1071.

7. Perez CA, Stanley K, Grundy G. Impact of irradiation technique and tumor extent in tumor
control and survival of patients with unresectable non-oat cell carcinoma of the lung: report
by the Radiation Therapy Oncology Group. Cancer 1982;50:1091–1099.

8. Perez CA, Bauer M, Edelstein S, et al. Impact of tumor control on survival in carcinoma of
the lung treated with irradiation. Int J Radiat Oncol Biol Phys 1986;12:539–547.

9. Curran W, Staford P. Lack of apparent difference in outcome between clinically staged IIIA
and IIIB non-small cell lung cancer treated with radiation therapy. J Clin Oncol 1990;8:409–
415.

10. Schaake-Koning C, Schuster-Uitterhoeve L, Hart G, et al. Prognostic factors of inoperable
localized lung cancer treated by high dose radiotherapy. Int J Radiat Oncol Biol Phys 1983;9:
1023–1028.

11. Perez C, Pajak T, Rubin P, et al. Long term observations of the patterns of failure in patients
with unresectable non-oat cell carcinoma of the lung treated with definitive radiotherapy:
report by the Radiation Therapy Oncology Group. Cancer 1987;59:1874–1881.

12. Choi N, Doucette J. Improved survival of patients with unresectable non-small cell broncho-
genic carcinoma by an innovated high dose en-bloc radiotherapeutic approach. Cancer 1981;
48:101–109.

13. Roswit B, Patno ME, Rapp R, et al. The survival of patients with inoperable lung cancer: a large
scale randomized study of radiation therapy versus placebo. Radiology 1968;90:688–697.

14. Johnson DH, Einhorn LH, Bartolucci A, et al. Thoracic radiotherapy does not prolong sur-
vival in patients with locally advanced, unresectable non-small cell lung cancer. Ann Intern
Med 1990;113:33–38.

15. Cox JD, Azarnia N, Byhardt RW, et al. A randomized phase I-II trial of hyperfractionated
radiation therapy with total doses of 60.0 Gy to 79.2 Gy: possible survival benefit with >69.6
Gy in favorable patients with radiation therapy oncology group stage III non-small cell lung
carcinoma: report of radiation therapy oncology group 83-11. J Clin Oncol 1990;8:1543–1555.

16. Cox JD, Azarnia N, Byhardt RW, et al. N2 (clinical) non-small cell carcinoma of the lung:
prospective trials of radiation therapy with total doses 60 Gy by the radiation therapy oncology
group. Int J Radiat Oncol Biol Phys 1991;20:7–12.



Chapter 8 / Regionally Advanced NSCLC 211

17. Ginsberg RJ, Goldberg M, Waters PF. Surgery for non-small cell lung cancer. In: Roth J,
Ruckdeschel J, Weisenburger J, eds. Thoracic Oncology. WB Saunders Company, Philadel-
phia, PA, 1989, pp. 177–199.

18. Pairolero P, Trastek V, Payne W. Treatment of bronchogenic carcinoma with chest wall inva-
sion. Surg Clin N Am 1987;67:959–964.

19. Piehler J, Pairolero P, Weiland L, et al. Bronchogenic carcinoma with chest wall invasion.
Factors affecting survival following en bloc resection. Ann Thorac Surg 1982;34:684–691.

20. Sleckman B, Harpole D, Strauss G, Sugarbaker D. Multimodality therapy for chest wall inva-
sive lung cancer. In: Proceedings of the 47th Annual Cancer Symposium, Society of Surgical
Oncology, 1994, p. 35.

21. Grover F, Komaki R. Superior sulcus tumors. In: Roth J, Ruckdeschel J, Weisenburger J, eds.
Thoracic Oncology. WB Saunders Company, Philadelphia, PA, 1989, pp. 263–279.

22. Paulson D. Carcinomas of the superior sulcus. J Thorac Cardiovasc Surg 1975;70:1095–
1104.

23. Burt M, Pomerantz A, Bains M, et al. Results of surgical treatment of stage III lung cancer
invading the mediastinum. Surg Clin N Am 1987;67:987–999.

24. Green MR, Lillenbaum RC. Stage IIIA category of non-small cell lung cancer: a new proposal.
J Natl Cancer Inst 1994;86:586–588.

25. Martini N, Flehinger BJ. The role of surgery in N2 lung cancer. Surg Clin N Am 1987;67:1037–
1049.

26. Pearson F, Delarue N, Ives R, et al. Significance of positive superior mediastinal nodes iden-
tified at mediastinoscopy in patients with resectable cancer of the lung. J Thorac Cardiovasc
Surg 1982;83:1–11.

27. Andre F, Grunenwald D, Pignon JP, et al. Survival of patient with resected N2 non-small cell
lung cancer: evidence for a subclassification and implications. J Clin Oncol 2000;18:2981–2989.

28. Shields TW. Preoperative radiation therapy in the treatment of bronchial carcinoma. Cancer
1972;30:1388–1393.

29. Collaborative study, preoperative irradiation of cancer of the lung: final report of a therapeutic
trial. Cancer 1975;3:914–925.

30. Sherman DM, Neptune W, Weishselbaum R, et al. An aggressive approach to marginally
resectable lung cancer. Cancer 1978;41: 2040–2045.

31. Lung Cancer Study Group. Effects of postoperative mediastinal radiation on completely
resected stage II and stage III epidermoid cancer of the lung. N Engl J Med 1986;315:1377–1381.

32. Green MR. Multimodality therapy for solid tumors. N Engl J Med 1994;330:206–207.
33. Dillman RO, Seagren S, Propert K, et al. A randomized trial of induction chemotherapy plus

high-dose radiation versus radiation alone in stage III non-small cell lung cancer. N Engl J
Med 1990;323:940–945.

34. Dillman RO, Herndon J, Seagren SL, Eaton WL, Green MR. Improved survival in stage III
non-small cell lung cancer: seven-year followup of Cancer and Leukemia Group B (CALGB)
8433 trial. J Natl Cancer Inst 1996;88:1210–1215.

35. Sause W, Scott C, Taylor S, et al. Radiation Therapy Oncology Group (RTOG) 88-08 and
Eastern Cooperative Oncology Group (ECOG) 4588: preliminary results of a phase III trial
in regionally advanced, unresectable non-small cell lung cancer. J Natl Cancer Inst 1995;87(3):
198–205.

36. Pritchard RS, Anthony SP. Chemotherapy plus radiotherapy compared with radiotherapy alone
in the treatment of locally advanced, unresectable, non-small cell lung cancer. Ann Intern Med
1996;125: 723–729.

37. Gordon GS, Vokes EE. Chemoradiation for locally advanced, unresectable NSCLC. New
standard of care, emerging strategies. Oncology 1999;13:1075–1088.

38. Green MR. Multimodality therapy in unresected stage III non-small cell lung cancer: the
American Cooperative Groups’ experience. Lung Cancer 1995;12(Suppl 1):S87–S94.



212           Strauss

39. Skarin A, Jochelson M, Sheldon T, et al. Neoadjuvant chemotherapy in marginally resectable
stage III M0 non-small cell lung cancer: long-term follow-up in 41 patients. J Surg Oncol
1989;40:266–274.

40. Elias AD, Skarin AT, Gonin P, et al. Neoadjuvant treatment of stage IIIA non-small cell lung
cancer: long-term results. Am J Clin Oncol 1994;17:26–36.

41. Elias AD, Skarin AT, Leong T, et al. Neoadjuvant therapy for surgically staged IIIA N2 non-
small cell lung cancer (NSCLC). Lung Cancer 1997;17:147–161.

42. Strauss GM, Herndon JE, Sherman DD, et al. Neoadjuvant chemotherapy and radiotherapy
followed by surgery in stage IIIA non-small cell carcinoma of the lung: report of a Cancer and
Leukemia Group B phase II study. J Clin Oncol 1992;10:1237–1244.

43. Sugarbaker DJ, Herndon J, Kohman LJ, Krasna MJ, Green MR. Results of Cancer and Leu-
kemia Group B Protocol 8935: a multiinstitutional phase II trimodality trial for stage IIIA (N2)
non-small cell lung cancer. J Thorac Cardiovasc Surg 1995;109:473–485.

44. Choi NC, Carey RW, Daly W, et al. Potential impact on survival of improved tumor down-
staging and resection rate by preoperative twice-daily radiation and concurrent chemotherapy
in stage IIIA non-small cell lung cancer. J Clin Oncol 1997;15:712–722.

45. Martini N, Kris M, Flehinger B, et al. Preoperative chemotherapy for stage IIIa (N2) lung
cancer: the Sloan-Kettering experience with 136 patients. Ann Thorac Surg 1993;55:1365–1374.

46. Burkes RL, Ginsberg RJ, Sheperd FA, et al. Induction chemotherapy with mitomycin, vindesin,
and cisplatin for stage III unresectable non-small cell lung cancer: results of a Toronto phase
II trial. J Clin Oncol 1992;10:580–586.

47. Weitberg AB, Yashar J, Glicksman AS, et al. Combined modality therapy for stage IIIA non-
small cell lung cancer. Eur J Cancer 1993;44:511–515.

48. Reddy S, Lee MS, Bonomi P, et al. Combined modality therapy for stage III non-small cell
lung cancer: results of treaments and patterns of failure. Int J Radiat Oncol Biol Phys 1992;24:
17–32.

49. Weiden P, Piantadosi S. Lung Cancer Study Group, Peoperative chemotherapy {cisplatin and
flourouracil} and radiation therapy in stage III non-small cell lung cancer: a phase II study of
the lung cancer study group. J Natl Cancer Inst 1991;83:266–272.

50. Albain KS, Rusch VW, Crowley JJ, et al. Concurrent cisplatin/etoposide plus chest radio-
therapy followed by surgery for stages IIIA (N2) and IIIB non-small cell lung cancer: mature
results of Southwest Oncology Group Phase II Study 8805. J Clin Oncol 1995;13:1880–1892.

51. Le Chevalier T, Arriagada R, Quoix E, et al. Radiotherapy alone versus combined chemother-
apy and radiotherapy in nonresectable non-small-cell lung cancer: first analysis of a random-
ized trial in 353 patients. J Natl Cancer Inst 1991;83:417–423.

52. Schaake-Koning C, Van Den Bogaert W, Dalesio O, et al. Effects of concomitant cisplatin and
radiotherapy on inoperable non-small cell lung cancer. N Engl J Med 1992;326:524–530.

53. Jeremic B, Shibamoto Y, Acimovic L, Djuric L. Randomized trial of hyperfractionated radia-
tion therapy with or without concurrent chemotherapy for Stage III non-small cell lung cancer.
J Clin Oncol 1995;13:452–458.

54. Rosell R, Gomez-Codina J, Camps C, et al. A randomized trial comparing preoperative che-
motherapy plus surgery with surgery alone in patients with non-small cell lung cancer. N Engl
J Med 1994;330:153–158.

55. Roth JA, Fossella F, Komaki R, et al. A randomized trial comparing perioperative chemother-
apy and surgery with surgery alone in resectable stage IIIA non-small cell lung cancer. J Natl
Cancer Inst 1994;86:673–680.

56. Pass HI, Pogrebnick HW, Steinberg SM, Mulshine J, Minna J. Randomized trial of neoadju-
vant therapy for lung cancer: interim analysis. Ann Thorac Surg 1992;53:992–998.

57. Elias AD, Herndon J, Kumar P, Sugarbaker D, Green MR. A phase III comparison of “best
local-regional therapy” with or without chemotherapy for stage IIIA T1-3N2 non-small cell
lung cancer (NSCLC): preliminary results. Proceedings ASCO 1997;16:448a (Abstract 1611).



Chapter 8 / Regionally Advanced NSCLC 213

58. Roth JA, Atkinson EN, Fossella F, et al. Long-term follow-up of patients enrolled in a ran-
domized trial comparing perioperative chemotherapy and surgery with surgery alone in resec-
table stage IIIA non-small-cell lung cancer. Lung Cancer 1998;21:1–8.

59. Rosell R, Gomez-Codina J, Camps C, et al. Preresectional chemotherapy in stage IIIA non-
small-cell lung cancer: a 7-year assessment of a randomized controlled trial. Lung Cancer
1999;26:7–14.

60. Strauss GM, Baldini EH, eds. Multimodality therapy for stage IIIA and stage IIIB non-small
cell carcinoma of the lung. In: Skarin A, ed. Multimodality Treatment of Lung Cancer. Marcel
Dekker, Inc, New York, NY, 2000, pp. 207–224.



215

From: Current Clinical Oncology: Cancer of the Lung
Edited by: A. B. Weitberg © Humana Press Inc., Totowa, NJ

Treatment of Stage IV
Non-Small-Cell Lung Cancer

9

Philip Bonomi, MD and Lucio DiNunno, MD

CONTENTS

INTRODUCTION

HISTORICAL PERSPECTIVE

SUMMARY AND FUTURE DIRECTIONS

REFERENCES

1. INTRODUCTION

Lung cancer continues to be a major health problem in the United States and
throughout the world. It is the leading cause of cancer deaths in both men and
women in the United States (1). The majority of lung-cancer patients (84%) will
have non-small-cell histology (2) which primarily consists of adenocarcinoma,
squamous-cell carcinoma (SCC), and large-cell carcinoma (LCC). Unfortuna-
tely, there is no effective screening procedure for this disease, and the majority
of patients (70%) present with disease that is too advanced to consider curative
surgical treatment (3). With an overall cure rate of 14%, more than 80% of non-
small-cell lung cancer (NSCLC) patients are potential candidates for systemic
therapy (1).

Fortunately, the incidence and death rate from lung cancer decreased by 1%
during the 5-yr period from 1990 to 1995. The major reason for this observation
is related to the fact there has been a significant decrease in smoking among adult
American males. Unfortunately, a similar decrease has not been observed in
American women. Even more distressing is the fact that there has been a signifi-
cant increase in the incidence of smoking among American teenagers (4). Based
on the recent smoking trends among American teenagers, it seems likely that
there will be a subsequent increase in the incidence of lung cancer, and there will
be a continuing need to identify more effective systemic therapy.
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Many clinical trials testing systemic therapy in stage IV NSCLC have been
conducted during the last two decades. In this chapter, the results of studies con-
ducted during the 1980s and the general principles identified are reviewed. In addi-
tion, the results of the period of “drug discovery” in the late 1980s and early 1990s
and the subsequent randomized trials involving the newer drugs are discussed.

2. HISTORICAL PERSPECTIVE

During the 1980s, a variety of potentially promising multi-drug regimens were
identified in phase II trials. Each of the popular regimens was evaluated in phase
III trials conducted by cooperative groups (5,6). Invariably, the high response rates
observed in the initial studies were not confirmed. Although none of the regi-
mens emerged as clearly superior with respect to survival, multivariate analysis
performed on 2500 patients treated in Southwest Oncology Group (SWOG) trials
found that patients treated with cisplatin regimens survived significantly longer
than patients who received noncisplatin regimens (7). The results observed with cis-
platin containing combination regimens may be summarized as follows: response
rates were approx 25%, the median survival duration was 6 mo, and the 1-yr sur-
vival rate was 20% (7,8). During the 1980s, there was considerable controversy
regarding the question of whether chemotherapy resulted in prolonged survival
in stage IV disease. A number of randomized trials comparing best supportive
care to chemotherapy were conducted during this period (9–12). Only one small
trial comparing supportive care to chemotherapy was conducted in the United
States (12). The remaining trials were conducted in Canada (9), Europe (11), and
Australia (10). Conflicting results were observed in these studies, some showing
a significant survival advantage for patients treated with chemotherapy (9), while
others showed no apparent improvement in survival (10–12). Meta-analyses
reported in the 1990s indicated that chemotherapy has a modest effect on survi-
val in stage IV NSCLC patients (13,14). The results of these meta-analyses have
shown that treatment with chemotherapy improves median survival by approx
6 wk, and it increases the 1-yr survival rate by 10% (13,14). A more recent, rela-
tively large phase III trial comparing an older cisplatin combination regimen to
supportive care (15) has shown results virtually identical to the meta-analyses.

Another issue during the 1980s revolved around the dose of cisplatin. A small
randomized trial in which patients were randomized to the same dose and sched-
ule of vindesine combined with cisplatin given at doses –60 mg/m2 vs 120 mg/
m2 showed significantly longer survival in responding patients who received the
higher dose of cisplatin (16). However, the overall survival for the two treatment
groups was not reported. Yet the interpretation of results led many investigators
to use higher doses of cisplatin. Subsequently, two randomized trials have tested
the cisplatin dose question. In the first trial, the same dose and schedule of etop-
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oside was combined with cisplatin given at 60 mg/m2 or 120 mg/m2 (17). This
study showed greater toxicity and no increase in response rate, and more impor-
tantly, there was no improvement in overall survival for the patients treated with
higher-dose cisplatin. In a subsequent trial, a higher dose of cisplatin was evalu-
ated. In this study, patients were randomized to cisplatin 100 mg/m2 every 4 wk,
vs cisplatin 200 mg every 4 wk, vs mitomycin combined with cisplatin at a dose
of 200 mg/m2 (18). Similar to the first study, greater toxicity was observed with
the higher dose of cisplatin, and no improvement in either response or overall
survival with the higher dose. These results indicate that doses of cisplatin greater
than 60 mg/m2 do not improve survival in stage IV NSCLC.

An important finding observed in the randomized trials conducted in the 1980s
was the occurrence of discordant results for response rate and survival. Although
the results were not always significant, the mitomycin-vinblastine-cisplatin regi-
men (MVP) was associated with consistently higher response rates in three con-
secutive ECOG trials (5,19,20). However, the 1-yr survival rate for combined
patients treated in two of these ECOG trials was lower for patients treated with
the MVP regimen compared to patients treated with other regimens (8). A subse-
quent Eastern Cooperative Oncology Group (ECOG) trial again showed a higher
response rate for the (MVP) regimen, but there was a trend for lower 1-yr survi-
val rate with MVP. Interestingly, the single agent carboplatin, which produced
a significantly lower response rate (9% compared to MVP—20%), was associ-
ated with a modest yet significant improvement in survival (20). The median
survival for patients treated with carboplatin was 31 wk, compared to 25 wk for
the remaining regimens and 22 wk for the patients treated with the MVP regimen.
Results of these studies emphasize the need for evaluating promising regimens
in carefully conducted randomized trials.

The importance of pretreatment prognostic factors, particularly performance
status and stage, has long been reorganized in NSCLC (21). The practical signifi-
cance of prognostic factors was emphasized by results obtained in comparing
lethal toxicity for nonambulatory patients (Eastern Cooperative Oncology Group
Performance Status 2 vs ambulatory patients [Eastern Cooperative Oncology
Group Performance Status 0–1]). This comparison revealed a 10% rate of lethal
toxicity in nonambulatory patients compared to 3% in ambulatory patients (8).
This observation led to exclusion of nonambulatory patients for almost a decade.
With the advent of new chemotherapeutic agents, nonambulatory patients were
again allowed to participate in phase III trials. After 400 patients had been entered
on a recent ECOG phase III trial, interim toxicity analyses revealed an unaccepta-
ble rate of life-threatening and lethal toxicity in ECOG performance status 2
patients for three of the four regimens (22). From this point on, nonambulatory
patients were excluded from this clinical trial. These observations also have
important implications for the majority of patients who are not treated on clinical
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trials. It is important to remember that nonambulatory patients are more likely
to suffer threatening and lethal complications, even with chemotherapy regimens
consisting of modest drug doses.

2.1. Drug Discovery
Toward the end of the 1980s, many investigators believed that testing differ-

ent combinations and variations on the dose and schedule with the available drugs
was unlikely to result in significant progress. Therefore, a great deal of effort was
directed towards testing new drugs in previously untreated advanced NSCLC
patients. These efforts have resulted in identification of six new drugs that pro-
duce single-agent response rates of at least 20%. The first of the new drugs identi-
fied was vinorelbine, a relatively new vinca alkaloid. Like vincristine and vinblastine,
this agent causes depolymerization of the microtubules and disruption of the
mitotic spindle. Myelosuppression and peripheral neuropathy are the primary
toxicities. Vinorelbine was given at a dose of 25 to 30 mg/m2 weekly in relatively
large phase II trials, in which a response rate of 29% and median survival dura-
tions of 33 and 40 wk were observed (23,24). These encouraging results led to
phase III trials in which vinorelbine was compared to older treatment regimens
(25,26) or to supportive care (27,28). The results of these randomized trials are
discussed in subsequent sections.

2.2. Taxanes
Taxanes are a new class of drugs that promote increased tubular polymeriza-

tion, which disrupts the mitotic spindle. Major toxicities of this class of drugs
include myelosuppression, peripheral neuropathy, and hypersensitivity reactions.
Paclitaxel was the first of this group of drugs to show activity in NSCLC. Pacli-
taxel was given in doses of 200 mg/m2 (29) or 250 mg/m2 (30) as a 24-h intrave-
nous (iv) infusion repeated every 3 wk in two relatively small phase II trials. Both
of these small studies showed surprisingly similar results. Response rates were
21% and 24%. In another phase II trial paclitaxel was given at a dose of 175 mg/m2

intravenously over 3 h (31). The response rate in this study was lower (10%), but
like the earlier phase II trials, the 1-yr survival rate was approx 40%. Based on
the relatively high response rates and 1-yr survival rates of paclitaxel combined
with a platinum compound have been compared to older platinum regimens in
a series of phase III trials, which (32–35) will be discussed later.

Docetaxel, another taxane, has also been tested in NSCLC. Docetaxel has
produced response rates of 33% (36) and 38% (37) in single-agent phase II trials.
In one of these trials, the median survival was 47 wk and the 1-yr survival was
45% (36). Docetaxel has not been compared to older regimens, but has been
compared to supportive care alone (38) and has been studied relatively exten-
sively as a second-line therapy (39–42).
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2.3. Antimetabolites
Gemcitabine is a deoxycytidine analog that inhibits DNA synthesis. This agent

has been extensively studied in NSCLC at doses of 1000–1250 mg/m2. These
studies have consistently produced response rates of 20% (43–45). Median survi-
val was approx 9 mo, and in one trial, the 1-yr survival rate was 40% (45). Like
vinorelbine and paclitaxel, this agent has been combined with cisplatin and com-
pared to older nonplatinum regimens (46–48), and single gemcitabine has been
compared to supportive care alone (49) in randomized trials. The newest agent
identified with the activity in NSCLC is alimta—multitargeted antifol. This com-
pound inhibits DNA synthesis by inhibiting thymidylate synthetase. Alimta has
produced response rates of 25% in 30 previously untreated NSCLC patients (50).
Alimta’s major toxicities include myelosuppression, rash, stomatitis, and diarrhea.

2.4. Topoisomerase I Inhibitors

Irinotecan, a topoisomerase I inhibitor, has been developed primarily by Japa-
nese investigators. The dose and scheduling in original studies was 100 mg/m2

per wk (51,52). Response rates of approx 30% and median survival duration of
40 wk were observed with this agent. At this point, results for irinotecan com-
bined with platinum compared to older platinum regimens have been reported
only in abstract form (53,54).

Phase II trials of topotecan—another toproisomerase I inhibitor—have shown
conflicting results. Response rates of approx 15% have been observed in one trial
(55), while no response has been observed in another study (56). At this point,
there has been no significant further development of topotecan in NSCLC.

2.5. New vs Old Treatment Regimens

Vinorelbine, paclitaxel, and gemcitabine have been combined with a platinum
compound and compared to cisplatin alone or to an older cisplatin-containing reg-
imen. Vinorelbine was the first drug to be tested in phase III trials (see Table 1).
Le Chevalier and his colleagues (25) conducted a trial comparing vinorelbine-
cisplatin vs vindesine-cisplatin vs vinorelbine as a single agent. Six hundred and
twelve patients with previously untreated stage IIIB or stage IV NSCLC were
entered on this trial. The response rate for vinorelbine-cisplatin (30%) was signif-
icantly higher than the response rates for vindesine-cisplatin (19%), and for vin-
orelbine alone (14%). Similarly, survival was significantly longer for patients
treated with vinorelbine-cisplatin compared to vindesine-cisplatin or to vinorel-
bine alone. The median survival duration for vinorelbine-cisplatin was 40 wk,
which was 8 and 9 wks longer than the median survival durations for vindesine-
cisplatin and vinorelbine alone. Similarly, the 1-yr survival rate for vinorelbine-
cisplatin was 40% compared to 30% for vindesine-cisplatin.
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The study is noteworthy because it was the first time that a combination regi-
men produced significantly superior survival compared to another combination
regimen in a large randomized trial (25). In addition, a meta-analysis that included
previous trials comparing single agents to combination regimens has shown a
trend for longer survival with combination regimens, but the difference did not
reach statistical significance (57). Therefore, the results of this trial represent the
first time a combination regimen produced significantly superior survival com-
pared to a single agent in a large randomized study.

Southwest Oncology Group investigators have conducted a randomized trial
comparing vinorelbine-cisplatin to cisplatin alone in 415 previously untreated
NSCLC patients with advanced disease (26). The response rate for vinorelbine-
cisplatin (26%) was significantly higher than the response rate for cisplatin alone
(12%). Also, survival was significantly longer in patients treated with vinorel-
bine-cisplatin compared to those treated with cisplatin alone. Median Survival
was 8 mo, and the 1-yr survival rate was 36% for vinorelbine-cisplatin vs a median
survival of 6 mo and a 20% 1-yr survival rate for cisplatin alone. Again, the results
of this study are among the few examples of a clear-cut survival advantage for
a two-drug regimen vs a single agent.

Paclitaxel has also been evaluated in phase III studies (see Table 2). In a trial
conducted by the ECOG, 600 patients were randomized to paclitaxel 135 mg/m2

given intravenously over 24 h plus cisplatin, vs paclitaxel 250 mg/m2 given intra-
venously over 24 h plus cisplatin, vs etoposide given at a dose of 100 mg/m2

intravenously daily for 3 d plus cis-platin (33). The dose and schedule of cisplatin
in each arm was 75 mg/m2 every 3 wk. The study revealed significantly higher
response rates for the paclitaxel regimens compared to the etoposide-cisplatin
regimen. Comparison of the individual paclitaxel arms vs etoposide/cisplatin
showed superior survival for each of the paclitaxel arms. However, the differ-
ence did not reach statistical significance. There was no significant difference in
survival between paclitaxel arms.

Table 1
Randomized Trials Comparing Vinorelbine-Cisplatin to Older Regimens

Median 1-yr
Investigator         Regimen Patients Response survival survival

LeChevalier Vinorelbine-cisplatin  206  30% 40 wka  40%
et al., 1994 (24) Vindesine-cisplatin  200  19% 32 wk  30%

Vindesine  206  14% 31 wk  32%
Wozniak A. Vinorelbine-cisplatin  206  26%  8 mob  36%

et al., 1998 (26) Cisplatin  209  12%  6 mo  20%
ap value for vinorelvine-cisplatin vs vindesine-cisplatin 0.04 and vs vinorelbine alone is 0.01.
bp value for vinorelbine vs vinorelbine-cisplatin is 0.014.
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Comparison of survival on etoposide-cisplatin vs survival for the combined
paclitaxel arms showed a significant difference—median survival/1-yr survival
rate were 7.6 mo/31.8% for etoposide-cisplatin vs 9.9 mo/38.9% for the paclitaxel
regimen. Subset analysis suggested that the paclitaxel arms were associated with
a greater effect in survival on stage IIIB patients than etoposide-cisplatin. The
median survival with the paclitaxel regimens in stage IIIB patients was 13.1 mo
vs 7.9 mo for etoposide-cisplatin (33).

Serial quality of life was collected in the majority of patients in this trial, and
there was no significant improvement in the overall quality of life. However,
comparison of the measurement of the physical aspect of quality of life at 6 wk
vs baseline levels showed a nonsignificant higher rate of improvement in quality
of life in patients treated with paclitaxel compared to those treated with etoposide-
cisplatin (33).

A shorter duration of paclitaxel infusion (3 h) was evaluated in a similar rando-
mized trial conducted by European investigators (32). In this study, paclitaxel 175
mg/m2 over 3 h plus cisplatin was compared to teniposide-cisplatin. Again, a sig-
nificantly higher response rate was observed for paclitaxel-cisplatin (41%) com-
pared to teniposide-cisplatin (28%). However, there was no significant difference
in survival, and median survival durations for each regimen were 9.7 and 9.1 mo,
and the 1-yr survival was 41% and 43% (32). Serial quality-of-life evaluations
were collected in a portion of these patients, and significantly better quality of life
at the 6-wk evaluation was observed for some aspects of quality of life in pacli-
taxel-treated patients. In particular, the global health score was significantly better
for patients treated with paclitaxel compared to those treated with teniposide (32).

Table 2
Randomized Trials Comparing Paclitaxel-Platinum to Older Regimens

Median  1-yr
Investigators         Regimens Patients Response survival survival

Giaccone et al., Paclitaxela-cisplatin  155  41% 9.7 mo  43%
   1998 (32) Teniponside-cisplatin  162  28%  9.9 mo  41%
Gatzemeier et al., Paclitaxelacisplatin  207  26%  8.1 mo  not stated
   2000 (25) Cisplatin  207  17%  8.6 mo  not stated
Belani et al. Paclitaxela-cisplatin  190  21.6% 8.25* mo  not stated
   1998 (34) Etoposide-cisplatin  179  14.0%
Bonomi et al. Paclitaxel (135 mg/m2)-
   2000 (33) Cisplatin 25.3% 9.5 mo 37.4%

Paclitaxel (250 mg/m2)
-Cisplatin
Filgrastin  27.7%  10.1 mo  40.3%
Etoposide-cisplatin  12.4% 7.6 mo  31.8%

aMedian survival for all patients.



222                Bonomi and DiNunno

Paclitaxel given at a dose of 175 mg/m2 over 3 h plus cisplatin was compared
to cisplatin alone in another European trial (35). The response rate was signifi-
cantly higher for the paclitaxel-cisplatin regimen. However, there were no signif-
icant differences in survival rates, with median survival of 8.1 mo for paclitaxel-
cisplatin-treated patients vs 8.6 mo for cisplatin-treated patients. Although detailed
data were not presented, the investigators stated that there was a trend for better
quality of life in paclitaxel-cisplatin-treated patients (35).

The paclitaxel-carboplatin regimen has shown relatively promising results in
phase II trials (58,59). In the United States, paclitaxel given at a dose of 225 mg/
m2 over 3 h combined with carboplatin dosed at an AUC of 6 repeated every
3 wk (59) is a commonly used regimen in community practice. This regimen has
been compared to etoposide-cisplatin in 369 patients in a randomized trial (34).
The response rate for paclitaxel-carboplatin was 29% vs 14% for etoposide-cis-
platin. Median survival for all patients was 8.2 mo, and the 1-yr survival rate was
35% (34). At the annual meeting of the American Society of Clinical Oncology
in 1998, the investigators reported no significant difference in survival between
these regimens.

Gemcitabine has also been evaluated in a series of phase III studies (see Table
3). Gemcitabine plus cisplatin has been compared to cisplatin alone in a rela-
tively large (522 patients) phase III trial (48). Gemcitabine with cisplatin was
associated with a 30% response rate compared to 11% for cisplatin. Significantly
longer survival was noted for the gemcitabine-cisplatin regimen. The median
survival was 9.1 mo and a 1-yr survival rate of 39% for the two-drug combination
compared to a median survival of 7.6 mo and a 1-yr survival rate of 28% for cis-
platin alone (48). Quality of life was also measured in this study, and no signifi-
cant differences were noted.

Gemcitabine-cisplatin has (47) been compared to mitomycin-ifosfamide and
cisplatin (MIC), a regimen that has been shown to be superior to supportive care
alone (15). A significantly higher response was observed for gemcitabine-cis-

Table 3
Randomized Trials Comparing Gemcitabine-Cisplatin to Older Regimens

Median 1-yr
Investigators        Regimens Patients Response survival  survival

Sandler et al., Gemcitabine-cisplatin  260  30.4% 9.1 mo  39%
   2000 (48) Cisplatin  262  11.1% 7.6 mo  28%
Cardenal et al., Gemcitabine-cisplatin  69  40.6% 8.7 mo  32%
   1999 (46) Etoposide-cisplatin  66  21.9% 7.2 mo  26%
Crino et al., Gemcitabine-cisplatin  155  38% 8.6 mo  33%
   1999 (47) Mitomycin-cisplatin  152  26% 9.6 mo  34%

Cisplatin
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platin (39%) compared to the MIC regimen (26%). However, the median survi-
val was 8.6 mo for the gemcitabine regimen and 9.6 mo for the MIC regimen. The
1-yr survival rate were 33% and 34%, and the difference in survival was not sig-
nificant (47). No significant differences in quality of life were observed between
the regimens.

Gemcitabine-cisplatin has been compared to etoposide-cisplatin in a random-
ized phase II trial (135 patients). Like the preceding trials a significantly higher
response rate was observed with gemcitabine-cisplatin, but survival and quality-
of-life scores were not significantly different (46).

2.6. New Drugs vs Supportive Care (see Table 4)
Vinorelbine has been compared to supportive care alone in patient’s whose

age was ≥70 yr, and whose ECOG performance status was 0–2 (28). In this trial,
vinorelbine was given at a dose of 30 mg/m2 on the first and eighth day of a 21-d
cycle. Initially, the investigators planned to accrue 350 patients, but the trial was
closed when 191 patients had been entered because of a relatively slow rate of
accrual. The response rate for vinorelbine was 19.7%. Significantly, improved
survival was observed in the vinorelbine treated patients—median survival 28
wk and 1-yr survival rate of 32% for vinorelbine compared to median survival
of 21 wk and 1-yr survival rate of 14% for best supportive care (28). The quality-
of-life analyses revealed a trend for better global health in vinorelbine-treated
patients, but this difference did not reach statistical significance. However, there
was a significantly higher rate of improvement in lung-cancer-related symptoms
in vinorelbine-treated patients. In contrast, there was a significantly higher rate
of toxicity-related symptoms in vinorelbine-treated patients (28).

In another trial, vinorelbine alone was compared to 5-F fluorouracil and leu-
covorin in 216 stage IV SCLC patients (27). The age distribution was typical for

Table 4
Randomized Trials Comparing New Single Agents to Supportive Care

Median 1-yr
Investigators     Treatment Patients Response survival  survival

The elderly lung Vinorelbine  76  19.7% 28 wk  32%
cancer vinorelbine
Italian study group, Supportive care  78  — 21 wk  14%
1999 (28)

Ranson et al., Paclitaxel  79  16% 6.8 mo  not stated
2000 (60)    supportive care  78 — 4.8 mo  not stated

Roszkowski et al., Docetaxel  137 13.1% 6.0 mo  25%
2000 (38)    supportive care  70 — 5.7 mo  16%

Anderson et al., Gemcitabine  150  18.5% 5.7 mo  25%
2000 (49)    supportive care  150 — 5.9 mo  22%
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NSCLC trials—median age of 61 yr. Vinorelbine was given at a dose of 30 mg/m2

weekly until toxicity. Although both groups of patients received cytotoxic therapy,
this trial is included as an example of treatment with a single drug compared to
best supportive care because 5-fluorovracil (5-FU) leucovorin (LVN) has virtu-
ally no activity in NSCLC (3% response rate) (27). This assumption is supported
by the fact that the median survival was 22 wk, and the 1-yr survival rate was 16%
for patients treated with 5-FU-leucovorin, results consistent with data reported for
supportive care only (13). Patients treated with vinorelbine survived significantly
longer than patients treated with 5-FU-leucovorin. Median survival was 30 wk,
and the 1-yr survival rate was 25% for vinorelbine-treated patients, p = .03 (27).

Paclitaxel alone has been compared to best supportive care in 157 previously
untreated NSCLC patients (60). The response rate for patients receiving
paclitaxel infused over 3 h at a dose of 200 mg/m2 repeated every 3 wk was 16%.
Significantly longer survival was observed in paclitaxel-treated patients. The
median survival was 6.8 mo for paclitaxel vs 4.8 mo for best supportive care. How-
ever, the 1-yr survival rate was relatively similar. The 95% confidence intervals
for 1-yr survival were 20–41% paclitaxel and 18–39% for best supportive care.
Estimated 2-yr survival rates for paclitaxel was 10–15%, for supportive care,
they were less than 5% (60). There was no improvement in overall quality of life
in paclitaxel-treated patients, but the physical aspects of the quality of life were
significantly improved in patients treated with paclitaxel.

Docetaxel given at a dose of 100 mg/m2 every 3 wk was compared to best
supportive care in 207 NSCLC patients (38). Approx 50% of these patients had
locally advanced disease. The response rate for single-agent docetaxel was 13%.
The median survival durations were relatively similar—6 mo for docetaxel and
5.7 mo for patients treated with best supportive care. However, a positive effect
on survival was observed in docetaxel-treated patients at later time periods, and the
1–2 yr survival for docetaxel-treated patients was 25% and 12% vs 16% and 0 for
best supportive care, p = .026 (38). There was no improvement in overall quality
of life. However, the patients treated with docetaxel had a significant improve-
ment in physical aspects of quality of life compared to supportive care only.

Gemcitabine given at a dose of 100 mg/m2 on days 1,8, and 15 of a 28-d cycle
has also been compared to best supportive care (49). In this trial, 60% of the
patients had locally advanced disease. The response rate for single-agent gem-
citabine was 19%. The median 1-yr and 2-yr survival rates for gemcitabine were
5.5 mo, 25%, and 6% respectively, compared to 5.9 mo, 22%, and 7% respectively
for best supportive care alone. These differences were not significant (49). Com-
parison of the physical aspect of quality of life revealed that 22% of patients
treated with gemcitabine vs 9% of patients treated with best supportive care expe-
rienced a 25% improvement in 14 commonly reported symptoms.

To summarize the new drug vs supportive care studies, improved survival was
observed with vinorelbine (27,28), paclitaxel (60), and docetaxel (38). Although
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critics could argue that the small improvement in median survival observed in
two of these trials is not clinically meaningful, the fact that higher 1-yr and 2-yr
survival rates were observed in four of the studies (27,28,38,60) suggest that
treatment with new or single agents is associated with clinically meaningful pro-
longation of survival for some patients.

It is somewhat surprising that treatment with gemcitabine was not associated
with a significant improvement in survival (49). The failure to observe a survival
effect with this agent might be explained by the following considerations. First,
60% of patients in this trial had locally advanced disease, and a higher percentage
of supportive-care patients received palliative radiation therapy (79%) com-
pared to gemcitabine patients (49%) (49). In addition, the median time to initiation
of palliative radiation was 3.8 wk for supportive-care patients compared to 29 wk
for gemcitabine patients. It is possible that palliative chest radiation in the patients
with locally advanced disease may have had an important effect on survival.

2.7. Comparison of New Agents
Vinorelbine was the first of the new agents to be tested against older treat-

ments, and also the first to be tested against another new agent. The Southwestern
Oncology Group (SWOG) conducted a randomized trial comparing vinorelbine-
cisplatin to paclitaxel-carboplatin in 365 previous untreated NSCLC patients
with stage IV or stage IIIB disease by virtue of a malignant pleural effusion (61).
Paclitaxel-carboplatin was selected for this trial rather than paclitaxel and
cisplatin for the following reasons. First, paclitaxel-carboplatin produced a 54%
response rate and a median survival duration of 1 yr and in a relatively large
phase II trial in which paclitaxel was given as a 24-h infusion in this study (58).
Simultaneously, another group of investigators observed relatively high response
rates and acceptable toxicity with carboplatin combined with paclitaxel given as
a 3-h infusion (59). This regimen could be administered easily on an outpatient
basis, and was adopted by a large number of community-based oncologists. Vino-
relbine-cisplatin was the reference regimen because it was superior to cisplatin
alone in the previous phase III SWOG trial (26).

The paclitaxel-carboplatin regimen and vinorelbine-cisplatin regimen pro-
duced identical response rates (27%) and median survival durations (8 mo) (61).
The 1-yr survival rate for paclitaxel-carboplatin was 36% vs 33% for vinorelbine-
cisplatin. There was no significant difference in overall survival rates.

A significantly higher percentage of patients (26%) completed six courses
of paclitaxel-carboplatin compared to 14.5% of vinorelbine-cisplatin treated
patients (p < .05). Similarly, 13% of patients discontinued treatment with pac-
litaxel-car-boplatin because of toxicity compared to 30% of patients treated with
vinorelbine-cisplatin (p = .01). There was significantly less grade 3 nausea on
paclitaxel-carboplatin, and less grade 3 neuropathy with vinorelbine-cisplatin.
The SWOG investigators concluded that paclitaxel-carboplatin would be the
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reference regimen for future studies because of better tolerability and patient
compliance (61).

ECOG investigators have completed a 1200-patient phase III trial in which
paclitaxel, docetaxel, and gemcitabine were evaluated (62). Paclitaxel was given
as a 24-h infusion combined with cisplatin as the reference regimen in this trial,
based on the results of the most recent phase III ECOG study (20). The paclitaxel-
carboplatin was also included in the ECOG trial for the same reasons, which led
the SWOG investigators to study this regimen (61). Docetaxel-cisplatin and
gemcitabine-cisplatin were also studied in this trial, in which the primary objec-
tive was to compare survival on the paclitaxel-cisplatin regimen to each of the
other regimens. The NSCLC patients with stage IV disease or with stage IIIB
disease by virtue of a malignant pleural effusion were eligible for this study.
Initially, patients with an ECOG performance status of 0–2 were included in this
trial. However, after 400 patients had been gathered, toxicity was evaluated in
PS2 patients. This analysis revealed that rates of life-threatening toxicity were
significantly higher for gemcitabine-cisplatin (94%), docetaxel-cisplatin (84%),
and paclitxel-cisplatin (88%) vs paclitaxel-carboplatin (56%). In addition, lethal
toxicity on gemcitabine-cisplatin and docetaxel-cisplatin in performance status
2 patients was 15% and 17%, respectively (63). At this point, protocol was amended,
and performance status 2 patients were no longer eligible for the trial.

Similar toxicity results were observed for all patients entered in this study. The
rates of grade 4–5 toxicity were 57% for paclitaxel-carboplatin, 69% for pac-
litaxel-cisplatin, 70% for gemcitabine-cisplatin, and 66% docetaxel-cisplatin.
The rate of grade 4–5 toxicity was significantly less for paclitaxel-carboplatin
treated-patients (p < .05) (62).

Efficacy results for this trial were presented at the annual meeting of the Society
of Clinical Oncology in May 2000. Compared to the reference regimen (24 h infu-
sion of paclitaxel-cisplatin), none of the regimens produced significantly higher
survival rates. Detailed information regarding results of this study has not been
published at this point.

Preliminary results are available for two randomized trials in which a taxane
combined with a platinum compound was compared to taxane combined with
gemcitabine (64,65). In the first trial, 290 patients were treated with docetaxel-
cisplatin vs docetaxel-gemcitabine (64). The response rate, median survival, and
1-yr survival rate for docetaxel-cisplatin were 32%, 10 mo, and 42%, respec-
tively. Similar results for response rate, survival time, and for 1-yr survival were
observed with docetaxel-gemcitabine: 34%, 9 mo, and 38%, respectively (64). In
the second trial, paclitaxel-carboplatin was compared to paclitaxel-gemcitabine
in 329 patients. There was a trend for longer survival with paclitaxel-gemcitabine,
with a median survival of 12.3 mo, vs 10.7 mo for paclitaxel-carboplatin and
a 1-yr survival rate of 51% compared to 41% for paclitaxel-carboplatin (65).
However, the survival difference did not reach statistical significance.



Chapter 9 / Treatment of  Stage IV NSCLC 227

Another question regarding new drug combinations is the role of triple-drug
regimens compared to two-drug regimens. Italian investigators are conducting
a trial in which a three-drug regimen consisting of gemcitabine-vinorelbine-
cisplatin is being compared to vinorelbine-cisplatin and to gemcitabine-cisplatin
(66). The projected accrual goal of this study is 320 patients. An interim analysis
completed at an accrual of 180 patients showed that the vinorelbine-cisplatin
regimen was inferior to the triplet. The death-hazard ratio for the triplet com-
pared to vinorelbine-cisplatin is 0.35, p < 0.01. Comparison of response rates for
the triplet vs gemcitabine-cisplatin vs vinorelbine-cisplatin are 47%, 30%, and
25%, respectively. Similarly, the median survival durations/1-yr survival rates
are 51 wk/45% for the triplet, 42 wk/40% for gemcitabine-cisplatin, and 35 wk/
34% for vinorelbine-cisplatin. Based on these results, vinorelbine-cisplatin has
been omitted from this study. Enrollment continues for gemcitabine-vinorelbine-
cisplatin vs gemcitabine-cisplatin (66).

2.8. Chemotherapy Plus Biologic Therapy

One of the first biologic agents to be tested in relatively large randomized
trials was hydrazine sulfate. This agent had shown a trend for longer survival in
a randomized phase II in which patients received chemotherapy with or without
hydrazine sulfate (67). The rationale for using hydrazine sulfate was based on the
fact that there is increased gluconeogenesis in cancer patients, and it was postu-
lated that this biochemical phenomena might contribute to weight loss and asthe-
nia in cancer patients. Two randomized trials which included 266 and 243 patients
tested cisplatin-vinblastine (68) with or without hydrazine sulfate, or cisplatin-
etoposide (69) with or without hydrazine sulfate. In the etoposide-cisplatin trial,
there was no difference in the quality of life or toxicity for patients treated with
hydrazine vs placebo. However, there was a trend for shorter survival with hydra-
zine sulfate (69). In the vinorelbine-cisplatin trial, quality of life was signifi-
cantly worse in hydrazine sulfate-treated patients, but there was no significant
difference in survival (68). Both groups of investigators concluded that hydra-
zine sulfate does not appear to play a role in the treatment of NSCLC patients.

More recently, tirapazamine has been tested in phase III trial in which patients
were randomized to cisplatin with or without tirapazime (70). The rationale for
combining tirapazime with cisplatin was based on the fact that tirapazime is an
agent that is effective against hypoxic cells, and that this property may enhance
the cytotoxicity of chemotherapeutic agents. A total of 446 patients were entered
on this trial, which showed a significantly higher response rate for tirapazamine-
cisplatin vs cisplatin alone—27.5% vs 13.7%. Median survival significantly
improved with tirapazamine-cisplatin treated patients—the 1-yr survival rate
was 34.6 wk/33.9% vs 27.7/22.5% (70). Significantly more diarrhea, muscle
cramps, and nausea were observed in tirapazamine-treated patients. In addition,
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transient hearing loss and visual disturbances were observed more frequently in
tirapazamine-cisplatin treated patients.

Tirapazamine has also been tested in 319 patients treated in a randomized trial
that provided a comparison to etoposide, cisplatin, and tirapazamine vs etoposide
and cisplatin alone. In contrast to the earlier tirapazamine-cisplatin study, the
addition of tirapazime to etoposide-cisplatin did not produce a significant sur-
vival improvement (71).

Currently, there is an increasing number of biologic agents targeting new
therapeutic targets being tested in NSCLC. Inhibition of angiogenesis is one area
of intense research. Theoretically, angiogenesis can be inhibited by small mole-
cules that block the activity of matrix metalloproteinases, antibodies that prevent
binding of endothelial growth factors, inhibition of the growth-promoting activ-
ity of signal transduction in vascular cells, and by administration of naturally
occurring inhibitors of angiogenesis, such as angiostatin and endostatin (72).
Two of these therapeutic approaches have been tested in stage IV NSCLC. The
first one is RhuMAb/vascular endothelial growth factor (VEGF), an antibody
directed against a binding site for vascular endothelial growth factor (VEGF),
has been combined with paclitaxel and carboplatin in a randomized phase II trial
(73). Each patient received paclitaxel 225 mg/m2 and carboplatin dosed at an
AUC of 6 every 3 wk. Patients were randomized to receive ruhuMAb/VEGF at
the time of progressive disease (32 patients), or to receive ruhuMAb/VEGF at
7.5 mg/kg (32 patients) or 15 mg/kg (35 patients) concurrently with paclitaxel-
carboplatin. Response rates were 28% and 38% for patients treated with concurrent
chemobiologic therapy compared to 18% for patients treated with paclitaxel-car-
boplatin alone (73). In addition, the median time to progression was relatively
long for all patients: 181 d for sequential chemotherapy on ruhuMAb/VEGF and
207 d for higher doses of ruhuMAb/VEGF and concurrent paclitaxel-carboplatin.
Although the results for response and time to progression are relatively encour-
aging, six patients suffered pulmonary hemorrhage, and four of these episodes
were fatal (73). At this point, phase III trial testing on ruhuMAb/VEGF has not
been initiated.

The matrix metalloproteinase inhibitor prinomostat has been evaluated in a
phase III trial in which NSCLC patients were randomized to paclitaxel-carbopla-
tin with or without prinomostat (74). The study has been completed, but results
are not available. Randomized trials testing other ways to inhibit angiogenesis,
such as signal transduction inhibitors and naturally occurring inhibitors, have
not been initiated at this point.

Inhibition of signal transduction associated with audocrine growth factors is
another therapeutic target that is being explored in NSCLC (75–77). Iressa is the
first agent in this category to be tested in phase III trials. The observation of two
partial remissions with Iressa alone in 16 NSCLC patients who had been previ-
ously treated with chemotherapy (78) served as the basis for initiating two phase
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III trials. In each trial, stage IV NSCLC patients are treated with chemotherapy
plus or minus Iressa. In one trial, patients will receive paclitaxel-carboplatin, and
in the other trial, the gemcitabine-cisplatin regimen is being used.

Trastuzamab, an antibody directed against the Her-2 receptor, has produced
tumor regression in chemotherapy-refractory breast cancer. The fact that the HER-
2 receptor also overexpressed in some NSCLC carcinomas has led to a phase II
trial testing trastuzamab as a single agent, and to another phase II trial testing tra-
stuzamab in combination with paclitaxel-carboplatin.

Dysregulation of programmed cell death (apotosis) occurs frequently in malig-
nant disease, including NSCLC (79). The p53 gene is involved in repairing DNA
damage, and in directing cells towards apotosis when DNA damage is irrevers-
ible. Roth and his colleagues (80) have shown that direct injection of wild-type
p53 by means of a viral vector can induce tumor regression in NSCLC. Unfor-
tunately, this approach is limited by the need for direct tumor injection of the p53
viral vector. There are a number of oral, noncytotoxic agents that induce apotosis
in malignant cells in preclinical models (79). Phase II trials using chemotherapy
combined with agents that have the potential to enhance apotosis are being started,
but the results of these studies have not yet been published.

2.9. Second-Line Chemotherapy
Docetaxel has been tested as second-line therapy in patients previously treated

with cisplatin-based chemotherapy regimens. Two early phase II trials have
shown response rates of 13 (40) and 21% (39). The median survival and 1-yr sur-
vival rates were 42 wk and 44% in a single-institution trial (39). The survival
results in a multiinstitutional trial were also relatively good, with a median sur-
vival duration of 7 mo and a 1-yr survival rate of 25% (40). Subsequently, second-
line docetaxel has been evaluated in two randomized trials. In the first study, 204
patients were randomized to docetaxel vs best supportive care (41). The first 49
patients received docetaxel on a schedule of 100 mg/m2 intravenously every 3 wk.
The protocol was modified because of toxicity, and the next 55 patients received
docetaxel at a dose of 75 mg/m2 every 3 wk. The response rate in this trial was
5.8%. Survival was significantly longer in docetaxel-treated patients, with a
median survival duration of 7 mo and a 1-yr survival rate of 29% vs a median sur-
vival of 4.6 mo and 1-yr survival rate of 19% in patients who received best sup-
portive care only (p = 0.047) (41). Subset analysis revealed that patients treated
with a higher dose of docetaxel (100 mg/m2) did not experience a significant
survival advantage compared to patients treated with supportive care only. In
contrast, a significant survival advantage was seen in patients treated with a
lower dose of docetaxel (75 mg/m2). Serial quality-of-life information was col-
lected on this trial, but the results have not yet been reported.

In the second trial, 373 NSCLC patients previously treated with a platinum
regimen were randomized to receive docetaxel at a dose of 100 mg/m2 vs
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docetaxel dosed at 75 mg/m2 vs either vinorelbine or ifosfamide (42). The choice
of vinorelbine or ifosfamide was at the discretion of the individual investigator.
The response rates for the higher dose of docetaxel, the lower dose of docetaxel,
and for vinorelbine and ifosfamide were 10.8%, 6.7%, and 0.8%, respectively.
The median survival duration/1-yr survival rates for the higher dose of docetaxel
were 5.5 mo/21%, compared to 5.7 mo/32% for the lower dose of docetaxel,
compared to 5.6 mo/19% for vinorelbine or ifosfamide (42). Patients treated
with the lower dose of docetaxel, but not those treated with the higher dose, sur-
vived significantly longer than vinorelbin- or ifosfamide-treated patients. Nota-
bly, both studies showed better survival, with docetaxel given at a dose of 75 mg/
m2, but not at a dose of 100 mg/m2 (41,42). The explanation for this is not readily
apparent, but the results suggest that the higher dose may have caused a detri-
men-tal effect that is not readily apparent. These results have implications for
stage III trials because they show that second-line therapy has a modest effect
on survival that may influence the overall survival of patients on randomized
studies testing front-line chemotherapy. Finally, the survival durations in these
patients are very similar to the survival results observed in previously untreated
patients (25,33,48). These observations suggest that patient selection was an
important factor in the survival results observed in the second-line studies (39–42).

Gemcitabine has also been tested as second-line therapy in patients previ-
ously treated with platinum-based regimens (81,82). In a relatively large phase
II trial (83 patients), a 19% response rate was observed (81). In contrast, a 6%
response rate observed in 65 patients treated with gemcitabine in another trial
(82). The response results in these trials suggest that patient selection has a sig-
nificant influence in determining response to second-line therapy. In the trial
with a higher response rate (81) 23 patients had experienced partial remission on
primary chemotherapy and eleven of these (48%) experienced a partial remission
on second-line gemcitabine. In contrast, the response rates to second-line gem-
citabine were 15% in 26 patients who had achieved stable disease and only 4%
in 41 patients who had progressed on first-line treatment. It appears that patients
whose disease is refractory to primary chemotherapy tend to be refractory to sec-
ond-line chemotherapy.

3. SUMMARY AND FUTURE DIRECTIONS

Based on the results of the meta-analyses, cisplatin containing chemotherapy
produces modest survival improvement compared to supportive care in advanced
NSCLC patients (13,14). Despite the fact that significant survival differences
have not been observed in all trials comparing new vs old chemotherapy regi-
mens (32,45), it appears that survival is slightly better with newer chemotherapy
regimens (25,33,48). It may be a good idea to design studies to address the fol-
lowing chemotherapy questions: What is the optimum two-drug regimen? Are
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nonplatinum regimens superior to platinum regimens? Are triple-drug regimens
superior to two-drug regimens? Will variations in chemotherapy dose and sched-
ule produce significant progress? However, it seems likely that a plateau has
been reached with the currently available chemotherapeutic agents. In large ran-
domized trials, response rates of new chemotherapeutic agents are approx 20–
25% (25,33,48). In addition, patients whose disease fails to respond to primary
chemotherapy appear to have a response rate less than 5% on second-line chemo-
therapy (81). If chemo-sensitive disease is defined by the overall complete and par-
tial remission rate, it appears that the majority of patients with stage IV NSCLC
have chemo-refractory disease. Varying combinations, doses, or schedules of
the current available cytotoxic agents are not likely to have a significant impact
on overall survival. In contrast, increasing discoveries in the area of lung-cancer
biology are identifying potential new therapeutic targets (72,75–77,79). Hope-
fully, the new treatments will be effective against tumors that are refractory to
conventional chemotherapy.

While considering a large number of therapeutic new biologic treatments that
could be tested, it is important to remember that only a small number of patients
participate in clinical trials. How should we proceed? Should phase III clinical
trials be designed based on the results of preclinical information and phase I
trials? Or should a series of relatively large phase II trials (randomized vs non-
randomized?) be done in order to select promising biologic or chemobiologic
treatments to be tested in phase III studies? We are fortunate to have the oppor-
tunity to study many new treatment strategies. However, setting priorities for
future studies will not be easy.
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1. INTRODUCTION

Lung cancer represents a major public health problem in the United States
and around the world. In the United States alone, more than 175,000 new cases
will be diagnosed in 1999, leading to over 150,000 deaths (1). This makes lung
cancer by far the leading cause of cancer death. Approximately 80% of lung-can-
cer patients have non-small-cell lung cancer (NSCLC) histologically, and most
of these patients present with disease that is locally advanced or metsastatic,
requiring a systemic approach to therapy.

Early trials in advanced NSCLC identified several chemotherapeutic agents
with demonstrated activity. Those drugs with response rates in excess of 15%
were limited to a select few: cisplatin, ifosfamide, mitomycin-C, vinblastine,
vindesine, and etoposide (2). Because of their activity as single agents, these drugs
have been studied in multidrug combination chemotherapy regimens in phase II
trials, with promising results. Yet large randomized trials using these regimens
have failed to identify a truly superior regimen (3). While the combination of cis-
platin and etoposide has emerged as the “standard” regimen based on trends
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toward improved 1-yr survival and its relatively favorable toxicity profile (4),
physicians who treat NSCLC patients and investigators who perform clinical
research in this field have not been fully satisfied with this regimen.

As these combination regimens were being developed and investigated in
phase I, II, and III trials, others were asking the appropriate question of whether
chemotherapy offered any true survival advantage over the best supportive care
available. Because of this controversy, a number of randomized phase III trials
sought to address this question. Randomized trials of combination chemotherapy
vs supportive care alone were performed in North America and Europe in pa-
tients with advanced NSCLC to determine whether a survival advantage could
be proven. Although many of these trials employed chemotherapy regimens now
considered suboptimal and/or enrolled too few patients to show a statistically
meaningful difference, there was a universal trend toward improved survival
with chemotherapy, and several of these studies did in fact show a significant
survival impact (5). Based on these studies with borderline statistical significance,
meta-analyses have now been completed using the data from these randomized
trials of chemotherapy vs supportive care alone (6). These meta-analyses came to
the conclusion that chemotherapy, specifically cisplatin-based therapy, does pro-
long overall survival over best supportive care alone by approx 6–8 wk, with an
improvement in 1-yr survival from 16–26%, or an absolute benefit in 1-yr surviv-
al of 10%. These data, along with retrospective evidence of a possible improve-
ment in quality of life with chemotherapy (7), prompted further investigation into
new, more active, and less toxic drugs for advanced NSCLC.

2. NEW DRUGS IDENTIFIED

A number of new drugs have been identified with substantial, reproducible sin-
gle-agent activity in advanced NSCLC over the last 10 yr. These agents include
docetaxel, gemcitabine, irinotecan, paclitaxel, and vinorelbine (8). These drugs
have subsequently been investigated extensively as single agents, and in com-
bination regimens with either cisplatin or carboplatin in phase I, II, and III trials.

2.1. Vinorelbine
Vinorelbine, a semisynthetic vinca alkaloid, has been studied in patients with

advanced NSCLC. Early trials demonstrated significant single-agent activity
and vinorelbine was the first of the new generation of drugs to be approved for
NSCLC. Like other vinca alkaloids, vinorelbine exerts its biologic effect by inhib-
iting microtubule assembly. The effect of vinorelbine on microtubules, both axo-
nal and mitotic has been studied (9). In intact tectal plates from mouse embryos,
vinorelbine, vincristine, and vinblastine all inhibit mitotic microtubule forma-
tion, inducing a blockade of cells at metaphase. At higher concentrations, vinorel-
bine is the only one of the three drugs that induces a blockade at prophase. Most
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importantly, vincristine produced depolymerization of axonal microtubules at
concentrations in which vinorelbine did not have this neurotoxic effect, suggest-
ing a decreased neurologic toxicity for vinorelbine.

Early trials showed that 25–30 mg/m2/wk was the maximum tolerated dose of
vinorelbine (10). Subsequent phase II studies showed myelosuppression, and
specifically neutropenia, to be dose-limiting for this drug, occurring in approx
50% of patients at the grade 3–4 level (11). Other grade 3–4 toxicities with vino-
relbine as a single agent included nausea, constipation, and neuropathy in a minor-
ity (<10%) of patients. Irritation at the injection site was also noted in 10–20%
of patients (12). These early studies showed that as a single agent, vinorelbine
produced responses in approx 12–33% of patients (13).

A European phase II study of vinorelbine in 78 previously untreated patients
with advanced NSCLC gave the drug at 30 mg/m2/wk (Table 1). There was an
overall response rate of 33% with no complete responses. The median response
duration was 34 wk, with a median survival of 32 wk for all patients (14). Toxi-
cities included neutropenia, peripheral neuropathy, and mild nausea and vomit-
ing. A Japanese trial gave vinorelbine to patients with NSCLC at doses of 20–25
mg/m2 weekly. A phase II portion of the study enrolled 80 patients without prior
therapy to receive vinorelbine at 25 mg/m2 weekly. Response rate overall was
33% (23 of 69 patients evaluable). There were no complete responders. The
principal side effect was leukopenia, grade 3 or greater in 69% of patients (15).

A subsequent randomized trial compared single-agent vinorelbine with 5-flu-
orouracil (5-FU) and leucovorin (LVN) in patients with metastatic NSCLC. A

Table 1
New Drug Combinations in Advanced NSCLC

New Drug Other drug Response rate (%) Median survival (wk)

Vinorelbine — 12–33 29–33
Vinorelbine Cisplatin 30–43 33–40
Vinorelbine Carboplatin 16–40 35–52
Paclitaxel — 21–24 24–40
Paclitaxel Cisplatin 30–34 41–44
Paclitaxel Carboplatin 27–62 35–53
Docetaxel — 21–38 26–48
Docetaxel Cisplatin 32–48 35–56
Docetaxel Carboplatin 48 NA
Gemcitabine — 19–22 26–46
Gemcitabine Cisplatin 30–50 35–53
Gemcitabine Carboplatin 29–50 45–69
Irinotecan — 32 42
Irinotecan Cisplatin 29 43

*See text for references.
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total of 216 patients with untreated stage IV NSCLC received either vinorelbine
(30 mg/m2 weekly) or 5-FU (425 mg/m2 iv daily x 5 d) with LVN (20 mg/m2 daily
x 5 d) every 28 d. Twelve percent of patients responded to vinorelbine vs 6% for
5-FU/LVN (not significantly different statistically). However, median survival for
the patients who received vinorelbine was 29 wk, superior to the cohort receiving
5-FU/LVN with a median survival of 21 wk (p = 0.02). The toxicity of vinorelbine
was principally hematologic, with grade 3–4 neutropenia occurring in 53% of
patients, but only 7% required hospitalization for infection (16). More recently,
a European trial compared single-agent vinorelbine to supportive care alone in
elderly lung-cancer patients in the ELVIS (Elderly Lung Cancer Vinorelbine
Italian Study) trial (17). This study showed an improved survival in the vinorel-
bine-treated patients (28 vs 21 wk) with improvement of several quality-of-life
measures. Again, toxicity was acceptable even in these high-risk patients.

Vinorelbine had demonstrated single-agent activity, and others have investi-
gated its use in combination with standard drugs. A large multicenter French trial
compared the European standard of cisplatin and vindesine (CDDP 120 mg/m2

every 4–6 wk, vindesine 3 mg/m2 weekly) to vinorelbine as a single agent (30 mg/
m2 weekly) or cisplatin and vinorelbine (CDDP 120 mg/m2 every 4–6 wk, vino-
relbine 30 mg/m2 weekly) in 612 untreated patients with inoperable NSCLC.
The response rate was highest in patients receiving both cisplatin and vinorel-
bine (28%, p < .005) as compared to cisplatin and vindesine (19%), or to vinorel-
bine alone (14%). Median survival was also superior in the cisplatin-vinorelbine
group at 40 wk, compared to 30 wk for cisplatin-vindesine and 28 wk for vinorel-
bine alone. Neutropenia was the main grade 3–4 toxicity, seen in 78% of patients
receiving cisplatin and vinorelbine. Neurotoxicity in the cisplatin/vinorelbine
cohort became grade 3–4 in only 6% of cases (18). A separate Southwest Oncol-
ogy Group (SWOG) trial compared the combination of cisplatin and vinorelbine
to cisplatin alone and found an improved response rate (26% vs 12%) and overall
survival (8 vs 6 mo) for the cisplatin-vinorelbine combination regimen, both statis-
tically significant (19). These trials have established cisplatin-vinorelbine as the
first of the “new-generation” standard options for managing metastatic NSCLC.

More recently, in an effort to eliminate the nausea, vomiting, and fatigue asso-
ciated with cisplatin-based therapy, vinorelbine has been studied in combination
with carboplatin with encouraging results. The carboplatin-vinorelbine combina-
tion regimen has been studied in advanced NSCLC in a phase I trial, with carbopla-
tin given on d 1 at a dose to achieve an AUC of 7 given every 28 d, and vinorelbine
at an MTD of 30 mg/m2/wk with granulocyte-colony-stimulating factor (G-CSF)
support. Neutropenia was dose-limiting, and a 29% response rate was observed
for all evaluable patients (20). Other phase I and II trials have combined weekly
vinorelbine and carboplatin (21) given every 3–4 wk with neutropenia as the
dose-limiting toxicity and response rates ranging from 16–40% (22) and median
survivals of 8–12 mo (23) with good patient tolerance (24). A Northwestern Uni-
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versity and Evanston Northwestern Healthcare phase I trial will evaluate this com-
bination, with both carboplatin and vinorelbine given on a d 1, d 8 schedule every
21 d. Overall, vinorelbine—as the first of the newer-generation drugs directed
against advanced NSCLC—has shown many promising results in these trials.

2.2. Paclitaxel

Paclitaxel is a novel antimicrotubule agent that promotes the assembly of
microtubules from tubulin dimers and stabilizes microtubules by preventing
depolymerization. This stability results in the inhibition of the normal reorganiza-
tion of the microtubule network that is essential for interphase and mitotic cellu-
lar functions. Early clinical trials of paclitaxel administration demonstrated a
serum half-life of 15–52 h in patients receiving paclitaxel as a 24-h infusion, with
a half-life of approx 13–20 h in patients receiving paclitaxel as a 3-h infusion (25).

Principal toxicities induced by paclitaxel administration include leukopenia and
neutropenia occurring in up to 90% of patients, anemia in up to 78% of patients,
and thrombocytopenia in 20% of patients. Other common side effects include
hypersensitivity reactions, and peripheral neuropathy and/or myalgias in up to
60% of patients. Up to 50% of patients may have nausea, vomiting, diarrhea, or
mucositis, and most patients receiving paclitaxel on the 21-d schedule experi-
ence alopecia (26).

Paclitaxel was first studied as a single agent in advanced NSCLC. Phase II trials
of paclitaxel in NSCLC demonstrated promising single-agent activity. At doses
of 135 mg/m2 to 200 mg/m2, paclitaxel demonstrated response rates in the 25%
range (27), with a median survival of 24–40 wk, and 1-yr survival of 40% in pre-
viously untreated patients (28). Newer weekly schedules have shown a reduction
in many of the nonhematologic toxicities while maintaining a 39% response rate
in a phase II trial (29).

Paclitaxel was studied in combination with cisplatin based on its single-agent
activity. The Eastern Cooperative Oncology Group (ECOG) performed a large
randomized phase III trial (30) comparing its standard regimen of cisplatin and
etoposide (C/E) with cisplatin and paclitaxel (C/P). The paclitaxel was given
over 24 h at one of two doses: either 135 mg/m2, or a higher dose of 250 mg/m2

with G-CSF support. Response rates were superior for the paclitaxel combina-
tion at 26% and 31% for the lower and higher doses, respectively, compared to
12% for the C/E regimen. Survival was also superior to C/E when the C/P arms
were pooled at 9.6 and 10.1 mo for the low- and higher-dose paclitaxel, vs 7.4
mo for C/E. The 1-yr survival rate was also improved with the C/P regimens. This
trial established cisplatin-paclitaxel as one of the standard options for advanced
NSCLC, but this regimen has not been actively pursued. Interestingly, when the
C/P combination was compared to single-agent cisplatin alone in a European
randomized trial, no significant improvement in survival was observed (31).
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In an attempt to reduce toxicities, carboplatin was substituted for cisplatin in
combination with paclitaxel in a regimen first reported out of Fox Chase by Dr.
Langer and colleagues (32). Their phase I/II trial demonstrated an encouraging
62% response rate with a 53-wk median survival. They gave carboplatin at an
AUC of 7.5, with paclitaxel doses up to 215 mg/m2 over 24 h and G-CSF support
if necessary. A similarly designed phase II trial by Dr. Johnson and colleagues
out of Vanderbilt found a lower response rate at 27% for this regimen with a median
survival of only 38 wk and a 37% 1-yr survival (33).

Other investigators have studied this combination, and a trial from UCLA
gave carboplatin for an AUC of 6 and paclitaxel 225 mg/m2 over 3 h and found
a response rate of 62% with good tolerability (34). Based on these results, phase
III trials evaluating the role of the carboplatin/paclitaxel regimen have been per-
formed. Dr. Belani at the University of Pittsburgh performed a randomized phase
III trial comparing a 3-h paclitaxel and carboplatin (Ca/P) regimen with a stan-
dard arm of cisplatin and etoposide (C/E) (35). This trial of 369 patients demon-
strated a superior response for Ca/P at 23% compared to 14% for C/E, but sur-
vival actually favored the C/E arm at 9.1 mo vs 7.7 mo for Ca/P, a nonsignificant
difference. The 1-yr survival rate was also not significantly different in this trial.
It remains unclear whether second-line therapy clouded the survival results of
this study. Nonetheless, the regimen of carboplatin and paclitaxel has become one
widely accepted community standard for the management of advanced NSCLC,
and does offer a significant advancement in delivering effective chemotherapy
to these patients without the inherent toxicities observed with cisplatin-based
therapy. The peripheral neuropathy of this regimen, however, remains problem-
atic in many patients.

2.3. Gemcitabine
Gemcitabine is a nucleoside analog that exhibits antitumor activity. Gemcita-

bine exhibits cell-phase specificity, primarily killing cells undergoing DNA syn-
thesis (S-phase), and also blocking the progression of cells through the G1/S-
phase boundary. Gemcitabine is metabolized intracellularly by nucleoside kinases
to the active diphosphate and triphosphate nucleosides. The cytotoxic effect of
gemcitabine is attributed to a combination of the two actions of these compounds,
leading to inhibition of DNA synthesis. The typical half-life of gemcitabine is
42–94 min (36).

Myelosuppression is the principal dose-limiting toxicity with gemcitabine
administration. Initial human studies investigated a dose of 1,000 mg/m2 given as
a 30-min infusion. At this dose, approx 60–70% of patients will experience some
myelosuppression with weekly gemcitabine. However, only 10–20% of patients
will have grade 3–4 hematologic toxicity at these standard doses. Leukopenia and
neutropenia appear to be more common than anemia or thrombocytopenia, but each
of these have been described. Other side effects observed in initial studies in-
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clude elevated liver function, including transaminases and/or bilirubin, and nausea
and vomiting occurring in 10–15% of patients at grade 3–4 level. No other grade
3–4 toxicities have occurred in greater than 10% of patients at standard doses (37).

Gemcitabine has been studied in advanced NSCLC, both as a single agent and
in combination with cisplatin or carboplatin. As a single agent in previously
untreated patients, gemcitabine has shown activity in the 20–25% range with
median survival of approx 9 mo (38). Patients who received prior chemotherapy
with platinum analogs who received gemcitabine as a second-line agent have
also been noted to have response rates in the 15–20% range with median survival
times of 6–9 mo (39). Gemcitabine in combination with cisplatin has demonstrated
response rates in the 30–50% range, with median survival approaching 1 yr in
several studies. Principal toxicities with these combinations have included myelo-
suppression, with grade 3–4 neutropenia and thrombocytopenia occurring in
about 50% of patients (40). A recent study demonstrated that the combination of
gemcitabine (1000 mg/m2 on d 1, 8, and 15) and cisplatin (100 mg/m2 on d 1)
given every 28 d provided an increased response rate (31% vs 12%) and improved
median survival (9.1 vs 7.6 mo) when compared to single-agent cisplatin (41).
This trial helped demonstrate the additive benefit of gemcitabine in NSCLC.
Again, this trial established the gemcitabine and cisplatin combination as another
acceptable standard for managing advanced NSCLC.

The carboplatin-gemcitabine combination regimen has also been studied
in advanced NSCLC. In a phase I trial, carboplatin was given on d 1 at a dose to
achieve an AUC of 4–5.2 given every 21 d, and gemcitabine was administered
at doses of 800–1200 mg/m2 on d 1 and 8. In this trial, neutropenia was the dose-
limiting toxicity (42). A second phase I trial escalated carboplatin to an AUC of
5.2 every 28 d with gemcitabine at 1000 mg/m2 on d 1, 8, and 15. This study found
myelosuppression to be dose-limiting, with two patients having grade 4 neutro-
penia and two of nine patients treated at this dose having grade 4 thrombocytope-
nia. A 33% response rate was observed for all evaluable patients (43). Finally,
a European study administered carboplatin at an AUC of 5 on d 8 with gemcita-
bine on d 1 and 8 every 28 d, escalated to 1200 mg/m2 with 1100 mg/m2 identified
as the maximum tolerated dose (44). This study showed a 50% response rate in
stage III–IV NSCLC, with a median survival of 16 mo. This newer noncisplatin
combination appears to have promising activity, with very manageable toxicity.
This combination forms the basis of an ongoing trial of induction chemotherapy
for stage III NSCLC at Northwestern University and Evanston Northwestern
Healthcare, with carboplatin at an AUC of 5 on d 1 and gemcitabine at 1000 mg/
m2 on d 1 and 8 on a 21-d schedule.

2.4. Docetaxel
Docetaxel is another taxane that stabilizes microtubules and has proven activ-

ity as a single agent in advanced NSCLC. The optimal dose of docetaxel as a
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single agent appears to be 100 mg/m2 every 3 wk, but other doses and schedules
are being investigated, including weekly administration (45) and possible dose
escalation with G-CSF support (46). Early phase II trials as a single agent in pre-
viously untreated advanced NSCLC showed response rates in the 20–30% range.
In four separate trials, 158 patients were treated, with an overall response rate of
29% and a median survival of 9 mo and a 1-yr survival rate of 39%. The principal
toxicity observed in these patients has been myelosuppression, with neutropenia
seen in a majority of cases and approx 19% of patients suffering neutropenic fever
(47). Fluid retention was reported in early trials, but has been overcome by the
use of steroid premedication. Asthenia or fatigue is another commonly described
toxicity. However, the peripheral neuropathy seen with paclitaxel is rarely reported
with docetaxel.

Because of its activity as a single agent, docetaxel has been combined with
platinum compounds in an attempt to improve response rates and survival. A
phase II trial of docetaxel and cisplatin at the University of Pittsburgh gave doce-
taxel at 75 mg/m2 and cisplatin at 75 mg/m2 to 47 previously untreated patients
(48). This combination produced a 32% response rate in these patients, with a
median survival of 11.5 mo. Nine percent of patients experienced neutropenic
fever in this trial. Other studies have yielded similar results, including a French
trial using docetaxel 75 mg/m2 and cisplatin 100 mg/m2 (49). This study showed
a response rate of 33% in 51 patients, and a median survival of 8 mo, with 15%
of patients experiencing neutropenic fever.

In an effort to eliminate the inconvenience and toxicities of cisplatin, studies
have been performed that incorporate carboplatin with docetaxel. Initially, a
phase I trial showed the maximum tolerated dose of docetaxel to be 90 mg/m2

every 3 wk in combination with carboplatin at an AUC of 6 (50). A subsequent
phase II trial of 33 patients with good performance status and no prior chemo-
therapy used a slightly lower dose of 80 mg/m2 of docetaxel. This study showed
a 48% response rate, with neutropenia occurring in 48% of cycles and neutro-
penic fever in 7% of cycles. Nonhematologic toxicities in this study were limited
to myalgia, arthralgia, and asthenia. Survival has not been reported, but this also
appears to be a promising new alternative (51).

2.5. Irinotecan
Irinotecan (CPT-11) is a camptothecin that acts as a topoisomerase I inhibitor.

The inhibition of this enzyme interferes with DNA winding and unwinding, and
leads to preferential cytotoxicity in tumor cells. Early trials showed single-agent
activity for irinotecan in NSCLC. Phase II trials of irinotecan at 100 mg/m2/wk
have demonstrated a response rate of 32% (52), with myelosuppression and
diarrhea as the most frequently occuring toxicities (53). Subsequent trials added
cisplatin (80 mg/m2) to irinotecan 60 mg/m2 on d 1, 8, and 15 every 28 d, with
a response rate of 29%—again with nausea, vomiting, neutropenia, and diarrhea
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as the dose-limiting toxicities, and a median survival of 9.9 mo (54). Further inves-
tigation of irinotecan in combination regimens is underway. Topotecan, another
camptothecin that works as a topoisomerase-I inhibitor, has been shown to have
minor activity in advanced NSCLC, but this appears to be limited to patients with
squamous histology, and further investigation in NSCLC appears limited (55).

3. RANDOMIZED TRIALS OF NEW AGENTS

Randomized trials directly comparing these new drugs for NSCLC are few.
One SWOG trial randomized patients to the standard arm of cisplatin and vino-
relbine (C/V) vs the experimental arm of carboplatin and paclitaxel (Ca/P) (56).
This trial included 410 patients with stage IIIB (12%) or IV (88%) NSCLC and
good performance status, and found an equivalent response rate (27% for both
C/V and Ca/P) and median survival (8 mo) for both regimens. Fewer patients on
the C/V arm were able to complete the prescribed six cycles of chemotherapy
(15% vs 23% for Ca/P), although the actual quality-of-life scores recorded favored
the C/V regimen, with approx 60% of patients completing these questionnaires.
There was more grade 3 nausea (17% vs 6%) and grade 4 neutropenia (47% vs
36%) in the C/V arm, but less peripheral neuropathy (3% vs 8%) than in the Ca/P
arm. This trial suggests that these two regimens are equally efficacious, but that
patients may tolerate Ca/P therapy better. Yet the study still failed to establish
a standard regimen in terms of overall survival or quality of life, and both of these
regimens require further study. Ideally, this trial would have employed the same
platinum agent (either cisplatin or carboplatin) in each arm for a more meaning-
ful comparison of the two new drugs (paclitaxel and vinorelbine).

Another randomized trial of interest that recently completed accrual is the
Eastern Cooperative Oncology Group trial 1594, comparing the ECOG standard
regimen of cisplatin and paclitaxel (C/P) to cisplatin and gemcitabine (C/G), cis-
platin and docetaxel (C/D), or carboplatin and paclitaxel (Ca/P). This study closed
early to accrual for performance status 2 patients because of early toxicities, and
results for this subset of patients have been reported in abstract form (57). This
small group of 66 patients with PS of 2 showed a statistically significantly lower
rate of grade 3–5 toxicity on the Ca/P arm (55%) of the study compared to the
other regimens: 88% for C/P, 84% for C/G, and 84% for C/D. Response rate and
survival favored the C/G regimen in this small group of patients, although the over-
all results of this trial—including the good-performance-status patients—still
has not been reported. ECOG is considering a randomized trial in PS 2 patients
using the Ca/P arm against a lower dose cisplatin-gemcitabine arm in this poor-
risk group.

Tirapazamine is an experimental agent shown to possess unique cytotoxic
activity against hypoxic cells in vitro by free-radical production, leading to DNA-
strand breakage (58). Preclinical data showed synergistic cytotoxicity with cis-
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platin. Phase II data on the cisplatin and tiripazamine combination demonstrated
response rates in the 23–29% range (59). Transient hearing loss, nausea, vomit-
ing, diarrhea, and myoclonus were the principal toxicities of this regimen, and
a randomized phase III trial has now been completed that revealed an improved
response rate (28% vs 14%) and median survival (8.2 vs 6.5 mo) for the combi-
nation over cisplatin alone (60).

Based on these data, it is impossible to define a true standard regimen for
advanced NSCLC. Rather, we can say that the new drugs—either alone or in com-
bination with a platinum agent—have significant activity and can serve as build-
ing blocks for future clinical trials. Nonetheless, toxicity remains significant with
platinum regimens, and despite improvements in supportive care, cisplatin-related
toxicities remain prohibitive. Further efforts to identify non-cisplatin-based che-
motherapy regimens with fewer side effects and better quality-of-life outcomes
must be considered a high priority in advanced NSCLC. More recently, the newer
drugs have been incorporated into novel non-platinum-containing regimens.
This has been pursued principally to avoid the severe toxicities—including nau-
sea, vomiting, fatigue, neurotoxicity, and ototoxicity, as well as the administra-
tion complexity—which can all be a strain on the quality of life of these patients.

4. NON-PLATINUM COMBINATIONS

A University of Chicago trial studied the combination of vinorelbine with ifos-
famide, each given on a unique d 1, 2, 3 schedule with G-CSF support in patients
with previously untreated, advanced NSCLC. This phase I study identified a
maximum tolerated dose (MTD) of 30 mg/m2/d of vinorelbine with 1.6 g/m2/d
of ifosfamide. Dose-limiting toxicity was neutropenia, and an overall 40% response
rate with a 50-wk median survival was seen in this study (61). Based on the favor-
able therapeutic index of this ifosfamide-vinorelbine combination and another
two-drug regimen ifosfamide-paclitaxel (62), and the preclinical evidence of a
vinorelbine-paclitaxel synergy (63), the University of Chicago completed a phase
I–II trial investigating the role of the three-drug regimen paclitaxel, ifosfamide,
and vinorelbine with G-CSF in advanced NSCLC (64). This trial showed only
a 17% response rate and a median survival of 6 mo, failing to suggest any bene-
fit (and parhaps a detrimental effect) in the combination of these three drugs
together. The MTD in this study included doses of vinorelbine (20 mg/m2 daily
× 3 every 21 d) and paclitaxel (135 mg/m2 every 21 d) below those commonly
used to treat advanced NSCLC. Perhaps these doses were below the minimum
effective dose for each agent. Further research must determine whether three-
drug regimens using the new chemotherapy agents are more active than two-drug
combinations. This question carries greater weight, given the previously men-
tioned randomized trials showing that two-drug combinations may be superior
to single agents.
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These and other trials will help define the optimal new regimens for future
phase III trials in the treatment of advanced NSCLC. The abundance of trials on
new drug combinations using these established agents precludes a comprehen-
sive discussion here, but Table 2 shows many of the new combinations under
investigation. These new non-platinum-containing regimens tend to have myelo-
suppression as the dose–limiting toxicity, and have shown response rates in the
20–40% range with median survival durations from 30–50 wk in early phase I
and phase II trials. Meaningful comparisons among the different regimens can-
not yet be made in the absence of phase III data. These new regimens may maxi-
mize palliative benefit and quality of life, if survival is comparable to platinum-
based therapy with diminished toxicity, as implied by one early randomized trial
(65). Ultimately, large, confirmatory randomized trials will be required to test
this hypothesis.

5. INVESTIGATIONAL AGENTS

Many investigational new agents have also been studied in early trials in
advanced NSCLC. Rhizoxin is a tubulin-binding agent that was found to possess
activity in a phase II trial. A 15% partial response rate was observed in 31 previ-
ously untreated NSCLC patients (76). Neutropenia and mucositis were the prin-
cipal toxicities observed in this trial, and further study is underway. Another new
drug, 9-aminocamptothecin (9-AC), which acts as a topoisomerase I inhibitor,
has also shown minor activity in NSCLC in a phase II trial. This study showed a
9% response rate in 38 patients, with a median survival of 40 wk (77). The need
for prolonged infusion times (72–96 h) and the apparent lack of superiority of this

Table 2
Non-Platinum New Drug

Combinations in Non-Small-Cell Lung Cancer

Combination Reference

Vinorelbine + ifosfamide 61
Vinorelbine + paclitaxel 66
Vinorelbine + docetaxel 67
Vinorelbine + gemcitabine 68
Vinorelbine + ifosfamide + gemcitabine 69
Paclitaxel + ifosfamide 70
Paclitaxel + gemcitabine 71
Paclitaxel + vinorelbine + ifosfamide 64
Gemcitabine + docetaxel 72
Gemcitabine + ifosfamide 73
Docetaxel + ifosfamide 74
Docetaxel + irinotecan 75
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drug over other available drugs may limit this drug’s future in advanced NSCLC.
Another interesting class of compounds is the farnesyltransferase inhibitors.
These agents disrupt the function of ras, an oncogene commonly seen in NSCLC.
Blocking the farnesylation step in this process may be an effective strategy to inhi-
bit tumor proliferation, invasion, and metastasis, as studied in a phase I trial (78).

Edatrexate is a methotrexate analog that acts as a folate antagonist and has
shown activity in NSCLC. Phase I and II trials identified mucositis as the dose-
limiting toxicity at doses of 80–100 mg/m2/wk (79). One trial of 20 previously
untreated patients with advanced NSCLC showed a 32% response rate with a
45-wk median survival (80). Dermatitis and myelosuppression were the main
toxicities observed in these patients. Unfortunately, a randomized trial of mito-
mycin and vinblastine with or without edatrexate failed to show any survival
advantage, with a median survival of 33 and 34 wk, respectively (81), dampening
most of the enthusiasm for this new drug.

The drug MTA (multitargeted anti-folate), a novel antifolate that acts at sev-
eral levels in folate metabolism, has shown promising and broad anti-tumor
activity in phase I trials (82). Neutropenia, fatigue, anorexia, and nausea were the
principal toxicities seen. A trial in advanced NSCLC showed a 23% single-agent
response rate with myelosuppression, lethargy, and skin rash as the dose-limit-
ing toxicities (83). Overall survival in this study was encouraging at 9.6 mo, and
this drug is now being investigated in combination with cisplatin (84).

6. BIOLOGIC AGENTS

Biologic agents represent another area of active interest in lung-cancer ther-
apy. The biologic response modifiers have been studied in various settings in
advanced NSCLC. The goal of adding these drugs would be to augment the sys-
temic immune response against lung-cancer cells to help fight the disease. Clini-
cal support for this theoretical concept came from studies suggesting improved
survival with the addition of the immunostimulant (BCG) into the pleural space
postoperatively in early-stage NSCLC (85). Subsequent trials investigated the role
of interferons as single agents in advanced NSCLC, but did not demonstrate sig-
nificant efficacy (86). Further attempts to add interferon to chemotherapy sug-
gested a possible improvement in response rate—22% for cyclophosphamide,
epirubicin, and cisplatin plus interferon—vs 11% for chemotherapy alone (87),
but no improvement in survival was noted (27 wk vs 25 wk in 182 patients). The
concept remains of interest, however, with a recent phase II trial of interferon
with cisplatin and etoposide in advanced NSCLC showing a 34% response rate
with a median survival of 11 mo (88).

Similarly the interleukins (IL) have been investigated for their reported ability
to augment the immune response, and the documented activity of IL-2 in tumors
such as metastatic melanoma and renal cell carcinoma (RCC). Nonetheless the
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toxicities can be severe. IL-2 has been studied in small trials with no promising
single-agent activity and no objective responses in seven NSCLC patients (89).
A trial combining IL-2 with interferon beta showed only a 4% response rate and
a median survival of 36 wk (90). Finally, a multi-institutional trial of sc IL-4 in
previously treated NSCLC patients failed to show encouraging activity, with
a 4% response rate (91). Again, it appears the future of IL in advanced NSCLC
may only be of interest in combination trials, perhaps with other standard che-
motherapy agents.

Retinoids have also been investigated in NSCLC. Originally studied as a che-
mopreventive drug for head and neck malignancies and for treatment of prema-
lignant oral lesions (92), these agents have been tested in advanced NSCLC as
well. Several phase II trials failed to show response rates greater than 10% with
13 cis-retinoic acid (4%) (93) or all-trans-retinoic acid (7%) (94). The future of
these biologic agents remains unclear, but is likely limited to combination therapy
with other cytotoxic compounds, or as maintenance therapy after completing
more definitive treatment. A randomized trial of cis-retinoic acid vs placebo to pre-
vent second primary lung cancers has completed accrual, with survival results
pending (95).

Angiogenesis inhibitors represent another fascinating area of research in the
treatment of advanced NSCLC. Although many of these compounds have yet to
make it into clinical trials, one class of drugs called the matrix metalloproteinase
inhibitors (MMPI) have recently been incorporated into the clinical arena. The
MMPIs work through the inhibition of metalloproteinases, enzymes that tumors
require for growth, invasion, and metastasis. Preventing the breakdown of basement
membranes and the extracellular matrix by these enzymes may slow the growth
or malignant potential of tumors, and this has been the rationale for the devel-
opment of these agents. Early data have suggested that treatment of murine lung-
cancer models with MMPIs can delay metastatic progression (96). This theory is
being investigated in various settings, including patients with locally advanced
or metastatic NSCLC, with the MMPI administered either as maintenance therapy
or together with chemotherapy. Early results suggest good tolerability of this
therapy (97).

Anti-tumor antibodies have also come into testing for advanced NSCLC. Stud-
ies have documented increased expression of HER-2/neu by approx 25% of lung
cancers (98). The efficacy of the monoclonal antibody (MAb) trastuzumab (Her-
ceptinR) in the treatment of metastatic breast-cancer patients whose tumors over-
express HER-2/neu (99), has led to clinical trials to evaluate the role of this antibody
alone and/or in combination with chemotherapy in lung-cancer patients with
HER-2 overexpression. Antibodies have also been developed against the angio-
genic factor VEGF (vascular endothelial growth factor), a factor whose expres-
sion may correlate with a worse survival in NSCLC (100). Preclinical and phase
I trials have shown anti-tumor activity alone or in combination with chemother-
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apy (101), and ongoing phase II trials will investigate the clinical effectiveness of
this antibody in various VEGF-overexpressing tumor types. It remains to be deter-
mined what role these antibodies will have in NSCLC, and in what setting their
utility will prove optimal: whether as single agents or in combinations; as active
therapy or maintenance therapy. Nevertheless, anti-tumor antibodies represent
an important step forward in the development and implementation of new classes
of agents in metastatic NSCLC.

Gene therapy represents another interesting new concept for NSCLC. Gene
manipulation can be implemented through a variety of strategies. One possibility
is to transfer genes into malignant lung-cancer cells through viral vectors, hoping
to block oncogenes (thereby decreasing growth potential) or replace tumor-sup-
pressor genes (thereby resuming normal apoptosis or programmed cell death).
This approach has been investigated clinically by taking advantage of the fact
that most lung cancers have mutated p53 tumor-suppressor genes (102). Swisher
and colleagues administered an adenovirus vector containing wild-type p53 to
28 patients with refractory NSCLC (103). Intratumoral injections were given
monthly, and polymerase chain reaction (PCR) analysis showed that 86% of
patients had the vector incorporated into the tumor DNA. Posttreatment biopsies
showed apoptosis in 11 patients. They observed minimal toxicity, and partial
responses were seen in 8%, with stabilization in 64% of patients. This technique
will now be studied with concurrent chemotherapy and possibly radiation (104).
Endobronchial administration of p53-containing liposomes may be an alternative
delivery method for early-stage lung cancer (105). This technique was employed
in mice bearing endobronchial lung tumors, with a doubling of survival over
untreated controls, and ongoing trials are investigating its role in NSCLC patients.

Other gene therapy strategies include anti-sense therapy that allows cells to
produce DNA or RNA which is complementary to the messenger RNA of can-
cer-promoting oncogenes. Preclinical trials have shown the ability of this tech-
nique to inhibit translation, thus retarding tumor progression (106). Another option
is pro-drug therapy, whereby tumors are transduced with a gene that allows
conversion of an innocuous pro-drug into a cytotoxic metabolite in cancer cells,
hopefully allowing the transfected tumor cell and surrounding bystander tumor
cells to be killed (107).

Finally, is the possibility of using gene therapy to produce a systemic anti-
tumor response, a necessity if gene therapy is to play a meaningful role in a sys-
temic disease such as lung cancer. This technique would ideally allow tumor
cells to more effectively present their tumor antigens to the body’s own immune
system, thus providing an opportunity to develop immunotherapeutic targets for
the rapidly expanding array of available cytokines. This approach has been investi-
gated with intratumoral injections of fibroblasts or dendritic cells with genes that
may invoke systemic tumor-specific immunity (108). Again, the limiting factor in
gene-based therapy has been the failure to provide a mechanism for a systemically
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active treatment rather than relying on site-specific injections or mere bystander
cytotoxicity.

7. QUALITY OF LIFE

Quality-of-life analysis has been seriously neglected in studies of advanced
NSCLC. While there is substantial evidence that chemotherapy can offer a sur-
vival benefit to these patients over supportive care alone, relatively few studies
have examined the impact of chemotherapy on overall quality of life. One retro-
spective analysis showed that patients randomized to chemotherapy had fewer
total hospital admissions and fewer total hospital days than patients receiving
supportive care alone, suggesting that there may in fact be a true improvement
in overall quality of life with chemotherapy (7). Recent clinical trials have pro-
spectively investigated the quality of life of patients undergoing chemotherapy
for NSCLC. An improvent of quality of life with chemotherapy has been con-
firmed in recent trials of chemotherapy vs supportive care alone, including a trial
in elderly lung-cancer patients randomized to vinorelbine vs supportive care (17),
or to second-line chemotherapy with docetaxel versus supportive care alone (109).

These studies have employed various tools to study quality of life. A short ques-
tionnaire developed by Dr. David Cella called the FACT-L (Functional Assess-
ment of Cancer Therapy—Lung Cancer) is a quality-of-life survey geared toward
lung-cancer patients. This questionnaire assesses physical, emotional, and psy-
chosocial well-being, as well as specific symptoms related to lung cancer, such
as pain, shortness of breath, and cough. This survey has been employed in large
Phase III trials, which have validated its accuracy in documenting baseline qual-
ity of life and quality-of-life changes during therapy (110). The FACT-L, as well
as the FACT-Fatigue, have now become standard tools for measuring quality of
life in lung-cancer patients undergoing chemotherapy, and will continue to be
implemented in large randomized trials for patients in whom palliation of symp-
toms (i.e., quality of life) is a major goal.

Other advances have improved our ability to administer chemotherapy more
safely and effectively to patients with advanced NSCLC. The principal toxicity
of many of the newer drugs is myelosuppression, and granulocyte-colony stimu-
lating factor (G-CSF) has shown an ability to reduce neutropenic complications
of chemotherapy, allowing full (or more intensive) chemotherapy doses of mye-
losuppressive drugs to be administered (111). The ultimate role of dose escala-
tion, however, remains unclear.

The development of the serotonin-receptor antagonists such as ondansetron
and granisetron has permitted a marked reduction in chemotherapy-induced
nausea and emesis, a common side effect of cisplatin-based chemotherapy (112).
Likewise, other supportive agents may help alleviate the nephrotoxicity associ-
ated with cisplatin regimens. Amifostine, when given with traditional chemother-
apy, is selectively taken up by normal tissue, and may provide protection against
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a number of chemotherapy or radiation-related side effects including nephro-
pathy, neuropathy, neutropenia, thrombocytopenia, and esophagitis (113). The
impact of this drug on the overall management of NSCLC, and whether the inher-
ent toxicities of this drug (hypotension, nausea, vomiting, and hypocalcemia) will
be offset by a clinically relevant reduction of other chemotherapy-related toxici-
ties and/or improved treatment efficacy have yet to be determined.

8. CONCLUSION

In summary, there are a host of effective new options in the management of
advanced NSCLC. The new chemotherapy agents offer equally or more effective
palliation, with reduced toxicity and a more favorable therapeutic index. These
drugs have shown versatility in their use as single agents, in combination with plat-
inum agents, and in novel new-drug regimens. Other more innovative strategies
may further broaden our ability to effectively treat these patients and expand our
current ability to control disease, palliate symptoms, prolong survival, and improve
overall quality of life. Ultimately, a number of questions remain to be answered:

1. Are combination regimens superior to single-agent therapy?
2. Are three-drug combinations (or four) better than two, and does dose intensity

have a role in advanced NSCLC?
3. Are platinum compounds necessary, and if so, which is superior, cisplatin or

carboplatin?
4. Which of the new chemotherapy drugs is most effective?
5. Is there a role for sequential administration of chemotherapy drugs, or should they

be administered in combination regimens?
6. What role will the new anti-angiogenesis agents, immune modulators, anti-inva-

sion compounds, and genetic interventions play, either alone or in combination
with more standard therapy?

7. Can other supportive measures enhance our ability to deliver this toxic therapy?
8. How can we increase enrollment on clinical trials to answer these questions?
9. How do we best allocate patients to phase I, II and III clinical trials to answer these

complex questions?

Perhaps future editions of this book will elaborate on these critical issues. In
the meantime, a strong commitment by managing physicians to enroll patients
in clinical trials will allow us to continue to pursue these questions in order to
improve treatment options for patients with advanced NSCLC.
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1. INTRODUCTION

Small-cell lung cancer (SCLC) represents a distinct clinicopathologic entity
that is biologically and clinically distinct from non-small-cell lung cancer
(NSCLC). It is distinguished by its rapid growth characteristics, accompanied by
the early development of widespread metastases. Although SCLC is also extre-
mely sensitive to both chemotherapy and radiotherapy, relapse usually occurs,
despite treatment within 2 yr. Overall long-term survival continues to be dismal,
with poor 5-yr survival rates of approx 3–8% (1).
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2. ETIOLOGY AND EPIDEMIOLOGY

There will be 164,000 new cases of lung cancer in the United States diagnosed
annually, of which SCLC represents 20–25% of cases (2). Of the 160,000 deaths
caused annually by lung cancer, about 40,000 are estimated to be the result of
SCLC. Historically, lung cancer was predominantly diagnosed in men, but the
increase in smoking among women has resulted in an estimated male-to-female
prevalence ratio of 1.2:1.0. (3)

Cigarette smoking is the primary risk factor for SCLC, accounting for more than
90% of cases (4). In one series, only 2% of 500 SCLC patients had no smoking
history (5). SCLC is also the most common histologic subtype among uranium
miners, probably because of exposure to radioactive radon, which is a byproduct
of uranium decay (6).

3. PATHOLOGY

The majority of SCLCs are centrally located, presenting in the main stem or
lobar bronchii. They arise in the peribronchial tissues and infiltrate the bronchial
submucosa. They are believed to arise from basal neuroendocrine or Kulchitsky
cells, which are relatively rare in the adult lung, but commonly found in the fetal
lung. SCLC is characterized by the proliferation of highly malignant cells of
small size (2–3 times the size of mature lymphocytes). They contain heterochro-
matic nuclei, with finely dispersed chromatin, indistinct nucleoli, and scanty
cytoplasm. The nucleus of these cells conforms to the cytoplasm of adjacent cells
in well-preserved specimens. However, there is often extensive smearing of the
fine chromatin of these delicate cells, producing a characteristic “crush” artifact
in poorly preserved specimens. Mitotic figures are common, and the tumor grows
in sheets without a specific pattern.

3.1. Pathologic Classification
The World Health Organization Classification divides SCLC into classic “oat

cell,” intermediate cell, and combined (SCLC with squamous or adenocarci-
noma) subtypes (7). The oat-cell type consists of uniform small cells with dense
round or oval nuclei, diffuse chromatin, indistinct nucleoli, and sparse cyto-
plasm, growing in sheets or nests in a sparse connective-tissue stroma. The inter-
mediate cell type comprises less uniform polygonal or fusiform cells, which are
larger in size, possess more cytoplasm, and display rosette formation. Mixtures
of oat cells and intermediate cells are frequently present in the same tumor.
Current studies indicate that there are no differences between oat-cell and inter-
mediate-cell subtype with regard to disease stage, metastatic potential, response
to therapy, or survival (6,8–10).

The lack of significant clinical, biologic, or ultrastructural differences between
the oat-cell and intermediate-cell subtype differentiation led to the proposal of
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a new classification by a special panel convened by the International Association
for the Study of Lung Cancer (IASLC). In this new classification, SCLCs were
divided into: small-cell carcinoma (combined oat-cell and intermediate-cell);
mixed (small-cell and large-cell components) type; and combined small-cell
carcinoma (small-cell with a component of squamous or adenocarcinoma cells)
type. Both the latter types are much less common histologic subtypes (11).

The mixed type comprises 4% or more of SCLCs. Single-institution studies
have reported a lower response rate to chemotherapy and a lower survival com-
pared to “pure” small-cell subtypes with this subtype (10,12), although this claim
could not be confirmed in the cooperative group setting (13). The other variant that
has been described is combined small-cell with either squamous cell or adenocar-
cinoma (14). In one series, tumors with this subtype tended to be more localized,
were occasionally resectable, and seemed to have a better prognosis.

3.2. Molecular Abnormalities in SCLC
Abnormalities in oncogenes and tumor-suppressor genes have been implicated

in the pathogenesis of SCLC (Table 1). Amplification of the c-myc oncogene has
been observed in classic and variant SCLC cell lines (15,16). Amplification of
N-myc and L-myc genes has been detected in biopsy specimens (17). Analysis
has revealed heterogeneous amplification and rearrangement of the myc genes
with resultant over-expression (18). The frequency of abnormal expression in
SCLC varies from 10–40%. Studies have associated c-myc amplification with an
adverse affect on survival (17,19,20). Overexpression is more frequent in cell
lines from patients with relapsed diseases than in patients with untreated disease
(21). Abnormal expression of K-ras, HER-2/neu, and BCL-2 oncogenes has not
been associated with SCLC.

Allelic loss on the short arm of chromosome 3 has been observed in more than
90% of cases of SCLC (22). Putative candidate tumor-suppressor genes from

Table 1
Common Molecular and Genetic Abnormalities in SCLC

Genes           Mutation Frequency

MYC DNA amplification, 10–40%
c-myc overexpression
N-myc
L-myc

3p (? FHIT) Deletion 90%
RB Deletion, phosphorylation, 90%

altered protein expression
P53 Deletion, point mutation, 80%

overexpression
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this site are the c-raf-1 proto-oncogene (23), the protein-tyrosine phosphatase-
γ gene (26), the β-retinoic-acid receptor gene (25). The FHIT (fragile-histidine
triad) gene (24) has been localized to 3p14.2, and approx 80% of tumors showed
abnormalities of this gene in this study. Loss of the FHIT gene could result in
accumulation of diadenosine tetraphosphate, which in turn could lead to stimu-
lation of DNA synthesis and proliferation (24). Rearrangement of chromosome
13, where the retinoblastoma (Rb) locus is located at 13q14.11, is commonly seen
in SCLC cell lines (27). Up to 70% of SCLC cell lines have a Rb gene structural
abnormality or abnormal mRNA expression (28). Absent expression, hypophos-
phorylation, or deletion/mutation of the pocket domain may be involved (29–32).
Mutations in p53, located at chromosome 17p13.1, may be present in up to 80%
of SCLC tumors (33). Loss of heterozygosity was seen in 17 chromosomal regions
in SCLC cell lines, with clusters of tumor-suppressor genes inactivated together
in the same SCLC cell lines (34).

4. CLINICAL PRESENTATION

Most signs and symptoms in patients with SCLC are comparable to that of other
lung cancers, with the exception of certain less common paraneoplastic syn-
dromes (35). Because of the central location of the primary tumor, patients with
SCLC typically present with a cough, shortness of breath, hemoptysis, wheez-
ing, local chest pain, or postobstructive pneumonitis. Large hilar and mediastinal
adenopathy, pneumonitis, and atelectasis are more commonly detected in SCLC
than in NSCLC. Peripheral location, chest-wall involvement, and pleural effu-
sions are less common than in NSCLC (35–37). Cavitation is very rare. A small
cohort of patients with SCLC occasionally present as an apparent solitary pulmo-
nary nodule.

Hemoptysis is less common in SCLC because the tumors tend to arise sub-
mucosally. Mediastinal tumor extension is almost invariable, and is responsible
for the development of regional symptoms, including the superior venal cava
(SVC) syndrome. This syndrome results from extrinsic superior vena caval com-
pression and secondary intraluminal thrombosis, and is associated with initial
presentation in approx 10% of cases. Survival does not appear to be significantly
compromised by the presence of SVC syndrome (38). Voice hoarseness may occur
with recurrent laryngeal nerve compression.

A high rate of tumor proliferation is associated with a shorter interval from
symptoms to diagnosis (34), and a shorter interval from diagnosis to death (39)
in untreated patients. In the majority of cases, a systemic dissemination of the
tumor is already present at the time of clinical diagnosis. Autopsy data from 19
patients with SCLC who had succumbed to noncancer-related death less than
30 d following apparent curative resection revealed the presence of metastatic
disease in 69% of cases, and 63% were being distant metastases (40). In the same
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series, the rates for distant metastases were 17% in patients with squamous-cell
carcinoma (SCC), 40% in patients with adenocarcinoma, and 14% in patients
with large-cell carcinoma (LCC).

Commonly involved sites of metastatic involvement include the bones, liver,
central nervous system (CNS), adrenal glands, and bone marrow. Hepatic meta-
stases result in laboratory abnormalities in 50–60% of cases, with severe impair-
ment in only a few cases. Jaundice may be present because of hepatic disease as
well as extrahepatic biliary compression by metastatic deposits. The common site
of CNS involvement is the brain, and the majority of patients have neurologic
symptoms. Bone metastases are usually not painful, and the occurrence of patho-
logic fractures is rare. Extensive bone-marrow involvement results in cytopenias,
and patients require more red-blood-cell (RBC) transfusions during chemotherapy.

4.1. Paraneoplastic Syndromes in SCLC
The common paraneoplastic syndromes associated with SCLC include the syn-

drome of inappropriate antidiuretic hormone (SIADH), ectopic Cushing’s syn-
drome, Lambert-Eaton Myasthenic Syndrome (LEMS), and rare neurologic
syndromes, including subacute peripheral neuropathy, cerebellar ataxia (41),
and retinal degeneration (42). SCLC is frequently associated with the production
of elevated polypeptide hormones, although the clinical syndrome associated
with these hormones is much less common. In a large series, 11% of the patients
had laboratory evidence of SIADH at presentation, but only 27% of the patients
were symptomatic because of hyponatremia (43). SIADH was not related to
disease stage or prognosis. Deranged sodium hemostasis may also be secondary
to elevated levels of atrial natriuretic factor with normal antidiuretic hormone
(ADH) levels (44). Clinically evident ectopic Cushing’s syndrome was present
at diagnosis in 2.4% of patients in a recent series, and was associated with short
survival and a higher infection rate believed to be associated with excessive cor-
ticosteroid secretion (44). SCLC is the most common malignancy associated
with LEMS, with manifestations present prior to the diagnosis of cancer itself.
LEMS is caused by immunologic crossreactivity between tumor-associated anti-
gens and calcium-gated ion channels. All the neurologic syndromes are believed
to have an autoimmune basis, and generally continue on a clinical course unre-
lated to that of the underlying cancer. However, the endocrinologic syndromes
related to peptide production usually abate after effective therapy of the cancer
begins (45).

4.2. Extrapulmonary Disease
In about 4% of cases, patients with SCLC have no obvious primary pulmonary

tumor, and no hilar or mediastinal adenopathy (46). A small fraction of these
patients present with either nodal or visceral metastases, but with no evident pri-
mary site. More commonly, there are obvious primary sites for extrapulmonary
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tumors arising in the uterine cervix, esophagus, larynx, pharynx, colon, rectum,
prostate, and paranasal sinuses. Histologically, these tumors often resemble SCLC,
and they often have neurosecretory granules. They behave aggressively, and are
usually treated with chemotherapy regimens similar to SCLC. However, there
is little question that these neoplasms represent a heterogeneous group of tumors.

5. STAGING EVALUATION

Accurate staging of SCLC is challenging because of its tendency to dissemi-
nate early and its association with paraneoplastic syndromes. Despite a role for
surgery in the management of certain cases of early SCLC, the primary therapeu-
tic modality in SCLC almost invariably involves chemotherapy. As such, investi-
gators have favored the utilization of a simple two-stage system developed by the
Veterans Administration Lung Group (VALG) (39), in contrast to the Tumor,
Node and Metastasis (TNM) system more commonly used for NSCLC.

The VALG system is recognized as an independent prognostic indicator in
clinical studies (47,48). It divides patients into one of two stages: limited disease
or extensive disease. Limited disease is defined as disease confined to the hemi-
thorax of origin along with the involved regional lymph nodes (hilar and medi-
astinal), with or without ipsilateral supraclavicular lymph nodes. Limited disease
is traditionally that which can be incorporated within a single radiation portal,
and may thus include patients with contralateral mediastinal or hilar lymph nodes.
In general, it corresponds to ISS stages I–IIIB. Extensive disease refers to overt
extrathoracic metastatic disease, and approx 70% of patients with SCLC present
with this stage at diagnosis. The presence of an ipsilateral malignant pleural
effusion is generally considered extensive-stage disease (39,49). The determi-
nation of disease stage is of clear prognostic significance, and identifies a subset
of patients who would be eligible to receive thoracic irradiation as a component
of their treatment plan.

Diagnosis is usually made after material suitable for histologic or cytologic
analysis is obtained via bronchoscopy, fine-needle aspiration, or mediastinos-
copy. Evaluation of the primary tumor and nodal involvement can initially be
done with chest radiographs and bronchoscopy with washings and biopsy. Chest
computed tomography (CT) scans provide a precise determination of the extent
of parenchymal, mediastinal, and pleural disease. After completion of staging,
about one-third of patients will have limited disease, and the rest will have
extensive disease. CT scanning of the upper abdomen with attention focused on
the liver and adrenals is indicated, although significant numbers of normal adre-
nal glands through CT imaging may have metastatic disease upon biopsy (50).
Radionuclide bone scans can identify sites of osseous metastases, with skeletal
radiographs utilized in excluding benign bone and joint disease. CT scanning of
the brain is indicated in patients with neurologic symptoms. Routine screening
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with CT of the brain at diagnosis in asymptomatic patients is advocated by some,
although there is no evidence that detection of brain metastases in these patients
results in better survival compared to patients with neurologic symptoms (51,52).
All asymptomatic patients should have CT scans of the brain if prophylactic
cranial irradiation is planned. Magnetic resonance imaging (MRI) is useful in the
resolution of lesions with difficult identification upon CT.

Routine bone-marrow aspiration and biopsy are performed as part of the
initial evaluation of SCLC. Outside of clinical trials, routine bone-marrow aspi-
ration and biopsy are not mandatory in patients without cytopenias or elevated
lactate dehydrogenase levels (53–55). However, bone-marrow involvement may
be present despite the absence of cytopenias, and less than 5% of patients will
have bone-marrow involvement as the only site of metastasis. The performance
of bilateral bone-marrow biopsies increases the yield of positive involvement by
10% over that achieved by unilateral testing (56).

As SCLC progresses rapidly, staging should proceed expeditiously, and long
delays in initiating chemotherapy must be avoided. While extensive staging
procedures are often carried out, it is not clear whether there is any advantage in
conducting a more extensive staging than needed to document the presence of
ED. A possible exception is CT or MRI scanning of the brain, where early treat-
ment of brain metastases is associated with a reduced rate of chronic neurologic
disability.

6. PROGNOSTIC FACTORS

Adverse determinants of prognosis in SCLC in the host include a poor perfor-
mance status, weight loss, and male gender (49,57). The presence of overt distant
metastases is, by far, the worst prognostic feature. Among patients with exten-
sive disease, the presence of CNS or hepatic involvement is particularly unfavor-
able, compared to other sites of metastatic disease. Among patients with limited
disease, the absence of mediastinal and supraclavicular adenopathy is consid-
ered favorable. The presence of paraneoplastic syndromes is generally believed
to be associated with an adverse outcome. Elevations of lactate dehydrogenase
and alkaline phosphatase levels are considered unfavorable. Although the effect
of smoking cessation on prognosis is not firmly established, all patients should
be encouraged to quit smoking. Patients with tumors that upon initial chemo-
therapy administration have a particularly poor prognosis.

7. TREATMENT ASPECTS OF SCLC

In the treatment of limited SCLC, the overriding goals are that of local tumor
control and the treatment of micrometastatic disease. With the evolution of com-
bination chemotherapy regimens, complete remission rates continue to increase,
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but local recurrences remain a very common site of failure. The incorporation of
additional modalities of local therapy, including radiotherapy or surgery, there-
fore should always be considered. The effort to eradicate micrometastatic dis-
ease, except in the case of prophylactic cranial irradiation, has concentrated on
investigational schedules and intensities of chemotherapy itself, investigation of
newer immunologic approaches, and more recently, on the use of maintenance
therapy with new agents. Most current approaches therefore rely on integrated
multimodality therapy for the achievement of prolonged complete remissions.

This chapter focuses on the development and the current status of systemic
combination chemotherapy approaches in the management of SCLC. The role
of radiotherapy, surgery, and newer chemotherapeutic approaches are discussed
in Chapter 12.

8. HISTORICAL PERSPECTIVES

In all patients, SCLC is a systemic disease process early on in its development.
Thus, it is not surprising that historical experience has revealed the futility of
managing this disease with loco-regional modalities alone. Given the superior
responsiveness of all stages of SCLC to chemotherapy, it is natural that the main-
stay of therapeutic planning for all subsets of patients revolves around systemic
chemotherapy. As compared to NSCLC, there is a much higher level of respon-
siveness to chemotherapy in SCLC. Moreover, complete responses are quite com-
mon in SCLC when compared to NSCLC.

In a 1960s trial, conducted prior to the introduction of systemic chemotherapy
for SCLC, median survival for patients with unresectable, limited-stage disease
and patients with extensive disease was approx 12 wk and 5 wk, respectively
(58). A British study from the same era, in which 144 patients with apparently
resectable SCLC were randomized to either surgery or radiation therapy, demon-
strated that survival was extremely poor in both treatment arms. The median 1- and
5-yr survivals, were 6.5 mo, 21%, and 1% for those randomized to surgery. Among
those treated with definitive radiation, the figures were 10 mo, 22%, and 4%, respec-
tively (59). In recent years, thoracic irradiation alone is seldom administered,
and the impact of such therapy on outcomes is difficult to quantify.

In a single-institution report of patients seen between 1931–1971, only 7% had
resectable tumors, and only 2 patients survived for 5 yr (60). Similarly, among
368 surgically treated patients with SCLC in the 1960s, less than 1% survived
5 yr following resection (61). This contrasted with a 15–25% 5-yr survival for
the other three major histologic subtypes. A review of patients believed to have
surgically resectable SCLC could find absolutely no advantage for the inclusion
of surgery in the treatment regimen (62).

The first report of an improvement in survival in SCLC with the use of che-
motherapy occurred in 1969. The Veterans Administration Lung Cancer Study
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Group trial showed that three cycles of cyclophosphamide could more than dou-
ble median survival when compared to supportive care alone in extensive SCLC
(63). Subsequently, data from many small studies showed that chemotherapy
could significantly improve survival at 2-yr follow-up when used in an adjuvant
fashion after surgical resection. Similarly, in randomized trials, the addition of
chemotherapy to thoracic irradiation improved median survival. The results of
these trials rapidly established combination chemotherapy as the mainstay of ther-
apy for both limited- and extensive-disease SCLC by the early 1970s.

9. CHEMOTHERAPEUTIC APPROACHES

9.1. Active Single Agents
Numerous single agents have demonstrated considerable activity in SCLC

(Table 2). The active single agents used in the earliest phase of the development
of combination chemotherapy included cyclophosphamide, mechlorethamine,
doxorubicin, methotrexate, etoposide, and vincristine. Of these, etoposide has an
impressive response rate of 40–80% in previously untreated patients (64,65), but
in the relapsed setting a large report showed only a 9% response rate (66). In the
1980s, cisplatin, ifosfamide, carboplatin, teniposide, epirubicin, and vindesine
were documented as having significant single-agent activity. Cisplatin was evalu-
ated as a single agent, mostly in previously treated patients, and has at least sim-
ilar response rates to carboplatin, which produced a 60% response rate in previously
treated patients in one study (67).

The 1990s have seen the introduction of a range of new chemotherapeu-
tic agents, including the topoisomerase I inhibitors topotecan and irinotecan, the
taxanes paclitaxel and docetaxel, vinorelbine, and gemcitabine as active single
agents in the therapy of SCLC. Topotecan has shown 39% and 25% response

Table 2
Chemotherapeutic Agents

with Documented Activity in SCLC

Older Agents Newer Agents

Cyclophosphamide Paclitaxel
Mechlorethamine Docetaxel
Doxorubicin Irinotecan
Methotrexate Topotecan
Etoposide Gemcitabine
Vincristine Vinorelbine
Cisplatin
Carboplatin
Ifosfamide
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rates among previously untreated and treated patients, respectively (68,69).
Irinotecan had response rates of 33–47% in previously treated patients and 50%
in untreated patients (70,71). Paclitaxel showed responses of 34–41% in untreated
patients in cooperative group phase II trials (72,73), while docetaxel showed a 25%
response rate in previously treated patients (74). Vinorelbine showed response
rates of 13–16% in two small trials (75,76). Gemcitabine had a 29% response rate
when evaluated in previously untreated patients (77).

Impressive response and survival rates have been reported with the use of sin-
gle-agent oral etoposide in elderly patients with extensive disease (78). Accord-
ingly, single-agent chemotherapy was considered as an option for elderly or
poor-performance-status patients. However, two recent randomized trials that
compared oral etoposide with intravenous (iv) multi-agent chemotherapy showed
that palliation of symptoms was equivalent or slightly worse with oral etoposide
(79,80). In addition, both trials showed a small but significant survival benefit
associated with multi-agent chemotherapy. Thus, combination chemotherapy
remains the standard of care for the vast majority of patients with SCLC.

9.2. Combination Chemotherapy
While few randomized trials have been conducted to address this point, the

results with combination chemotherapy appear to have significant advantages
compared to the results achievable with single-agent chemotherapy (81). In the
early 1980s, a consensus report concluded that optimal results in the treatment
of SCLC could only be achieved with the use of combination chemotherapy (82).
At the present time, the principle of the superiority of combination chemother-
apy with modern regimens appears firmly established for SCLC (5). Commonly
utilized combination chemotherapy regimens are listed in Table 3.

Among patients with limited disease, modern chemotherapy regimens are capa-
ble of producing overall response rates of 80–95%, which include complete
response rates of 50–60%. Median survival times of 12–16 mo have been regu-
larly observed, and 2-yr survival rates of 15–25% are possible. In extensive dis-
ease, the response rate and median survival duration is clearly inferior to that
observed in limited disease. Overall response rates of 75–85% are slightly infe-
rior to those observed in limited disease. However, complete response rates are
considerable lower, in the range of 15–25% for most trials. Median survival
times vary from 7–11 mo, while 2-yr survival is seen in less than 5% of patients
with extensive disease (1,5,82). Thoracic radiation improves local control rates
from 10% to approx 40–60% in limited-stage patients, and is associated with
improved survival (81,83).

The optimal combination chemotherapy regimen in SCLC remains a topic for
debate. No single regimen has emerged as clearly superior to all other regimens
at the present time. The combination of cyclophosphamide, doxorubicin, and
vincristine (CAV regimen) was widely used in the late 1970s and 1980s. It repeat-
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edly resulted in the optimal response rates and median survival duration, as out-
lined previously, and was considered by many to be the “standard regimen” to
which other regimens should be compared.

In the 1980s, when etoposide became established as an active agent in SCLC,
trials were conducted to determine whether the addition of etoposide to CAV
(CAVE regimen) or the substitution of etoposide for vincristine or doxorubicin
led to improvements in outcome (84). Three trials compared CAV with CAVE,
and the results of two found greater response rates with CAVE (85–87). How-
ever, this did not translate into significantly improved overall survival. Median
survival in extensive-stage patients was prolonged modestly with the substitu-
tion of etoposide for either vincristine or doxorubicin, but no improvement was
seen in limited-stage patients. These studies were thus unable to demonstrate the
superiority of inclusion of etoposide in the existing chemotherapy regimens.

The combination of etoposide and cisplatin (EP) has been shown to be highly
synergistic in preclinical studies (88). In previously treated patients, the EP regi-
men produced response rates approaching 50% in early studies in the 1980s
(88,89). Subsequently, the evaluation of the EP regimen as first-line therapy led
to acceptable results in both limited- and extensive-stage patients. As first-line
therapy, response rates as high as 95% have been reported. A pooled analysis of
294 previously treated patients with SCLC who were treated with EP produced

Table 3
Commonly Utilized Chemotherapy Regimens in SCLC

Regimen      Components  Frequency

CAV
Cyclophosphamide 1000 mg/m2 iv, d 1 Every 3 wk
Doxorubicin 45 mg/m2 iv, d 1
Vincristine 2 mg iv, d 1

CAVE
Cyclophosphamide 1000 mg/m2 iv, d 1 Every 3 wk
Doxorubicin 50 mg/m2 iv, d 1
Vincristine 1.5 mg/m2 iv, d 1
Etoposide 60 mg/m2 iv, d 1–5

EP
Etoposide 100 mg/m2 iv, d 1–3 Every 3 wk
Cisplatin 25 mg/m2 iv, d 1–3; or

80 mg/m2 iv, d 1
CAV/ EP CAV alternating with EP Every 3 wk
EC

Etoposide 100 mg/m2 iv, d 1–3 Every 3 wk
Carboplatin 300 mg/m2 iv, d 1; or

AUC = 6 iv, d 1
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an overall response rate of 47% (90). Regimens substituting carboplatin for
cisplatin in combination with etoposide (EC regimen) in SCLC appear to have
similar efficacy as EP, with reduced gastrointestinal toxicity but increased myelo-
suppression (91).

The merits of the EP regimen were directly compared to the CAV regimen in
two randomized studies (92,93). In a Japanese study including patients with
limited and extensive disease, the overall survival was the same in the CAV and
EP arms. The Southeastern Cancer Study Group (SECSG) trial in patients with
previously untreated extensive-stage disease showed no difference in response
rates or overall survival for either CAV or EP. However, EP was twice as effec-
tive in relapsing patients previously treated with CAV, whereas CAV was rela-
tively ineffective as a second-line regimen. Less neutropenia and infections were
seen with EP as compared to CAV in these randomized trials. In a randomized
trial in limited SCLC patients, six cycles of CAV followed by two cycles of EP
improved median survival when compared to patients treated with CAV alone,
implying activity of EP among CAV-resistant tumor cells (94). While CAV appears
to be comparable to EP, it has not been proven to be superior, and with its favor-
able toxicity profile, EP remains the choice for the treatment of limited disease
in the United States. In extensive SCLC, carboplatin substitution for cisplatin is
routinely done in many centers.

A regimen consisting of cisplatin, ifosfamide, and etoposide (VIP) has been
well-studied. Phase II trials documented the activity of this regimen (95,96). In
a randomized trial, the combination of etoposide and cisplatin with or without
ifosfamide was evaluated in patients with previously untreated extensive-stage
disease. Overall survival favored the VIP arm, although response rates were not
markedly different. A smaller Japanese study consisting of patients with limited-
and extensive-stage disease detected no survival or response differences (97).

9.3. Alternating Chemotherapy
 A number of strategies have been employed in an effort to develop more

clearly effective chemotherapy programs. One such strategy has been to employ
alternating “non-cross-resistant” chemotherapy regimens, which might improve
tumor-cell killing, according to the mathematical model described by Goldie and
Coldman (98,99). Alternating regimens have been investigated in SCLC as a method
to potentially overcome drug resistance by exposing tumors to an increased num-
ber of active cytotoxic agents.

Three randomized phase III trials have attempted to prove this theory. A
Canadian trial in 289 patients with extensive-stage disease showed improve-
ments in overall response rates and overall survival with alternating CAV/EP as
compared to CAV alone, but it could not be definitively ascertained whether the
improvements were caused by alternation or the superiority of EP to CAV (100).
In a Japanese study of 288 patients with both limited- and extensive-stage disease,
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overall response rates in the EP, and CAV/EP arms were superior to the CAV arm
(93). Overall survival significantly favored the CAV/ EP arm in limited-stage
patients, but less than 150 patients were randomized in this category. The larger
SECSG trial of 437 patients with extensive-stage disease demonstrated no dif-
ferences in either observed responses or overall survival with CAV, EP or alter-
nating CAV/ EP [94]. Administration of alternating chemotherapy may be more
effective in a subset of patients with lower tumor burdens, but it cannot be consid-
ered mandatory. A consensus conference concluded that alternating chemother-
apy regimens could not be recommended on the basis of existing randomized trials
(101). Accordingly, this approach has not gained wide acceptance in SCLC ther-
apy in the United States.

9.4. Early Dose Intensification
Another approach that has been evaluated involves increasing the dose inten-

sity of chemotherapy in order to enhance response rates and survival. Several
randomized trials have evaluated dose-response relationships in SCLC. In the
late 1970s and 1980s, of five studies that tested doxorubicin or alkylating agent-
based chemotherapy, only one demonstrated a survival advantage to early dose
intensification (102–106) (Table 4). This Eastern Cooperative Oncology Group
(ECOG) study randomized 349 patients with limited- or extensive-stage SCLC
to receive chemotherapy consisting of cyclophosphamide, lomustine (CCNU),
and methotrexate with the dose-intense regimen differing in doubled cyclophos-
phamide doses. All responding patients on the standard arm received mainte-
nance therapy with doxorubicin, vincristine, and procarbazine alternating with
a low-dose version of the induction regimen. Of responding patients in the dose-
intense arm, one-half were randomized to maintenance chemotherapy as in the
standard arm. Survival in the dose-intense and standard arms was 41 wk and 36 wk,
respectively. This was more pronounced in limited-stage-disease patients, where
survival was 56 wk and 42 wk, respectively. Hematologic toxicity and mortality
were more pronounced in the dose-intense arm, as expected.

Cisplatin-based chemotherapy has been evaluated in limited-stage-disease
patients in randomized trials, with conflicting results (107,108). In a French
study, 105 patients received chemotherapy consisting of cisplatin, cyclophospha-
mide, doxorubicin, and etoposide. The treatment arms differed in cycle 1 only,
with the dose-intense regimen containing cisplatin and doxorubicin at higher
doses. The 2-yr survival rates were 43% and 26% in the dose-intense and stan-
dard arms, respectively, whereas there was no difference in toxicities between
both arms (107). A second study at the National Cancer Institute randomized 90
patients to higher-dose EP or standard-dose EP. Complete responders received
standard EP for cycle 5 to 8, while the other patients received CAV or individu-
alized chemotherapy based on in vitro drug sensitivity. There was no reported
difference in overall survival between the two arms, although the dose-intense
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arm was associated with higher hematologic toxicities. A comprehensive meta-
analysis of 60 trials showed no demonstrable effect on response rate or survival
by increasing dose intensity (109).

9.5. Intensive Weekly Dosing
Another approach to dose intensification has been the rapid sequencing of a

regimen incorporating several active agents over a short period of time. One
thoroughly studied regimen, CODE, consists of weekly dosing of cisplatin, vin-
cristine, doxorubicin, and etoposide, with myelosuppressive and non-myelosup-
pressive agents alternated. CODE was designed to increase the dose intensity of
these four agents in comparison to CAV/EP. A Canadian pilot study reported a

Table 4
Randomized Trials of Early Dose-Intensification Chemotherapy

Study Patients                 Regimen Stage Survival Comments

Cohen 32 Cc 50 mg/m2 vs 100 mg/m2 LD, ED 5.0 mo p ≤ 0.05,
et al., M 10 mg/m2 vs 5 mg/m2 vs High dose
1977 C 500 mg/m2 vs 1000 mg/m2 10.5 mo better
(102) Single 6-wk course

Dinwoodie 45 C 750 mg/m2 vs 1200 mg/m2 NS 210 d No
et al., A 50 mg/m2 vs 70 mg/m2 vs difference
1981 V 1.4 mg/m2 wk 215 d
(103) Cycles 1 and 2

Mehta 349 Cc 70 mg/m2 LD, ED 36 wk p = 0.04,
et al., M 15 mg/m2 vs High dose
1982 C 700 mg/m2 vs 1500 mg/m2 41 wk better
(104) Single 6-wk course

Figueredo 103 C 1000 mg/m2 vs 1500 mg/m2 LD, ED LD: 14 mo      Not
et al., A 50 mg/m2 vs 60 mg/m2 ED: 9 mo significant
1985 V 1 mg/m2

(105) Cycles 1-4
Johnson 298 C 1000 mg/m2 vs 1200 mg/m2 ED 35 wk      Not

et al., A 40 mg/m2 vs 70 mg/m2 vs significant
1987 V 1 mg/m2 29 wk
(106) Cycles 1-3

Arriagada 105 C 225 mg/m2 vs 300 mg/m2, d 1–4 LD 26%  p = 0.02,
et al., A 40 mg/m2 d 1 vs significant
1993 P 80 mg/m2 vs 100 mg/m2, d 1 43%
(107) E 75 mg/m2, d 1–3

Cycle 1 only
Ihde 90 E 80 mg/m2, d 1–3 vs d 1–5 ED 11.4 mo      Not

et al., P 80 mg/m2 d 1 vs 27 mg/m2, d 1–5 vs significant
1993 Cycles 1 and 2 10.7 mo
(108)

aE = etoposide, P = cisplatin, C = cyclophosphamide, M = methotrexate, A = adriamycin, Cc =
lomsutine (CCNU), LD = limited disease, ED = extensive disease.



Chapter 11 / Natural History to Chemotherapy 275

94% overall response rate and a 40% complete response rate in 48 patients with
extensive-stage disease (110). The median survival was 61 wk, but grade 4 neu-
tropenia in 56% patients and 58% patients required blood transfusions. A phase
III Japanese trial of 228 patients randomized to CODE plus granulocyte colony-
stimulating factor (G-CSF) versus CAV/EP failed to demonstrate any advantage
in response rates or survival (111). A confirmatory National Cancer Institute-
Canada/Southwestern Oncology Group (SWOG) trial was prematurely closed
because of an excess of toxic deaths in the CODE arm compared to the CAV/EP
arm (8% vs 0%). Again, no survival benefit was seen with dose intensification.

9.6. Dose Intensification with Cytokine Support
Dose intensification with the concomitant use of colony-stimulating factors

(CSFs) potentially reduces the development of excessive myelosuppression.
Studies utilizing G-CSF demonstrated modest improvements in delivered dose
intensity and reduction in febrile neutropenia (112,113) with no survival bene-
fits. A randomized study of granulocyte macrophage colony-stimulating factor
(GM-CSF) in limited-stage patients (114) had a significantly increased inci-
dence and duration of life-threatening thrombocytopenia and toxic deaths. The
increased toxicities were believed to be secondary to a cumulative effect of chest
irradiation and GM-CSF. A British randomized study utilizing chemotherapy
consisting of vincristine, ifosfamide, carboplatin, and etoposide (V-ICE) given
every 3 wk or 4 wk, with or without GM-CSF, revealed no difference in the inci-
dence of myelosuppression and febrile neutropenia, although the 2-yr survival
rates were increased in the dose-intensified arm (115). A recent British random-
ized trial (116) in 403 patients, utilizing doxorubicin, cyclophosphamide, and
etoposide (ACE) given every 3 wk vs every 2 wk together with G-CSF, showed
similar overall responses but higher complete responses (40% vs 28%). Survival
was modestly improved with G-CSF, and although there was less neutropenia in
this group, more blood and platelet transfusions were required.

While a few studies have suggested that dose intensification may be worth-
while, most of the evidence from randomized comparisons indicates that com-
parisons of “high dose” to “standard” dose regimens employing the same agents
do not produce consistent survival advantages, while toxicity—particularly mye-
losuppression—is greater with the dose-intense regimens.

9.7. Summary
The introduction of combination chemotherapy as standard therapy for SCLC

has contributed to significant improvements in survival in both limited-stage and
extensive-stage disease. Unfortunately, the initial enthusiasm generated by these
significant therapeutic advances has waned with the realization that a plateau has
been reached, and no additional survival increments have been achieved in the
last decade. While a number of chemotherapy regimens may be equivalent to EP
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or EC, alternating regimens or dose-intense regimens have not gained wide-
spread acceptance. Four to six cycles of EP without maintenance therapy appear
sufficient by today’s standards. What remains to be seen is whether combinations
incorporating some of the newer active agents may move us away from this thera-
peutic plateau.

10. RELAPSED DISEASE

The overall survival at relapse in SCLC is 2–4 mo, and second-line chemo-
therapy may provide significant palliation of symptoms and result in prolonga-
tion of survival in some patients (117). In a 1990 review, the second-line response
rate was 30%, with a complete response rate of 5%. The response rates with EP
as a second-line regimen were superior to single-agent cisplatin or etoposide, or
that obtained with retreatment with first-line chemotherapy. However, this data
was obtained during the period when EP was not commonly utilized as first-line
chemotherapy, and thus may account for the positive results seen with EP as a
second-line regimen.

Even though most patients relapse after first-line chemotherapy, there is a
variable treatment-free interval in many instances. It is evident that the likeli-
hood of response to second-line chemotherapy is dependent on the duration of
this interval (118–120). Patients who respond to first-line chemotherapy for a
period longer than 3 mo are believed to be more sensitive to second-line chemo-
therapy, and may have major responses with the same combination, indicating
the presence of sensitive cell clones (122). Such patients generally possess a good
performance status, which is believed to be an important predictor for response in
second-line therapy (121). On the other hand, patients who have never responded
to initial chemotherapy or progressed within 3 mo of the end of initial therapy
are believed to be refractory, with a small chance of significant response to sec-
ond-line chemotherapy. In a recent review of 1749 patients (122), the cumulative
response rate with multidrug regimens was 21%, and that with single agents was
19%. The extreme variation in study designs included in this chapter make any
interpretation of such cumulative data unreliable.

For patients treated with alkylator- or anthracycline-based regimens, EP is
recommended as second-line therapy. However, for patients relapsing after EP
chemotherapy, there is no standard chemotherapy-salvage regimen. Clearly, a
subset of sensitive patients will benefit from repeat treatment with EP. However,
the current approach in this setting has been to involve patients on trials incor-
porating the newer active agents now available. In a randomized trial, sensitive
patients with relapsed SCLC were randomized to topotecan or CAV, and the maj-
ority had received EP as first-line chemotherapy. Response rates and median sur-
vival obtained in this study were not statistically different between the topotecan
and CAV arms (69), although the topotecan arm had superior symptom improve-
ment. Investigational combination chemotherapy regimens involving the newer
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agents—including the taxanes and topoisomerase inhibitors—continue to be the
focus of investigation in this setting.

Radiotherapy is an important palliative agent in patients with progressive SCLC,
with high objective responses seen with chest irradiation (123). Thoracic radio-
therapy is an option in patients with local relapse only, or in cases where pulmo-
nary symptoms are predominant. Radiotherapy is also the recommended treatment
for patients with painful osseous metastases, brain metastases in patients without
previous prophylactic cranial irradiation (PCI), spinal-cord compression, or supe-
rior vena caval compression recurring after initial chemotherapy. In patients who
have received prior PCI, the palliative benefits with re-treatment are minimal (124).

11. IMMUNOLOGIC APPROACHES

The majority of limited SCLC patients harbor microscopic foci of drug-resis-
tant clones, which ultimately result in recurrence and death. Many patients expe-
rience complete responses with concurrent therapy, and are believed to possess
minimal or no tumor burden. Theoretically, these patients are ideal candidates
for adjuvant immunologic approaches. A number of approaches have been evalu-
ated thus far, with mostly disappointing results.

In some patients with SCLC, poorer survival rates have been associated with the
phenomenon of impaired response to delayed cutaneous hypersensitivity testing
(125). Similar observations by other investigators were used as the rationale for
investigating biologic response modifiers and other immunologic approaches as
adjunctive therapies in SCLC. Patients randomized to receive BCG after chemo-
therapy and thoracic radiotherapy showed no improvements in responses or sur-
vival in two large studies (126,127). Similar disappointing results were obtained
in trials evaluating the addition of methanol-extractable residue of BCG to stan-
dard therapeutic approaches (128–130). Initial promising data on improvement
in survival with calf thymosin fraction V (131), a modulator of T-cell function,
were not upheld in a larger trial (132).

Interferons have been extensively evaluated in SCLC, and were believed to
offer promise in limited-stage disease (133,134). Results from a Finnish study,
in which responding patients were treated with maintenance IFN-α, showed an
improvement in long-term survival in the interferon arm (135). In two American
cooperative group trials, further therapy with additional IFN-α (136) or IFN-γ
(137) showed no improvements in responses or survival.

A new class of agents, matrix metalloproteinase inhibitors (MMPIs), is cur-
rently being investigated in SCLC and other cancers. Certain matrix metallopro-
teinases contribute to tumor progression and metastasis, and in one study (138)
tumoral expression of these proteinases was associated with a negative effect on
survival. Accrual for a randomized trial of Marimastat, an MMPI, has been com-
pleted, and results are awaited. Adjuvant therapy with the anti-idiotypic antibody
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BEC2 plus BCG produced promising survival data in a pilot trial (139), and this
approach is being evaluated in an ongoing randomized trial.
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1. INTRODUCTION

Small-cell lung cancer (SCLC) accounts for 20–25% of all lung cancers,
and differs from non-small-cell lung cancer (NSCLC) with respect to rapidity of
growth, early onset of metastases, prominent sensitivity to chemotherapy, and
radiotherapy. Surgery and radiotherapy were the mainstays of therapy of SCLC
until the end of the 1960s. Despite impressive responses with radiation, there
were few long-term survivors in SCLC because of the propensity for SCLC to
disseminate early in the course of development.

Since the late 1960s and early 1970s, a series of studies established the role
for systemic chemotherapy in the management of SCLC. Improved survival rates
in SCLC with chemotherapy were first reported in 1969 by the Veterans Adminis-
tration Lung Cancer Study Group trial (1). Subsequently, data from many small
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studies showed that chemotherapy could improve survival at 2-yr follow-up
significantly when used in an adjuvant fashion after surgical resection. Simi-
larly, in randomized trials, the addition of chemotherapy to thoracic irradiation
improved median survival. The results of these trials rapidly established com-
bination chemotherapy as the mainstay of therapy for both limited- and exten-
sive-disease SCLC by the early 1970s. However, there has been a long therapeutic
plateau with respect to improvements in long-term outcomes in the management
of SCLC with chemotherapy. The current development of active new regimens
incorporating newer chemotherapy agents will hopefully alter this scenario in
the near future.

Despite the central role of systemic chemotherapy, there is a convincing role
for the use of radiotherapy in the multimodality management of SCLC. The role
for thoracic irradiation in the management of limited SCLC has been firmly
established with the demonstration of improved local control and overall sur-
vival when used concurrently with combination chemotherapy (2,3). Currently,
the other well-established niche for radiotherapy is in the area of decreasing the
rate of brain metastases, improving quality of life, and improving overall sur-
vival in chemotherapy-responsive patients with the use of prophylactic cranial
irradiation (PCI) (4).

The role for surgery, on the other hand, is not firmly established as part of the
management of SCLC. The current evidence suggests that long-term outcomes
are excellent with early-stage SCLC patients who successfully undergo resec-
tion. The role for adjuvant chemotherapy and/or radiotherapy following surgical
resection in limited SCLC is a topic of investigation, while there appears to be
a limited role for adjuvant surgery at the present time (5).

This chapter examines the therapeutic role of radiotherapy, surgery, and the
newer approaches to chemotherapy, which are being investigated in the manage-
ment of SCLC.

2. SURGERY
As discussed in Chapter 11, studies in the 1960s demonstrated that surgical

resection alone is not a reasonable option for the management of SCLC. Small-
cell lung cancer is a highly aggressive neoplasm that is presumed to be a systemic
disease, even when apparently localized. The question arises: is surgery reason-
able in the context of combined modality therapy for this disease?

Four theoretical reasons have been proposed for the incorporation of surgery
into the multimodality management of SCLC (6). Surgery conveys prognostic
significance by improving staging information, may reduce local recurrences,
and does not limit chemotherapy intensity. Unlike radiotherapy, surgery does
not have myelosuppressive side effects. A moderate amount of data exists on the
use of surgery followed by adjuvant chemotherapy, or induction chemotherapy
followed by surgery. Most of the available data is uncontrolled.
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2.1. Surgery Followed by Adjuvant Chemotherapy
Of lung cancers presenting as a solitary pulmonary nodule (SPN), 4–12% turned

out to be SCLC in one study (7). A SPN was defined as a single lesion ≤6 cm in
diameter. In a single-institution report, 4% (15 of 408) of SCLC patients were
found to have presented as a SPN (8). About two-thirds of SCLC-SPN are of the
“intermediate cell” histologic subtype. These are in stark contrast to the usual
presentation of SCLC, with about two-thirds comprised of classic “oat cell” sub-
types. While no controlled data exists, long-term survival rates of patients with
SCLC-SPN who undergo surgical resection are impressive, as compared to other
groups of SCLC patients. Pooled data from available studies shows that among
SCLC-SPN patients with stage I SCLC treated with surgical resection, 40–53%
survived for 5 yr (7). The role of postoperative therapy in such patients is some-
what unclear. While most resected patients receive postoperative chemotherapy,
some do not, and still enjoy a prolonged disease-free survival. Yet in recognition
of the systemic nature of most SCLC, most authorities recommend that resected
SCLC-SPN patients should receive adjuvant chemotherapy with an established
combination regimen. No controlled data has definitively established this point.
Similarly, there is no data regarding the efficacy of thoracic radiation or PCI in
this setting, although it is reasonable to consider such therapy in the context of
a potentially curative package of therapy for such patients.

Other studies have also reported impressive long-term survival rates for patients
with SCLC undergoing surgical resection. The data suggests that patients with
stage I or stage II SCLC have a 27–42% chance of 5-yr survival following resec-
tion. A review of the published data suggested that approx 50% of patients with
stage I SCLC could be cured with surgery followed by adjuvant chemotherapy
(9). Long-term survival was less common among patients with more advanced
disease. In a recent prospective evaluation of postoperative adjuvant EP, excel-
lent survival rates were observed for stage I patients, with survival rates in stage
II and IIIA disease not inferior to chemoradiotherapy (10). It is unclear whether
the encouraging trends in resectable SCLC reflect a beneficial effect of the
surgery itself or a reduced tumor burden among patients in whom resection is
possible. Nonetheless, such data supports further investigation of the role of sur-
gical resection followed by chemotherapy and possible radiotherapy in early-
stage SCLC.

2.2. Chemotherapy Followed by Surgery
Surgical resection following induction chemotherapy has been evaluated, with

most of the available data coming from small phase II trials. In a review of the
results of nine trials, including 260 limited-disease patients treated with induc-
tion chemotherapy followed by consideration of resection among responders to
initial therapy (9), the overall chemotherapy response rates were at least 88% in
eight of the nine trials. Approx 60% of patients were taken to surgery, and about
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80% of these patients underwent complete resection (approx 50% of those enter-
ing the trials). The vast majority of resected patients had viable residual SCLC
in the resection specimen, with pathologic complete response rates averaging
about 10%. For completely resected patients with pathologic stage I SCLC, 5-yr
survival approached 70%. For patients with stage II or IIIA SCLC, survival was less
favorable, but there were cohorts who achieved long-term disease-free survival.

These results led to a randomized study by the Lung Cancer Study Group
evaluating the role of resection in limited SCLC patients (ISS stages I, II, IIIA,
and IIIB) (11). Patients received five cycles of CAV chemotherapy and those
judged to be suitable for resection were then randomized to surgery followed by
thoracic radiation and PCI, or to an identical regimen of radiation treatment with-
out surgery. Of 340 patients, 66% responded to induction chemotherapy (28%
complete and 38% partial responses). A total of 144 (42%) patients were rando-
mized, 68 to the surgery arm and 76 to no surgery. No significant differences in
median or overall survival were observed between the two groups. Median survi-
val of all patients was 14 mo, while it was 18 mo for those patients who were ran-
domized. Actuarial 2-yr survival was 20% in both arms. Accordingly, the study
failed to provide any support for the use of surgical resection in limited SCLC.

Presently, surgery cannot be considered standard for any subgroup of patients
with SCLC. However, available evidence from nonrandomized studies does
support the conclusion that resection in well staged patients with ISS stage I, and
possibly some patients with stage II disease as well. For limited disease patients,
surgery should not currently be included in the management of those with ISS
stage IIIA or stage IIIB disease. Unfortunately, such patients represent the vast
majority of those with limited disease. Accordingly, surgery is not indicated for
most patients with limited SCLC at the present time.

3. THORACIC IRRADIATION

In SCLC, thoracic irradiation alone produces responses in up to 90% of patients
(12). While disseminated extra-thoracic metastases have traditionally been the
major site of failure in SCLC, loco-regional failure within the chest occurs in up
to 80% of limited disease patients treated with chemotherapy alone (13). This
high rate of local failure provides a rationale for the use of thoracic irradiation
in patients with the objectives of improving both local control and overall survi-
val. Several randomized trials have been conducted and a review of these studies
has revealed certain conclusions regarding chemotherapy and thoracic irradia-
tion. All studies almost uniformly demonstrated that thoracic irradiation signif-
icantly decreases the rate of local failure in SCLC. Combined modality therapy
invariably increases hematologic, pulmonary and esophageal complications.

A large trial conducted by the Cancer and Leukemia Group B (CALGB) ran-
domized 399 patients to chemotherapy alone, or to concurrent chemoradiation
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with 50 Gy of radiation given either early with the first cycle of chemotherapy
or delayed until the fourth cycle of chemotherapy (14). Chemotherapy consisted
of cyclophosphamide, etoposide, and vincristine, with doxorubicin substituted
for the etoposide in alternate cycles beginning with the seventh cycle. Local failure
was 90% in the chemotherapy-alone group and 60% in each of the chemoradiation
groups. Median survival was improved slightly in the group receiving delayed
radiation, compared with early or no radiation (14.6 mo vs 13.1 mo vs 13.6 mo).
However, 2-yr survival was 25% in the delayed radiation group, compared to
15% in the early irradiation group and 8% in the chemotherapy-alone group. A
possible explanation for the benefit with delayed irradiation may be the fact that
patients in the delayed irradiation arm received much more of the projected
chemotherapy doses. Contrasting results were obtained in a National Cancer
Institute-Canada trial, in which 308 patients with limited disease received CAV/
EP along with concurrent thoracic irradiation in wk 3 or wk 15 of treatment (15).
The results showed no difference in overall responses, but progression-free sur-
vival and overall survival were significantly improved in the early-treatment arm.

The role of thoracic irradiation in SCLC has perhaps best been clarified by two
meta-analyses published in 1992 (2,3). Thirteen randomized trials, including
over 2100 limited-stage patients, were included in the larger meta-analysis (3).
Chemotherapy regimens differed between studies, as well as radiation doses
and schedules. Both reports demonstrate that the addition of thoracic irradiation
was associated with a small but significant improvement in 2-yr and 3-yr sur-
vival rates, which averaged 5–7%. Local control rates showed a more impressive
improvement of 25%. Overall, local control was observed in 23% (172 of 737)
of patients receiving chemotherapy alone, compared to 48% (376 of 784) for
patients who were treated with chemoradiation (2). The survival benefit was great-
est for patients who were less than 55 yr of age, and was achieved at the cost of
increased toxicity among patients receiving thoracic irradiation.

3.1. Optimal Chemotherapy with Thoracic Irradiation
Combined modality protocols in randomized studies have evaluated alkylator-

based, doxorubicin-based, or platinum-based regimens administered concur-
rently with thoracic irradiation. The EP regimen is more mucosa-sparing and less
myelosuppressive than prior regimens, and thus more tolerably combined with
thoracic irradiation. Compared to doxorubicin- and alkylating agent-based regi-
mens, the EP regimen clearly has lower cardiac and pulmonary toxicity. Several
pilot trials with this approach suggested an improvement in long-term outcome,
compared with trials included in the meta-analyses (16–18). Results from Japa-
nese and American randomized studies of thoracic irradiation in combination
with EP showed consistent and significant improvement in survival rates in excess
of 40% at 2 yr (19,20). In some centers, carboplatin is utilized in place of cispla-
tin, with a focus on ease of administration and perceived lesser toxicities. The
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feasibility of this substitution is bolstered by results from a Greek trial (21), in
which 143 patients were randomized to receive either EP or EC with fixed-dose
carboplatin (at 300 mg/m2). Equivalent response and survival results were obtained
for both arms in this trial. Currently, however, the reference arms for most clin-
ical trials continue to utilize the EP regimen.

Building on the improvements in long-term outcome with EP and concurrent
radiotherapy, the current emphasis in improving loco-regional therapy involves
evaluating the possibility of enhanced results by adding newer cytotoxic drugs
to the existing regimen. The addition of ifosfamide and paclitaxel to EP, along
with accelerated radiotherapy in separate phase II trials, has been evaluated (22,
23). Increased loco-regional control at the cost of increased esophageal toxicity
was seen. Similar promising results have been also obtained with other studies
involving the addition of paclitaxel to a regimen of etoposide and a platinum com-
pound (24,25). It remains to be seen whether these results translate into improved
long-term survival compared to that obtained with EP and radiation. Definite ran-
domized trials are needed to fully assess the impact of these newer regimens.

3.2. Timing of Radiation
The issue of timing for radiotherapy during the course of treatment has become

much clearer. Methods of combining radiotherapy with chemotherapy include:

1. radiotherapy given concomitantly with the initiation of chemotherapy,
2. induction chemotherapy followed by radiotherapy during subsequent courses of

chemotherapy,
3. chemotherapy followed sequentially by radiotherapy, and
4. radiotherapy administered split between cycles of chemotherapy.

Previous randomized trials that specifically addressed this issue have demon-
strated conflicting findings (14,15,20,26–28). The earlier trials that utilized alky-
lator- or doxorubicin-based therapy suggested either a nonsignificant trend to
improved survival if radiotherapy was delayed until the fourth cycle of chemo-
therapy (14), or until day 120 (26) vs initial radiation, or no difference if radia-
tion was given early or delayed until wk 18 of therapy (27). Recent trials have
used EP or EC compared to radiation in the second vs sixth cycle of chemother-
apy (15), in the first vs the third cycle (28), or in the first cycle vs sequential after
the fourth cycle (20). Thus, current evidence favors concurrent thoracic irradia-
tion initiated relatively early with the first or second cycle of platinum-based
chemotherapy (Table 1).

3.3. Radiation Volume
The recommendation for standard radiation portals includes the original tumor

volume with a 1.5–2.0 cm free margin (29,30). Retrospective studies form the
basis of this recommendation. A randomized trial addressing this issue revealed
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no differences in the intrathoracic recurrence rate with the use of wide-volume
radiotherapy in comparison to reduced-volume radiotherapy (31). Conflicting
data from retrospective studies has suggested a twofold to threefold increase in
thoracic recurrences with the use of reduced-volume radiotherapy (32–34). It is
uncertain whether radiation portals should be designed based on the original
tumor volume and uninvolved nodes, or on the shrinking volume present fol-
lowing a response to chemotherapy. The volume factor is linked to the timing
of modalities being employed. Up-front concurrent therapy mandates the use
of original tumor bulk, while delayed radiotherapy after chemotherapy has the
advantage of a lesser target volume because of reduced residual disease, and
thus potential sparing of toxicity to normal tissues. A review of this issue (35)
found no compelling evidence supporting either strategy.

3.4. Radiation Dose
For the past three decades, the commonly utilized dose of thoracic radiotherapy

in limited SCLC has remained between 40 gy and 50 gy. Presumably, because
SCLC is typically much more responsive to radiotherapy, the doses used have been
lower than those used in NSCLC. Most of the data addressing this issue is in the
form of retrospective analyses. One retrospective study found that local failure
rates for doses below 40 gy were over 50%, while those for doses between 40 gy

Table 1
Randomized Trials Addressing Thoracic Irradiation Timing

  RT   Dose/
Trial    Regimen timing Patients fractions Survival Comment

Perry et al.,
1987 (14) CEV × 6 cycles cycle 1 270 50 gy/24 24% p = 0.08,

plus vs vs trend for
CEV/CAV cycle 4 30% improved

survival
Murray et al., CAV/ EP, wk 3 308 40 gy/15 40% p = 0.008,

1993 (15) total 6 cycles vs vs improved
wk 15 44% survival

Work et al., EP × 3 cycles wk 1 199 40–45 gy/ 20% p = 0.4,
1997 (27) plus CAV × vs gy/22 vs no survival

6 cycles wk 18 19% difference
Jeremic et al., EC with RT, wk 1 103 54 gy/ 30% p = 0.052,

1997 (28) plus EP × 4 vs 18 BID vs improved
cycles wk 6 15% survival

Goto et al., EP × 4 cycles cycle 1 228 45 gy/ 31% p = 0.057,
1999 (20) vs after 15 BID vs improved

cycle 4  21% survival

aCEV = cyclophosphamide, etoposide, vincristine; CAV = cyclophosphamide, doxorubicin,
vincristine; EP = etoposide, cisplatin; EC = etoposide, carboplatin; gy = gray (rads), RT = radiation
therapy; BID = twice-daily radiation.
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and 50 gy were 30% (36). A study using a total radiotherapy dose of 60 gy reported
a local failure rate of only 3% (37). In an attempt to better define the dose of thor-
acic radiotherapy, a cooperative group trial identified 70 gy as the maximum
tolerated dose when given in a once-daily fashion (38). Current US cooperative
group trials have started utilizing higher doses of 60–63 gy. A proposed inter-
group trial will investigate randomization of limited-stage patients to concurrent
cycle-1 EP with twice-daily radiation (45 gy in 3 wk) vs higher once-daily radia-
tion to a dose of 66 gy.

3.5. Radiation Fractionation
Conventional fractionation is administered as 1.8–2.0 gy daily fractions, admin-

istered over a 5-wk period. In contrast, hyperfractionation in SCLC utilizes twice-
daily fractions of lower-dose radiation, administered over a shorter 3-wk period.
This approach results in reduction in late-effect injury, and increased damage
upon rapidly proliferating subpopulations of cancer cells, which divide within
the 24-h time interval. The presence of a growth fraction and doubling time, that
is more rapid than in other lung cancers provides the rationale for evaluating
altered fractionation in SCLC. A number of phase II studies have suggested that
hyperfractionation schedules may produce an advantage in terms of local con-
trol, and possibly survival, compared to standard once-daily fractionation sched-
ules (39,40).

Results from two large, randomized trials provide supporting data for dose-
intensive radiation as a means for improving both loco-regional control and
long-term overall survival. In a large Intergroup trial (41) involving 417 patients
with limited SCLC, overall survival was 47% at 2 yr and 26% at 5 yr, with twice-
daily accelerated radiation (45 gy over 3 wk) given concurrently with cycle 1 of
EP. Survival rates in patients treated with standard once-daily radiation (45 gy
over 5 wk) were 41% at 2 yr and 19% at 5 yr. After a median follow-up of 8 yr,
median survival in the twice- and once-daily groups was 23 mo and 19 mo, respec-
tively. The incidence of grade 3 esophagitis with accelerated and standard radio-
therapy was 27% and 11%, respectively. Interestingly, survival rates in both
arms were better than the 23% 2-yr survival revealed by the meta-analyses. The
other randomized study examined the role of concurrent, twice-daily split-course
irradiation compared to conventional once-daily irradiation in limited-stage-
disease patients responding after three cycles of EP (42). A 2.5-wk break after
24 gy of hyperfractionated radiotherapy resulted in a similar dose-intensity of
radiation in both arms, with 48–50 gy delivered over 6 wk. There were no differ-
ences between the two arms with regard to loco-regional control, median sur-
vival, and overall survival at 3 yr. With this information, the possibility arises
that superior outcome in the intergroup trial may actually be a manifestation of
acceleration radiation rather than hyperfractionation itself.
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In a randomized European study comparing early vs delayed hyperfractionated
radiation in limited SCLC, 30% 5-yr survival was achieved with radiation given
early with concurrent EC chemotherapy followed by EP chemotherapy alone (28).
However, the rates for severe esophagitis in this study were 29% and 25% in the
early- and late-radiation arms, respectively, thus illustrating again the increased
toxicity associated with hyperfractionated therapy.

Accelerated hyperfractionated radiotherapy is an interesting approach to the
management of limited SCLC. Improvement in local control and survival achieved
so far are at the cost of higher acute but decreased late toxicities, making it dif-
ficult to incorporate it as standard of care in the community setting. However,
further trials with the use of radioprotective agents such as amifostine may be
useful in assigning a definitive role for this approach in the future.

3.6. Current Perspectives
Thoracic irradiation is firmly established as an integral component of com-

bined modality therapy of limited SCLC, with resultant improved local control and
overall survival. Issues of timing, volume, and optimal chemotherapy have been
largely addressed by the available data. Ongoing investigation into hyperfrac-
tionation, increased dose, additional chemotherapy, and the use of mucoprotec-
tive agents will lead to significant refinements in the current standard delivery
of thoracic irradiation.

A practical approach is to consider early integration of thoracic irradiation
(first or second cycle of chemotherapy onwards), with systemic platinum-based
chemotherapy. Standard dosing of 45–50 gy delivered to original tumor volume
is an acceptable approach. The use of hyperfractionated radiotherapy or larger
doses of radiotherapy outside the setting of clinical trials has currently not been
adopted, although associated with promising long-term outcomes.

4. PROPHYLACTIC CRANIAL IRRADIATION (PCI)

Shortly after the introduction of successful chemotherapy in SCLC, it was
recognized that central nervous system (CNS) failure was an extremely common
site of first and frequently the only site of relapse. Most of the commonly used
chemotherapeutic agents do not effectively penetrate the blood-brain barrier;
accordingly, the brain serves as a sanctuary site. In a retrospective study of 48
patients achieving a complete response to chemotherapy, 38% of patients—none
with prophylactic cranial irradiation (PCI)—developed CNS metastases. In 17%
of patients, the brain represented an isolated site of failure (43). Others have
reported that the brain may be a first or solitary site of failure in 9–14% of SCLC
patients who achieve complete remission. Moreover, the probability of brain
metastases increases with increasing length of survival. The cumulative risk of CNS
metastases has been estimated to be 58–80% by 2 yr following diagnosis (44).
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Based on these observations, the use of PCI to decrease the rate of CNS failure
and to possibly improve survival has been extensively studied in SCLC. Indeed,
numerous randomized trials have been conducted to address this question. The
studies have shown great variation in the number of patients entered, the dose and
schedule of CNS radiation, whether PCI was employed only in limited-disease
patients or whether extensive-disease patients were also eligible, and whether
only complete responders to chemotherapy were studied. With reasonable con-
sistency, these studies demonstrate that PCI leads to a definite reduction of the
risk of CNS metastases. In a pooled analysis, which included 716 patients in nine
randomized studies, it was demonstrated that doses of PCI ranging from 20–40
gy reduced the rate of CNS recurrence from 22–6% (45).

4.1. Recent Randomized Trials
The results of three large randomized trials totaling over 800 patients, con-

ducted to address the value of PCI, have been published (Table 2). In the PCI85
French trial, 300 patients with SCLC (80% with limited disease) achieving a
complete response to chemotherapy were randomized to receive either 24 gy in
eight fractions or none (46). At 2 yr, the rate of CNS failure was 67% for those
not undergoing PCI, compared to 40% for those who did. The rate of CNS fail-
ure as a first site of relapse fell from 45% to 19%. While survival trends favored
the group receiving PCI, there was no significant difference at 2 yr (29% vs 21%,
p = 0.14). In the PCI88 French trial, 211 patients in complete remission were
randomized to PCI of 24–30 gy or no PCI (47). At 4 yr, the survival rates were
not significantly different in the PCI or the control group (22% vs 16%, p = 0.25).
There was no difference in the incidence of brain metastases between the two
groups. Similarly, in a United Kingdom study involving 314 patients, CNS fail-

Table 2
Recent Large Randomized Trials of PCI in SCLC

Dose/ Local
Trial Patients  fractions Stage Survival recurrence           Comments

Gregor et al., 314 8-36 gy/ LD only 13% 29% Improved local
1997 (48) (1–18) vs 11% vs 52% control, no
(UKCCR- (p = 0.14) (p = 0.002) improvement
EORTC) in survival

Arriagada et al., 300 24 gy/8 LD and 29% 67% Improved local
1995 (46) ED vs 22% vs 40% control, trend
(PCI-85) (p = 0.14) (p < 0.01) for improved

survival
Laplanche et al., 211 24–30 gy/ LD and 22% NS No difference in

1998 (47) 8–10  ED vs 16% survival or
(PCI-88) (p = 0.14) local control

a LD = limited disease, ED = extensive disease, gy = gray (rads), NS = not significant.
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ure at 3 yr was 55% among those not receiving PCI, compared to 37% among
those who did (48). While survival trends favored the PCI group in this trial, there
were no statistically significant survival differences.

4.2. PCI Meta-Analysis
Most recently, the effects of PCI on survival were examined by the PCI

Overview Collaborative Group in a meta-analysis (Table 3) of data from 987
patients in seven randomized trials (4). Trials eligible for consideration in this
analysis included those in which patients had a complete response to treatment
with systemic chemotherapy. with or without thoracic irradiation. From this
summarized data, the relative risk of death was reduced in patients receiving PCI
with a relative risk of 0.84 (0.73–0.97, 95% CI). This corresponded to a 5.4%
absolute increase in the 3-yr survival rate. There was an increase in the rate of
disease-free survival (relative risk of recurrence or death = 0.75) and a decrease
in the cumulative incidence of brain metastases (relative risk = 0.46). Larger
doses of radiation were associated with a greater reduction in the risk of brain
metastases in this meta-analysis.

4.3. Neurological Toxicity
Perhaps the most powerful argument against the routine use of PCI in patients

with limited SCLC is related to the toxicity of PCI, particularly potentially disabling

Table 3
Results of a Meta-Analysis of PCI in Completely Responding SCLC Patientsa

3-yr OS 3-yr
Hazards ratio among absolute

End point Treatment Control (95% CI) P Heterogeneity controls benefit

Overall 526 461 0.84 0.01 0.95 15.3% +5.4%
survival (0.73–0.97)
rate

Disease-free 526 461 0.75 <0.001 0.96 13.5% +8.8%
survival rate (0.65–0.86)

Cumulative 524 457 0.46 <0.001 0.14 58.6% −25.3%
brain (0.38–0.57)
metastases
rate

Cumulative 25 332 0.89 0.37 0.51 45.6% −3.8%
locoregional (0.69–1.15)
recurrence
rate

Cumulative 323 334 0.97 0.84 0.45 45.1%  −1.0%
distant (0.75–1.26)
metastasis
rate

aAdapted from Auperin et al. (4).
bOS = overall survival; CI = confidence interval.

Number of patients
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late neurologic and intellectual impairment (49). It has been demonstrated that
such abnormalities are more frequent in those who have received PCI. However,
it has also been shown that not all CNS radiation treatment approaches are
equally likely to be associated with neurologic sequelae. For example, it has been
demonstrated that the probability of significant neurologic problems is much more
likely to be associated with the use of radiation given concurrently with systemic
chemotherapy and/or with the use of a large individual radiation fraction size of
400 gy (50–53). Two of the recent randomized studies on PCI in SCLC prospec-
tively monitored for the development of CNS toxicity by neuropsychological
assessment (46,48). The PCI85 French trial also conducted CT scans (46). Signif-
icant cognitive impairment related to PCI was not documented in either study.
On the other hand, it was found that up to 25–60% of patients had pre-existing
cognitive impairments prior to PCI.

4.4. Radiation Dose and Timing
Issues of optimal radiation dosing in PCI have not been resolved. In the recent

British study, the 24-gy radiation delivered in 12 fractions was found to be inef-
fective. Instead, 24 gy delivered in 8 fractions, as used in the French trials, may
be an acceptable regimen. A common regimen used in clinical practice is 30 gy
in 10 fractions. At this time, a dose schedule of 36 gy in 18 fractions is also an
established alternative, with evidence of clear clinical impact. In a recent com-
parison, this regimen had the most favorable hazard ratio among six schedules
reviewed (54). Results of a novel phase III dose-response study of PCI using
conformal hemi-cranial radiotherapy are awaited. In this study, patients will be
randomized to receive a 12-gy boost to a randomly selected side of the brain after
receiving whole-brain radiation to 24 gy in 12 fractions.

Finally, there is the issue of timing of PCI. The conventional practice is to
introduce PCI as early as possible in the course of treatment, after response to
chemotherapy. The recent meta-analysis demonstrated a significant trend toward
greater reduction in brain-metastasis reduction among patients who received
PCI earlier. It is important, to avoid concurrent administration of chemotherapy
and to introduce PCI at the end of induction therapy.

4.5. Current Perspectives
A large body of literature based on randomized comparison demonstrates that

PCI decreases the rate of CNS recurrence, and has a small but absolute impact
on overall survival. The survival benefit is similar to that seen with the use of
thoracic radiotherapy in SCLC patients in the meta-analyses of thoracic radio-
therapy published in the early 1990s. In many ways, this should not be a surpris-
ing finding. The vast majority of patients, including those with limited disease,
eventually succumb to their disease, and systemic failure is the predominant cause
of death. PCI can only favorably impact on the survival of those patients in whom



Chapter 12 / Surgery, Radiation, and Newer Chemotherapy 297

systemic chemotherapy and thoracic radiation control all gross and microscopic
sites of disease, except for micrometastatic disease in the brain. Because only a
very small proportion of patients are likely to fall into this category, it would be
extremely difficult to design a randomized study with sufficient statistical power
to properly address this question.

On the other hand, the treatment of symptomatic CNS metastases has never
been particularly satisfactory. Moreover, if the objective of treatment in limited
SCLC is to cure the disease in the highest possible proportion of patients, the
avoidance of CNS metastases becomes a major priority. In recent years, the sur-
vival of patients with SCLC has improved as more effective chemotherapy is
combined with thoracic radiotherapy, and the cumulative risk of brain metastases
has increased. Since the duration of survival is approx 4–5 mo after the detection
of brain metastases, the overriding objective is prevention. Moreover, there is
always the potential of improved quality of life with PCI (55).

Based on current evidence, PCI should be incorporated into the primary man-
agement of completely responsive patients with limited-disease SCLC, as it sig-
nificantly diminishes the risk of CNS recurrence, and recent evidence suggests
that it can be safely administered without a substantial risk of significant neuro-
logic disability. It should be given sequentially following chemotherapy; concur-
rent chemotherapy and PCI should be avoided. While the proper dose and schedule
of PCI continues to be debated, a relatively low daily fraction size of 3 gy to a total
dose of 30–36 gy may be optimal. It is important that baseline and subsequent
neuropsychological assessment be evaluated. There is little question that the
development of symptomatic brain metastases will have a negative impact on the
quality of life, particularly if it is the sole site of recurrence. Moreover, it is also
reasonable to consider PCI for good performance-status patients with extensive-
disease SCLC who achieve a complete remission with systemic chemotherapy.

5. NEWER CHEMOTHERAPEUTIC APPROACHES

This section reviews current approaches to integrating the newer chemothera-
peutic agents in the management of limited, extensive, and relapsed SCLC. With
maturing data from the current generation of randomized trials, we may finally
see the movement of chemotherapy from the current standard of platinum-based
regimens. Additionally, promising results accompanied by ongoing improvements
in morbidity and mortality with high-dose chemotherapy/autologous hematopoi-
etic support have made this approach worthy of intensive evaluation as a means
of late chemotherapy dose-intensification with the overall goal of higher “cures.”

5.1. New Agents and Regimens
The current thrust in SCLC chemotherapy involves incorporating newer agents

into the development of regimens with better responsiveness and improved long-
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term outcome. Among the agents being actively investigated, those with particu-
lar promise appear to be the topoisomerase I inhibitors irinotecan and topotecan,
and the taxanes paclitaxel and docetaxel. Other active agents include vinorelbine
and gemcitabine.

5.1.1. IRINOTECAN

Irinotecan was evaluated as a single agent in Japanese phase II studies, and
showed response rates of 50% among previously untreated patients and 33–47%
among previously treated patients (56,57). In another study, irinotecan admin-
istered on an every-3-wk schedule resulted in a response rate of only 16% (58).
Based on promising phase II results of the combination of irinotecan and cisplatin
(59), the Japan Clinical Oncology Group embarked on a phase III trial comparing
this regimen with EP in patients with extensive-stage disease, and the results were
recently published (60). After 154 of the planned 230 patients were enrolled, the
trial was prematurely terminated when interim analysis demonstrated a statisti-
cally significant survival advantage for the irinotecan/cisplatin (CP) arm com-
pared to standard EP. At the interim analysis, overall responses in the CP and EP
arms were significantly different at 83% and 63%, respectively. In the CP and
EP arms, updated median survival was 390 d and 287 d, respectively, while the
1-yr survival rates were 58% and 38%, respectively. Grade 3/4 hematologic tox-
icity was seen more often in the EP arm, while grade 3/4 diarrhea was exclusively
seen in the CP arm. Phase II evaluation of irinotecan/paclitaxel (61) and irinote-
can/etoposide (62) in extensive disease has shown promising results.

5.1.2. TOPOTECAN

Topotecan has been extensively studied in SCLC. Phase II trials demonstrated
response rates ranging from 12–38% in previously treated SCLC patients (63–
66), and response rates ranging from 33–39% in previously untreated patients (64,
67). In a randomized phase III trial, 211 patients with relapsed SCLC were ran-
domized to topotecan or CAV, with response rates of 24% and 18%, respectively
(68). The median survival was similar at approx 25 wks in both arms, although
symptoms were significantly improved in the topotecan arm. Based on these
results, topotecan has been approved in the United States as a single-agent therapy
for relapsed SCLC. Ongoing studies will determine the response rates of oral
topotecan in SCLC. Topotecan has been evaluated in combination with paclitaxel
(69), and trials are evaluating its use in combination with EP or EC. A random-
ized ECOG trial evaluated the role of topotecan maintenance after initial EP
in 405 previously untreated patients with extensive-stage disease. Of these, 227
patients with stable or responding disease after initial EP were randomized to
receive no further therapy or 4 cycles of topotecan. There were additional responses
and improved progression-free survival for patients who received topotecan, but
there was no impact on overall survival in these patients (70).
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5.1.3. PACLITAXEL

In phase II studies, the efficacy of paclitaxel in SCLC was demonstrated with
response rates ranging from 34–68% reported (71,72). Paclitaxel in combina-
tion with etoposide and cisplatin has been found to be highly effective in phase
II studies, with responses of 56% and 90%, including 12% and 16% complete
responses (73,74). A randomized study from Greece, in which 133 previously
untreated patients received paclitaxel, cisplatin, and etoposide (TEP) or EP,
found no difference in response rates, median survival, and overall survival, but
there was a significant increase in toxicity-related deaths in the triple-drug arm,
leading to premature termination of the trial (75). In a recent randomized Ger-
man trial, the combination of paclitaxel, etoposide, and carboplatin (TEC) when
compared to a regimen of carboplatin, etoposide, and vincristine (CEV) in 584
untreated patients with both limited- and extensive-stage disease, demonstrated
no additional toxicity (76). A randomized 170-patient American study evaluated
EC with or without the addition of paclitaxel. Preliminary analysis showed mod-
est improvements in the overall response rate, with a trend toward improvement
in survival limited to patients with extensive-stage-disease patients (77).

5.1.4. OTHER AGENTS

In studies of docetaxel in SCLC, one trial showed a response rate of 25% in
previously treated patients (78), while in another study 17% of previously untreated
patients showed responses (79). In a study of single-agent gemcitabine in previ-
ously treated SCLC patients, a response rate of 27% was observed (80). Vinorel-
bine has been evaluated in previously treated patients with SCLC, with response
rates in phase II studies ranging from 13– 27% (81–84).

The incorporation of anthracyclines into standard combination chemotherapy
was re-investigated in the treatment of SCLC in a recent randomized French
study (85). A combination regimen consisting of cisplatin, cyclophosphamide,
etoposide, and epirubicin was compared with EP in 226 patients with extensive
SCLC. The response rates were 76% and 61%, respectively, and translated into
improved median survival and overall survival at 12 and 18 mo. However, there
was a nearly fourfold increase in febrile neutropenia (66% vs 18%), with a slight
increase in deaths on the four-drug arm.

The results of the current generation of randomized trials incorporating the newer
chemotherapeutic agents into combination regimens have been encouraging,
and are summarized in Table 4. There has been a demonstration of the utility of
irinotecan and epirubicin in improving outcome, yet trials including topotecan and
paclitaxel failed to show any benefit over existing therapy. The current standard
chemotherapeutic regimen in SCLC, outside of a clinical trial, remains EP or EC.
However, there is hope that with the introduction of these new agents, we may
finally see the end of the therapeutic plateau that has been omnipresent for the
last few years.
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5.2. Late Intensification with High-Dose Chemotherapy
Because SCLC is so highly responsive to chemotherapy, it represents an appro-

priate disease to study in the context of late intensification with high-dose chemo-
therapy and autologous hematopoietic support. Multiple small, nonrandomized
studies performed in the 1980s demonstrated an enhanced rate of complete responses
with no obvious survival benefits upon a combined analysis (86). In the only ran-
domized trial reported, 45 patients who had responded to induction chemother-

Table 4
Randomized Trials of Newer Chemotherapy Regimens

Study     Patients         Regimen Stage Survival    Comments

Noda 154 I 60 mg/m2 iv d 1, 8,15 LD, ED 387 d Improved
et al., IP: 77 pts P 80 mg/m2 iv, d 1 vs survival with
2000 (60) EP: 77 pts. vs 290 d irinotecan

E 100 mg/m2 iv, d 1–3 (p = 0.002) regimen
P 80 mg/m2 iv, d 1

Gatzemeir 584 T 175 mg/m2 iv, d 4 LD, ED Results No toxicity
et al., TEC: 290 pts. E 125 mg/m2 iv, d 1–3 not difference
2000 (76) CEV: 294 pts.  C AUC= 5 iv, d 4 available

vs
C AUC= 5 iv, d 1
E 159 mg/m2 iv, d 1–3
vs
 2 mg iv, d 1

Mavroudis 133 T 175 mg/m2 iv, d 1 LD, ED 10.5 mo No survival
 et al., TEP: 62 pts. E 80 mg/m2 iv, d 2–4 vs benefit,
2000 (75) EP: 71 pts. P 80 mg/m2 iv, d 2 11.5 mo, Paclitaxel

vs (p = NS) confers more
E 120 mg/m2iv, d 1–3 toxicity
P 80 mg/m2iv, d 1

Johnson Step I: 405 pts. Step I: 4 cycles EP ED only 8.7 mo Improv ed PFS,
et al., Step II: 227 pts. E 120 mg/m2 iv, d 1–3 vs No survival
2000 (70)  Tp-115 pts. P 60 mg/m2 iv, d 1 9.0 mo benefit with

 Obs-112 pts. Step II: 4 cycles Top (p = 0.71) topotecan
Top 1.5 mg/m2 iv, d 1–5

Pujol 226 P 100 mg/m2 iv, d 2 ED only 18% Improved OS,
et al., EP: 109 pts. Cy 400 mg/m2 iv, d 1–3 vs 66% febrile
2000 (85) PCyDE: 117 pts. d  40 mg/m2 iv, d 1 9% neutroopenia

E 100 mg/m2 iv, d 1–3 (p = 0.006) with 4-drug
vs regimen
EP as above

Birch 170 E 120 mg/m2 iv, d 1–3 LD, ED mature Trend for
 et al., EC: 86 C AUC = 6 iv, d 1 data improved OS
2000 (77) EC+T: 84 vs pending in ED

E 50/100 mg PO, d 1-10 (preliminary
C AUC = 6 iv, d 1 analysis)
T 200 mg/m2 iv, d 1

aE = etoposide, P = cisplatin, I = irinotecan, C = carboplatin, Cy = cyclophosphamide, T = paclitaxel, D =
epirubicin, Top = topotecan, LD = limited disease, ED = extensive disease, PFS = progression- free survival,
OS = overall survival, NS = not significant, Obs. = observation arm.
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apy were randomized to conventional or high-dose chemotherapy with marrow
support (87). In the dose-intense arm, 9 of 12 patients (75%) converted from a
partial to a complete response, compared to none of 8 patients following conven-
tional-dose treatment. Disease-free survival was enhanced, and a trend toward
higher median and long-term survival was observed in the high-dose arm. Local
control remained a major site of failure, because thoracic irradiation was not
employed. A more serious problem with the approach in this study was the high
toxic death rate of 18%.

Long-term follow-up results are available from a phase II study in patients
with limited SCLC who achieved complete responses (CR), or near-complete
responses with conventional chemotherapy followed by high-dose cyclophos-
phamide, carmustine, and cisplatin with hematopoietic stem-cell support, fol-
lowed by thoracic and prophylactic cranial irradiation (88). Among 36 treated
patients, the median progression-free survival (PFS) was 21 mo, with a toxic
death rate of 8%. The 2-yr and 5-yr progression-free survival rates were 53% and
41%, respectively. In the group of patients who were in CR or near-CR prior to
high-dose therapy, the 2-yr and 5-yr PFS rates were 57% and 53%, respectively.
In a feasibility study of 69 patients by the European Group for Blood and Marrow
Transplantation (EBMTR), 50 patients completed three courses, nine patients
completed two courses, and six patients completed one course of high-dose ifos-
famide, carboplatin, and carboplatin (ICE regimen) with hematopoietic stem-
cell support (89). The rates for toxic death and febrile neutropenia rate were 9%
and 66%, respectively. The response rate was 86%, of which 51% were complete
responses. Median survival in patients with limited disease was 18 mo, and 2-yr
survival was 32%; in extensive-disease patients the corresponding rates were
11 mo and 5%, respectively.

During the last decade, there has been a continual and substantial decline in
the morbidity and mortality with high-dose chemotherapy and the upper age for
eligible patients in many centers has increased to 65 yr. SCLC patients will always
have the added factor of potentially increased complications secondary to their
smoking history and associated lung damage. The use of radiotherapy after high-
dose therapy may increase the local control and improve long-term survival in
this situation. Ongoing randomized trials will assist in determining the role of
high-dose therapy in the subset of limited SCLC patients with good responses to
induction chemotherapy.

6. SUMMARY

The use of combination chemotherapy for SCLC has contributed to signifi-
cant improvements in local control and survival in both limited and extensive
disease. The initial enthusiasm generated by these significant therapeutic advances
has waned with the realization that a plateau has been reached, and no additional



302                Rathore and Weitberg

survival increments have been gained in the last decade. While a number of che-
motherapy regimens may be equivalent to EP or EC, alternating regimens or dose-
intense regimens have not gained widespread acceptance. The role for thoracic
irradiation and prophylactic cranial irradiation in limited SCLC has been firmly
established. What remains to be determined is whether these combinations incor-
porating some of the newer active agents, and the newer refinements in high-
dose chemotherapy with autologous hematopoietic support, will move us away
from this therapeutic plateau.
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1. INTRODUCTION

Several novel uses of radiation therapy are being explored in the effort to
improve the treatment of patients with lung cancer. It is important to emphasize
that the traditional “standard” dose of 60–65 gy of radiation therapy for patients
with unresected, locally advanced lung cancer yields local tumor control of only
15–17% when assessed by bronchoscopic biopsy 3 mo after completion of radi-
ation therapy (1). Thus, new strategies will be important if this figure is going
to be improved.

Because there is a dose-response relationship that governs the efficacy of
radiation therapy, radiation oncologists believe that radiation-dose escalation
may be important in clinical situations such as lung cancer in which local tumor
control is poor. Indeed, animal models confirm the importance of radiation dose
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in tumor control (2), and there is clinical data available to support this relation-
ship in patients with tumors of the head and neck (3), prostate (4), and lung (5).

Normal tissue toxicity from radiation is governed by many factors that include
radiation dose, the volume and type of normal tissue irradiated, intrinsic host
sensitivity, underlying organ dysfunction, and response modifiers such as che-
motherapy (6). The relationship between radiation dose, volume, and toxicity is
complex and organ-specific. Nevertheless, it is clear that if normal tissue dose
and volume are reduced, treatment toxicity is also reduced.

The strategies discussed in this chapter include those designed to increase
radiation dose to the tumor while maintaining or decreasing the dose to normal
tissue. These offer the potential to improve local tumor control and overall cure
rate at a comparable or decreased rate of normal tissue complications. The novel
strategies include conformal, three-dimensionally planned radiation therapy
delivered by static or intensity-modulated beams, particles such as protons with
improved physical dose distribution, and brachytherapy (the application of radi-
ation sources in close physical proximity to the tumor). Some of these treatments
may have applicability to both the chest and selected sites of metastatic disease,
such as the brain. Other strategies seek to exploit differences in radiation repair
capacity between tumor and normal tissue or overcoming tumor-cell repopula-
tion during radiation therapy by altering the conventional radiation fractionation
schedule. Drugs that potentially alter the radiation sensitivity of the tumor com-
pared to the normal tissue are also being evaluated. Finally, photodynamic therapy,
which combines visible light with a photosensitizer, that is preferentially retained
in the tumor, has been used for palliative treatment of advanced lung cancer and
curative treatment of small, early lesions in medically inoperable patients.

1.1. Three-Dimensional Conformal Radiation Therapy
Three-dimensional conformal radiation therapy (3DCRT) is a technical advance

in radiation therapy that permits more precise delivery of external-beam radiation
dose to the tumor, with concomitant sparing of normal tissue (7). Axial com-
puted tomography (CT scan) of the patient is obtained in the radiation treatment
position, with referencing of the scan to identifiable landmarks on the patient
and/or treatment table. The radiation oncologist then outlines on each tomo-
graphic section the precise location of the tumor and critical normal tissue struc-
tures. A treatment planning computer system with three-dimensional capability
stacks all the relevant CT slices and reconstructs images of both the tumor and
normal tissue. These images are viewed from multiple angles to generate radia-
tion-treatment beam orientations that maximize the dose to tumor and minimize
the dose to critical normal tissues. Such complex beam arrangements were pre-
viously not possible.

Initial efforts to apply this technology involved comparison of the dose dis-
tribution to the tumor target and surrounding normal tissues that was achievable



Chapter 13 / Radiation Therapy in Lung Cancer 309

with conventional treatment planning vs 3DCRT. In a study by Armstrong et al.,
3DCRT was able to deliver the specified dose of 70.2 gy to nearly 100% of the
gross tumor in all nine patients studied, whereas conventional plans achieved
this in only two of nine cases (8). The mean percentage of disease that received
less than the prescribed dose was 40% less with the 3DCRT than with conven-
tional radiation therapy. In general, this enhanced delivery of dose to gross tumor
was accompanied by a reduction in dose to lung parenchyma, resulting in a mean
normal-tissue complication probability (NTCP) that was only 36% of that seen
with conventional treatment. The mean esophageal NTCP with 3DCRT was 88%
of the mean NTCP with conventional treatment. Thus, these preliminary studies
suggested that 3DCRT may provide improved delivery of radiation therapy to
the tumor while sparing normal tissue, thereby improving the therapeutic ratio.
Indeed, dose-volume histograms show less dose to normal lung tissue when 3DCRT
is used to deliver radiation to treat patients with lung cancer.

Investigators at the University of Michigan at Ann Arbor are conducting a Phase
I study of radiation-dose escalation in patients with non-small-cell lung cancer
(NSCLC) employing 3DCRT (9). They constructed a model of NTCP related to
the radiation dose and effective lung volume, using figures from the literature.
With this model in place, they then assigned patients into one of five “bins” for
dose escalation. Patients with the largest effective lung volumes were started at
63.0 gy, while in the other bins, dose escalation started at 65.1 gy, 69.3 gy, 75.6
gy, and 84.0 gy respectively as the effective lung volume decreased. Dose would
then be escalated sequentially in each bin in a phase I fashion until ≥Southwest
Oncology Group Grade 3 pneumonitis (severe, requiring oxygen) was seen,
which would define the maximum tolerated dose in that bin. Treatment volumes
were conservative, and included gross tumor at the primary site, hilar/mediastinal
nodes if ≥1 cm in short-axis dimensions on CT scan, or proven to be involved
at bronchoscopy or mediastinoscopy. A 1-cm margin was added to cover setup
error and microscopic extension of tumor and additional margin was added as
needed to cover the respiratory motion noted on fluoroscopy. The dose to the
spinal cord was limited to 50 gy, while one-third of the esophagus was limited
to ≤65 gy. When the esophageal constraint could not be met, the patients were
assigned to the next lower treatment bin to maintain an esophageal dose below
the limit. Such patients were considered evaluable for dose-escalation purposes
unless a complication developed. Cardiac doses were limited to ≤40 gy to the
entire heart, while one-third of the effective volume of the heart could receive
≤65 gy.

Forty-eight patients had been gathered at the time of the first published report
of this experience. Forty-one patients received the planned radiation dose,
and one patient was still being treated at the time of the report. Two patients did
not receive the intended dose because of the development of metastases during
radiation therapy. Four patients received a lower dose because of esophageal
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limitations. No radiation pneumonitis was seen in the 30 evaluable patients with
at least 6 mo of follow-up after the completion of radiation therapy. All treatment
bins had been dose-escalated at least once, with current doses in the five treat-
ment bins at 69.3, 69.3, 75.6, 84, and 92.4 gy. Two patients in the large-volume
bin treated with 63 gy developed grade ≥3 esophagitis. Two patients with hilar
masses surrounding the pulmonary artery who received 65.1 gy exsanguinated
within 1 mo of completion of radiotherapy. As this complication is well-described
in this setting, and the radiation was well within the range conventionally given
for lung cancer, they did not consider it a dose-limiting toxicity.

Review of the sites of first failure using radiographic criteria found 12 patients
failing distantly: two with concurrent local and distant failure, one with concur-
rent distant failure and a suspicious mediastinal node outside the planning target
volume, and five with radiographic local failure alone. Of the 10 patients treated
with ≥84 gy, biopsy-proven residual or locally recurrent disease occurred in three
patients and three patients with complete response on follow-up bronchoscopy.
Importantly, this study demonstrated a successful and clinically well-tolerated
approach to dose escalation in this patient population. Some patients have been
treated to doses as high as 92.4 gy—over 50% higher than the traditional dose
of 60 gy without a treatment complication.

This study continues with the goal of defining the maximally tolerated dose
for future phase II, and ultimately phase III, studies. A recent update of this expe-
rience noted the addition of neoadjuvant cisplatin (100 mg/m2 d 1, 29) and vino-
relbine (25 mg/m2 d1.8,15,22,29) in selected good-performance-status patients
(PS 0–2) with less than 20% weight loss prior to radiation therapy (10). Current
dose levels for patients treated with radiation therapy alone are 102.9 gy in the
two smallest volume bins, 84 gy in the middle bin, and 75.6 gy in the largest bins;
for patients treated with chemotherapy, the dose levels are currently at 92.4 gy
in the two smallest bins and the same in the other bins. Notably, no isolated treat-
ment failures have been seen in untreated nodal areas. Among the 53 patients in
whom treatment failed, isolated failure in the planning target volume occurred
in 18 (34%), while 28 (52%) had an isolated distant failure, with the others failing
with a mixed pattern. Dose-limiting toxicity has not yet been reached. Tolerance
doses for both the lung and esophagus seem to be higher than previously pre-
dicted when these conformal techniques and smaller volumes are employed.
Dose constraints to the esophagus were relaxed to allow one-third of the esopha-
gus to receive 80 gy. It hoped that these escalated doses will result in improved
local control and cure rate in patients with unresected non-small-cell lung cancer
(NSCLC). At the same time, these sophisticated radiation-therapy treatment
techniques may achieve these treatment gains with comparable or lower compli-
cation rates than those seen with conventional radiotherapy. A report of confor-
mal radiotherapy from Memorial-Sloan Kettering Cancer Center, albeit at doses
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only modestly higher than conventional, also suggests promising survival for
patients with NSCLC treated with three-dimensional conformal therapy. They
reported outcome in 45 patients who were planned to receive 70.2 gy, noting a
59-mo survival rate of 12% and ≥grade 3 pneumonitis rate of 9% (11).

1.2. Stereotactic Radiosurgery
A specialized application of conformal radiation therapy is stereotactic radio-

surgery (SRS) (12). This precision radiation technique allows for the delivery of
high-dose radiation to specific circumscribed volumes in the body. To date, the
technique has been used primarily for intracranial lesions, including metastases,
arteriovenous malformations, benign lesions such as acoustic neuromas, and
small (≤4 cm) primary glioblastoma multiforme lesions. The radiation dose con-
forms very tightly around the target lesion with millimeter precision. Because of
the precision necessary to do this, patients are rigidly immobilized, usually in
a rigid stereotactic headframe, that is often temporarily fixed to the skull with
screws. CT images acquired with the patient in the headframe can be fused with
MRI images to localize and reference the tumors for radiation delivery. Radia-
tion-treatment planning software is employed to map out the optimal combina-
tion of radiation beams, which are usually multiple and delivered through small
apertures. Most stereotactic treatments for adult solid-tumor metastases have
been given as single stereotactic fractions, often combined with whole-brain
radiotherapy.

Three primary radiation delivery systems have been employed for SRS. The
most common is a modified linear accelerator, because of the wide availability
of linear accelerators in radiation-therapy facilities (13). Patients are treated
while rigidly immobilized in the headframe, usually with multiple arcing fields
delivered through special collimators. Also used is the gamma knife, a hemi-
spheric assembly of 201 cobalt sources focused on a single spot (14). The aper-
tures of selected cobalt sources can be closed to shape the radiation beam around
the lesion. The third system employs protons or heavy particles generated in cyc-
lotrons or synchrotrons (15). These particles have the physical advantage of very
rapid decrease in dose beyond a certain depth in tissue, referred to as the Bragg
peak, allowing very great sparing of normal tissues beyond that depth limit. How-
ever, because of the complexity and expense of these machines, availability is
limited and they are the most rarely used.

In the setting of patients with lung cancer, SRS has primarily been employed
for treatment of metastatic lesions to the brain, although there is some very pre-
liminary experience with stereotactic radiation to thoracic lesions. It is worth
noting that randomized data show that surgical resection of a single brain meta-
stasis followed by whole-brain radiotherapy of 36 gy improved median and 1-yr
survival, intracranial tumor control, and functional status when compared to treat-
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ment with only radiotherapy of 36 gy (16). Reports of combinations of whole-
brain external-beam radiotherapy and SRS indicate that the technique seems to
achieve similar rates of intracranial control and survival to that achieved with
resection and whole-brain radiotherapy. Radiosurgery appears to be a more cost-
effective procedure than resection (17). Median survival after SRS is reported in
the 7–18 mo range (18). Reports suggest that patients with controlled extracra-
nial disease, higher performance status, longer disease-free interval, and age <70
yr are more likely to benefit from the procedure (12).

Several preliminary reports have described stereotactic radiation delivery to
primary lung lesions. Blomgren et al. developed a stereotactic body frame with
a fixation device for stereotactic radiation therapy of extracranial targets (19).
Most of the patients had solitary tumors in the liver, lung, or retroperitoneal
space. They treated small target volumes (median vol 78 cc) giving 7.7–30 gy/
fraction for 1–4 fractions to a total minimum tumor dose of 7.7–45 gy. No evi-
dence of local tumor progression was shown in 80 of the treated lesions, during
a follow-up of 1.5–3.8 mo. Fifty percent of the tumors decreased in size or dis-
appeared. Uematsu et al. developed a novel treatment unit for administering stere-
otactic radiation therapy that included a linear accelerator, a radiotherapy planning
simulator, and a CT scanner for localizing lesions, and a table (20). Patients were
instructed to perform shallow respiration, during which they underwent CT posi-
tioning. Once the lesion was localized, the table was rotated to the linear accel-
erator to deliver radiotherapy. They reported treatment of 45 patients with 23
primary or 43 metastatic lung carcinomas. Radiation doses given to the 80%
isodose line were 30–75 gy in 5–15 fractions over 1–3 wk with or without conven-
tional radiation therapy. They reported no—or minimal—acute adverse symp-
toms. During a follow-up of 11 mo, local progression occurred in only 2 of 66
lesions.

At this point, SRT has achieved clinical acceptance for treatment of intracra-
nial lesions in patients with controlled extracranial disease and good performance
status, and appears to be a very acceptable alternative to neurosurgical resection.
SRT of primary lesions in the chest is still in its infancy, but does offer the poten-
tial for delivery of very focused radiation doses to primary lung cancers. One can
envision a role for this specialized form of radiotherapy as cone-down boost to
the primary lesion after a course of conventional or conformal external-beam
radiotherapy as a means of improving local tumor control in the chest. Another
potential role would be for treatment of second primary lesions in patients with
poor pulmonary function who would be poor candidates for resection.

1.3. Intensity-Modulated Radiation Therapy

Intensity-modulated radiation therapy is the newest development in external-
beam radiation therapy planning and delivery (21). This technology modulates
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or varies the radiation-beam profile across the radiation field, allowing one to
closely conform the radiation dose to the desired target volume. This treatment
has obvious advantages where normal tissues such as the spinal cord may other-
wise limit the radiation dose that can be delivered to the tumor. The technology
can also be used to compensate for irregular surface contours in the patient, thereby
reducing “hot” and “cold” spots in the radiation-dose distribution. Because “hot”
spots are often associated with normal tissue toxicity while “cold” spots within
a tumor increase the probability of tumor recurrence, this technology offers
enhanced probability for complication-free tumor control (22).

The beam is modulated with multileaf collimators (MLC). The MLC consists
of a series of movable high-density metal rods in the head of the treatment machine
that can be programmed to sequentially block the radiation beam in a differential
fashion over short time intervals (23). Hence, the dose intensity beneath any
individual leaf or rod can be varied or “modulated.” When combined with sophis-
ticated treatment planning computers, this technology can be used to develop a
sequence of rod positions, treatment-field sizes, and linear accelerator gantry
angles that can optimize the radiation-dose distribution (see Fig. 1).

Fig. 1. Color-wash dose distribution comparing intensity modulated proton radiotherapy
on the left with intensity modulated photon radiotherapy on the right. Note reduction in
peripheral lung dose with protons (courtesy of Noah C. Choi, MD, and Alfred R. Smith,
PhD, Radiation Oncology, Massachusetts General Hospital).



314          DeLaney

1.4. Particles
Conventional radiation therapy employs photons for delivery of radiation

dose to tumors in the chest. When photons interact with tissue, they deposit radi-
ation energy in a predictable fashion dependent upon their incident energy and
the tissue density. High-energy megavoltage photons provide relative dose-spar-
ing of skin and subcutaneous (sc) tissues for the first 1–5 cm of tissue, as full
electronic equilibrium has not yet been reached. A dose maximum is then reached
at a characteristic depth related to incident energy, and dosage subsequently
gradually falls as the photons travel deeper into tissue. In practice, this means
that some radiation dosage is delivered both anterior and posterior to any target
structure in the beam when using photons. In contrast, particles such as protons,
which have both charge and mass, will travel a finite distance in tissue and then
deposit a substantial proportion of their energy in a very narrow range in tissue
referred to as the Bragg-peak depth. Dosage falls off very rapidly beyond that
depth. This physical property of charged particles provides a physical dose advan-
tage compared to photons (15). Normal tissues beyond the range of the particles
will be spared from receiving the radiation dose (Fig. 1).

Heavy particles or protons are generated in expensive generators called cyclo-
trons or synchrotrons, which thus far has limited their availability. However,
new hospital-based cyclotrons are being developed. One is currently in operation
in Loma Linda in California, another is being commissioned at the Massachu-
setts General Hospital in Boston, and others are being planned elsewhere in the
United States and abroad.

Satoh and colleagues reported proton-beam treatment of 14 patients with
stages IA to III NSCLC medically inoperable because of pulmonary or cardiovas-
cular disease (24). They delivered a mean of 76 ± 12 gy in 24 ± 14 fractions over
36 ± 14 d. The tumors ranged in size from 5–87 mm. The tumor size decreased
in 12 (86%) of the patients. In patients with stage IA/IB NSCLC the 1-, 3-, and
5-yr survival rates were 63%, 38%, and 25%, respectively. No significant changes
in vital capacity, forced expiratory volume in 1 second (FEV1) diffusing capac-
ity, and partial pressure of oxygen were observed.

The Loma Linda group evaluated the frequency and severity of pulmonary
injury as revealed by CT scanning in two groups of patients who had undergone
proton treatment for lung cancer. In one group, protons were delivered in con-
formal fashion to a small treatment volume. In the other group, they treated a
larger volume with a combination of photons and conformal protons. Conformal
proton-beam radiation therapy to a small treatment volume was associated with
a lower frequency of pulmonary injury than the combined photon/proton regi-
men. Injury correlated well with the volume of normal lung that was irradiated.
Conformal proton irradiation appeared to reduce the incidence and severity of
pulmonary injury that could be revealed by CT scan (25).
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1.5. Brachytherapy
Brachytherapy refers to the direct application of radioisotopes either into or

immediately adjacent to a tumor (26). The geographic proximity of the isotope
to the tumor and the short range in tissue of the radiations emitted by the isotopes
employed can provide higher radiation doses to tumor while sparing adjacent
normal tissues. Interstitial brachytherapy—the placement of radioisotopes directly
into the tumor bed in situations where no lumen (lm)—exists—has been rarely
used in patients with lung cancer. The Memorial-Sloan Kettering Cancer Center
group has reported its use after pre-operative radiotherapy of 40 gy in patients
with close or positive resection margins at the time of resection of superior sulcus
tumor (27). No advantage for brachytherapy was seen in patients able to undergo
a complete resection. For those patients with incomplete resection or no resec-
tion, the use of brachytherapy combined with external-beam irradiation resulted
in a 9% 5-yr survival.

Endobronchial brachytherapy has been the more commonly used brachyther-
apy technique investigated and reported in patients with lung cancer. It has been
employed in patients treated with curative intent as well as for palliation of bron-
chial obstruction. Applicators, usually hollow plastic catheters, are placed with
a bronchoscope into the tracheal or bronchial lm. Treatment is then delivered to
the endobronchial tumor plus 1–2 cm proximal and distal margin. Radioisotope
sources are delivered through the applicator, and dose is usually prescribed to a
depth of 1 cm deep to the sources. While lung brachytherapy has been practiced
for many years, interest in the modality has increased recently with the availabil-
ity of small, high-activity sources in computerized, remote afterloading machines.
These rapidly deliver the radiation dose to the patient in a shielded room while
the medical personnel are outside the room and effectively shielded from any
radiation exposure. The source position and dwell time of the radioisotope source
can be varied to achieve an optimal dose distribution (Fig. 2).

There have been only limited reports of brachytherapy alone with curative
intent for patients unable to undergo surgery for limited invasive endobronchial
tumors. Tredaniel et al. reported treatment of 29 patients with primary (13) or
locally recurrent tumors after prior radiotherapy (16) (28). Tumors were visible
in the endobronchial lm and extended no further than 1 cm out from the bronchus.
The most common brachytherapy dose was 42 gy, prescribed to a depth of 2 cm
given in two fractions of 7 gy 1 d apart and repeated 15 and 30 d later. Broncho-
scopy 2 mo after treatment documented a macroscopic complete response in 21
of 25 patients. Median overall survival was not yet reached after 23 mo of follow-
up. Fatal hemoptysis occurred in five patients, but recurrent disease was sus-
pected in all.

Massive hemoptysis has been reported, however, after endobronchial brachy-
therapy (29). Because proximal lung cancers—especially those that are locally
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recurrent—can cause hemoptysis from erosion of uncontrolled tumor into major
vessels (30), it is not clear whether brachytherapy has been a contributing factor
to the massive hemoptysis in these patients. Because of the inverse square laws
that govern brachytherapy dose distribution, however, radiation dose immedi-
ately adjacent to the radiation sources will be very high. Because of the variation
in airway diameter and the variable position of the treatment applicator within
the bronchial lm (the currently available applicators are not reproducibly centered
within the bronchial lm), the bronchial mucosa and underlying blood vessels can
receive very high doses, possibly resulting in the observed complications. Fur-
ther study is required to clarify the relationship, if any, between endobronchial
irradiation and hemoptysis in this patient population.

Because it can be difficult to delineate tumor margins in patients with lung ata-
lectasis secondary to bronchial obstruction, it can be difficult to spare normal lung

Fig. 2. High-dose brachytherapy planning radiograph for a patient with medically inoper-
able stage I large-cell undifferentiated carcinoma of the proximal left upper lobe bronchus.
The patient received 69 gy external-beam radiotherapy plus 6 gy high-dose rate brachy-
therapy boost. The patient remains free of disease 2 yr after treatment.
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tissue when such patients are irradiated. In this setting, endobronchial radiother-
apy has been used prior to external-beam radiotherapy to quickly relieve obstruc-
tion and reduce the volume of normal lung in the radiation field. Bastin et al.
reported 15 such patients with complete re-expansion of lung in 40% and partial
re-expansion in 27%, resulting in 25–47% reduction in normal lung irradiated (31).

Brachytherapy has been used as a boost either before, during, or after external-
beam radiotherapy, primarily for patients with proximal, stage III, unresectable
NSCLC. One regimen employed 60 gy of external-beam radiotherapy plus three
high-dose-rate brachytherapy fractions of 7.5 gy given weekly during wk 1, 3, and
5 of the external-beam radiotherapy (32). The reported median survivals range
from 11–13 mo, which is not clearly different from series employing external-
beam radiotherapy, so it is not yet clear whether the technique offers additional
survival benefit for patients. Responses have often been scored bronchoscopic-
ally, although no standard response criteria have been used. Reported response
rates have been 56–86%. A hemorrhage rate of 7.3% was reported in one series,
which is in the range of reported with external-beam radiotherapy (27).

Endobronchial brachytherapy has also been used for palliation in patients with
advanced disease, poor performance status, or poor pulmonary function. In a
highly comprehensive review of brachytherapy in lung cancer, Gaspar summa-
rized the three common settings in which palliative brachytherapy has been used
(29). These were brachytherapy alone in newly diagnosed patients, brachytherapy
plus external-beam radiotherapy in newly diagnosed patients, and brachyther-
apy alone in patients who had failed after full dose-external-beam radiotherapy.
A large series of 322 patients treated with brachytherapy alone was reported
from the Christie Hospital in Manchester, England. Many were deemed inop-
erable secondary to poor performance status or pulmonary function (33). Six
weeks after treatment, improvement in tumor-related symptoms was noted in
most patients. Specifically, there was improvement in symptoms in the follow-
ing percentage of symptomatic patients: stridor in 92%, hemoptysis in 88%,
cough in 62%, dyspnea in 60%, pain in 50%, and pulmonary collapse in 46%.
Median survival, however, was only 6 mo. Massive hemoptysis was seen in 8%
of patients, with multivariate analysis associating brachytherapy dose >15 gy,
prior laser therapy, second brachytherapy treatment, and concurrent external-
beam irradiation with this complication. External-beam radiotherapy has been
recommended in addition to brachytherapy if there is bulky mediastinal lymph-
adenopathy. Otherwise, brachytherapy seems to provide adequate palliation.

Brachytherapy has been employed for treatment of recurrent symptomatic endo-
bronchial disease, with symptom relief achieved in approx 75% of patients for
up to 6 mo duration. Although most series reported hemoptysis rates of less than
10%, one series had a 32% rate of death from massive hemoptysis at a median
of 10 wk after brachytherapy (34). This complication occurred only in patients
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with upper-lobe or right mainstem bronchus tumors. It has been suggested to list
this as a potential complication of the procedure.

1.6. Altered Radiation Fractionation
Conventional radiation therapy for lung cancer has been given in daily doses

of 1.8–2.0 gy (180–200 rads), 5 d per wk to doses of approx 60–65 gy for NSCLC
and 45–65 gy for small-cell lung cancer (SCLC). The Radiation Therapy Oncol-
ogy Group (RTOG) protocol 73–01 evaluated standard-fractionation radiother-
apy of 2.0 gy daily, 5 d per wk for patients with NSCLC and demonstrated a dose
response for local control: 48% at 40 gy, 65% at 50 gy, and 61% at 60 gy (5).
Radiation dose has also been shown to be important in thoracic disease control
in patients with SCLC (35). Cisplatin-based chemotherapy, given as neoadjuvant
or concurrent therapy with these radiation schedules, has been shown to improve
survival in selected patients with NSCLC and, of course, has been the corner-
stone of treatment for SCLC (36–38). These radiation schedules and doses have,
however, been associated with suboptimal rates of loco-regional disease control.
In patients with NSCLC, bronchoscopically confirmed rates of local disease
control have only been in the range of 15–17% (1). Thoracic disease control in
patients with SCLC treated with chemotherapy and once-daily radiotherapy has
only been approx 50–60% (35,39).

As noted previously, investigators have embarked on attempts to escalate
radiation dose to improve thoracic disease control. Three-dimensional confor-
mal radiotherapy is a physical strategy for doing this. A biologic strategy for dose
escalation is hyperfractionation, the delivery of multiple smaller radiation frac-
tions in a single day. This strategy exploits a difference in radiation repair kine-
tics between tumors and normal tissue (40). At low radiation doses, normal tissue
repairs radiation damage more quickly and completely than tumors. The total
radiation dose that can be delivered to the tumor is normally limited by the radia-
tion tolerance of the surrounding normal tissues. Delivery of radiotherapy in
small radiation fractions (separated by time intervals that permit normal tissue
radiation damage repair) allows a higher total radiotherapy dosage to surround-
ing normal tissue, and thus, to the tumor as well. Between 1983 and 1987, the
RTOG conducted a phase I/II trial of hyperfractionated radiation therapy at 1.2
gy bid with patients randomized to receive total doses of 60.0, 64.8, 69.6, 74.4,
and 79.2 gy. There was a suggestion of a survival benefit with doses ≥69.6 gy in
patients with stage III disease with Karnofsky performance status 70–100 and
less than 6% weight loss (41). A subsequent three-arm Intergroup trial compared
conventional radiotherapy (XRT) of 60 gy in 30 fractions to induction chemo-
therapy with two cycles of cisplatin (100 mg/m2 on d 1 and 29) and vinblastine
(5 mg/m2 on d 1, 8, 15, 22, and 29) followed by conventional XRT of 60 gy in 30
fractions to hyperfractionated XRT of 69.6 gy at 1.2 gy bid (42). Median survival
was 11.4 mo for conventional XRT, 12.2 mo for hyperfractionated XRT, and
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13.7 mo for the induction chemotherapy/conventional XRT arm. Survival rates at
2 and 5 yr for the three arms respectively were: 20%/5%, 24%/6%, and 31%/8%.
The survival gain was significant for the induction chemotherapy arm (p = 0.04),
but did also suggest that hyperfractionated radiotherapy could lead to improved
survival (43).

More recently, hyperfractionated radiation therapy of 69.6 gy at 1.2 gy bid,
combined with 50 mg of carboplatin and 50 mg of VP-16 chemotherapy given
on each day of radiotherapy, has been shown to be superior to hyperfraction-
ated radiation therapy alone (44). The combined modality group demonstrated
improved survival with 4 yr figures of 23% and 9.1% respectively (p = 0.021),
related primarily to a significant improvement in local disease control, 42% vs
19%, p = 0.015. It is not yet known whether the hyperfractionated radiotherapy
given with chemotherapy is superior to once-daily conventional radiotherapy
with chemotherapy. This question is addressed in the ongoing three-arm RTOG
94-10 trial comparing induction cisplatin 100 mg/m2 on d 1,29 and vinblastine
5 mg/m2 on d 1, 8, 15, 22, and 29 plus daily radiotherapy in arm 1 with the same
chemotherapy given concurrently with daily radiotherapy in arm 2 or concurrent
cisplatin 50 mg/m2 on d 1, 8, 29, and 36, oral etoposide 50 mg twice daily on days
1–10 and 29–38, and hyperfractionated XRT to a total dose of 69.6 gy at 1.2 gy
bid in arm 3.

Further intensification of radiotherapy has been evaluated in trials studying
accelerated hyperfractionated radiotherapy. These schedules, which give ≥1.5
gy of radiotherapy ≥bid, were designed to overcome the problem of accelerated
repopulation by tumor cells that occurs during a more prolonged standard course
of radiotherapy. Saunders et al. reported that their CHART regimen (continuous
hyperfractionated accelerated radiation therapy) of 1.5 gy tid to 54 gy over 12
elapsed days resulted in a statistically significant improvement in 2-yr survival
to 29% compared to 20% for conventional XRT (45). The improvement in sur-
vival was related to improved local control of tumor with the accelerated sched-
ule. Importantly, no difference in short- or long-term morbidity was seen with the
CHART regimen (46). The Royal College of Radiologists in Britain now con-
siders the CHART regimen the standard of care for unresectable, NSCLC (47).
Another randomized phase III study of accelerated radiotherapy vs conventional
radiotherapy given with or without concurrent carboplatin, was negative, with-
out any significant advantage for any of the treatment arms (48). This was a some-
what smaller trial than the CHART trial, and had fewer patients with squamous
cell carcinoma (SCC), in whom the CHART regimen was most beneficial. The
patients in this Australian trial received 60 gy in 6 wk or 3 wk, with carboplatin
given to one-half the patients, at 70 mg/m2/d for 5 d during wk 1 and 5 of con-
ventional radiotherapy or wk 1 of accelerated radiotherapy. Hematological tox-
icity was worse in the chemotherapy patients, while acute esophageal toxicity
was more pronounced in the accelerated radiotherapy patients.
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A regimen similar to CHART has been evaluated by the Eastern Cooperative
Oncology Group (ECOG), which studied the HART (hyperfractionated accel-
erated radiotherapy) regimen of 1.5–1.8 gy tid to 57.6 gy over 16 d. Unlike the
CHART regimen, no radiotherapy was given on weekends. The preliminary
results showed a median survival of 19 mo and a 1-yr survival of 57%, similar
to that which could be achieved with induction chemotherapy in the the CALGB
and Intergroup trials (49). The Eastern Cooperative Oncology Group is currently
conducting a randomized trial comparing standard RT of 60 gy in 6 wk to the
HART regimen after induction chemotherapy with carboplatin and paclitaxel
given on d 1 and 22. This trial will hopefully characterize the role of the accel-
erated radiotherapy in these patients.

The North Central Cancer Treatment Group conducted a three-arm trial com-
paring standard fractionated thoracic radiotherapy with accelerated hyperfrac-
tionated thoracic radiotherapy 1.5 gy bid to 60 gy with a 2-wk break after the first
30 gy given with or without concomitant cisplatin (30 mg/ m2 d 1–3 and 28–30)
and etoposide (100 mg/m2 d 1–3 and 28–30) (50). There were suggestions of
improved local control and survival for patients treated with accelerated radio-
therapy with or without chemotherapy compared to standard radiation therapy
(p = 0.06 and 0.10, respectively). Because the trial had only 99 eligible patients,
it was underpowered, so the authors rightly concluded that further investigations
comparing standard with accelerated radiotherapy were warranted.

Hyperfractionated radiation therapy has also been evaluated in patients with
small-cell carcinoma. Because studies of radiation sensitivity of small-cell car-
cinoma cells in vitro have demonstrated the absence of a shoulder on the survival
curve (51), hyperfractionated radiotherapy would seem to be a logical treatment
approach. A small dose per fraction causes less damage to tissues whose survi-
val curves manifest a shoulder (most normal tissues and some tumors), while
cells without a shoulder are killed exponentially, even with small doses. Because
small-cell carcinoma cells often proliferate rapidly (52), acceleration of the radio-
therapy should theoretically help to limit the deleterious effect of tumor-cell repop-
ulation on control of the tumor. Twice daily accelerated thoracic radiotherapy at
1.5 gy bid to a total dose of 45 gy in 3 wk starting during the first of four 21-day
cycles of cisplatin/etoposide was shown in a randomized trial to be superior to
the same total dose of radiotherapy given at a conventional schedule of 1.8 gy
qd over 5 wk (53). Five-year survival in the twice-daily group was 26%, signifi-
cantly better than the 16% figure for the once-daily group, p = 0.04. As anticipated,
however, grade 3 esophagitis was significantly more frequent in the twice-daily
group, occurring in 27% of patients, as compared with 11% in the once-daily
group. Because these two regimens were not equitoxic, it may be argued that a
higher total dose of radiotherapy could be given with a once-daily schedule.
Indeed, a phase I study was performed to determine the maximum tolerated dose
(MTD) of radiation in standard daily and hyperfractionated-accelerated (HA)
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schedules in patients with limited-stage SCLC (54). Radiotherapy was given con-
currently with cisplatinum/etoposide chemotherapy after three cycles of induc-
tion cisplatinum/cyclophosphamide/etoposide chemotherapy. Radiotherapy
to the initial volume was kept at 40–40.5 gy while it was gradually increased to
the boost volume by adding a 7–11% increment to the total dose in subsequent
cohorts. The MTD was defined as the radiation dose level at one cohort below
that which resulted in more than 33% of patients experiencing grade ≥4 acute
esophagitis and/or grade ≥3 pulmonary toxicity. Esophagitis was the dose-limit-
ing toxicity in both arms. The MTD of HA twice-daily RT was determined to be
45 gy in 30 fractions over 3 wk, while it was found to be a least 70 gy in 35 frac-
tions over 7 wk for standard daily radiotherapy. Hence, a randomized trial of hyper-
fractionated accelerated radiotherapy vs standard fraction daily radiotherapy at
equitoxic doses will be needed to determine which is superior in patients receiv-
ing chemoradiation treatment for SCLC.

1.7. Radiation Protectors and Sensitizers

Amifostine (WR-2721), a sulfhydryl compound, has been found in vitro and
in vivo to selectively protect normal tissues from the cytotoxic effects of alkylat-
ing and platinum-based chemotherapy as well as ionizing radiation (55). Phase I
studies identified hypotension and nausea as the principal acute toxicities of
amifostine (56). Subsequent studies demonstrated that pretreatment with amifo-
stine resulted in reduced chemotherapy and radiotherapy-related toxicities with-
out loss-of-treatment efficacy (57,58). Tannehill et al. reported a phase II trial
evaluating toxicities associated with the use of amifostine in patients undergoing
sequential chemotherapy and radiotherapy for treatment of unresectable lung
cancer (59). Twenty-six patients with unresectable stage IIIA or IIIB NSCLC
received amifostine 740 or 910 mg/m2 followed by cisplatinum (120 mg/m2) on
d 1 and 29. Vinblastine 5 mg/m2 was given weekly for 5 wk with no amifostine
pretreatment. Following chemotherapy, patients received amifostine (340 mg/
m2 4 d a wk for 5 wk or 200 mg/m2 5 d a wk for 6 wk) 15 min before definitive
thoracic radiation therapy to a dose of 60 gy in 6 wk. Twenty-five patients were
assessable for response and survival. The objective response rate was 60%. One-,
2- and 3-yr survival rates were 55%, 23%, and 23%. There was no grade 3 or
greater renal toxicity during chemotherapy or grade 3 or greater esophagitis dur-
ing radiation therapy. Neutropenia secondary to vinblastine was the only grade
4 toxicity. This study suggested that amifostine could be administered during
chemotherapy and radiation for NSCLC with response and survival rates that sug-
gested that it did not impair response to treatment. The RTOG is conducting a
randomized phase III trial 9801 to determine whether amifostine affects toxicity
or efficacy of treatment in patients with stage II and III NSCLC receiving induc-
tion carboplatin/paclitaxel and concurrent hyperfractionated radiation therapy.
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Interferons have been studied as potential enhancers of radiation cytotoxicity
in patients with NSCLC. Radiosensitization of bronchogenic carcinoma cells by
interferon beta has been demonstrated in the laboratory (60). In addition, murine
experiments suggested some degree of protection against pulmonary fibrosis
induced by radiotherapy with interferon beta (61). With these observations in mind,
the University of Rochester group performed a phase I/II study of combined
interferon beta (10–90 million IU iv) immediately preceding RT on the first 3 d
of wk 1, 3, and 5 of daily radiotherapy of 54–59.6 gy at 1.8 gy/d (62). They reported
a 44% complete response rate. In 26 patients with stage IIIA/IIIB disease, 5-yr
actuarial survival was 31%. No treatment-related deaths or life-threatening tox-
icity during treatment were reported, nor was any long-term toxicity seen. The
group was encouraged by these results, and advocated further study of interferon
beta in patients undergoing radiotherapy for inoperable NSCLC. In contrast,
interferon alfa (63), and interferon gamma (64) have been reported to cause
prohibitive enhancement of normal lung reactions in patients undergoing radio-
therapy for lung cancer.

1.8. Photodynamic Therapy

Photodynamic therapy (PDT) is a relatively new modality for treatment of
solid tumors, including lung cancer (65). PDT involves the interaction of a syste-
mically administered photosensitizer that is preferentially retained in tumors with
an appropriate wavelength of light to selectively destroy the tumor. One photo-
sensitizer, Photofrin, a mixture of oligomeric porphyrins, has been approved for
use in the United States in patients with lung cancer and obstructing esophageal
cancers. Several other photosensitizers are in clinical trials. Photofrin has been
given by iv injection at 2 mg/kg 2–3 d prior to light delivery. The drug is not
active until activated by light of appropriate wavelength. The drug is, however,
retained in skin for 4–6 wk, rendering patients highly photosensitive to outdoor
sun exposure or other bright lights during this time period. Several of the newer
photosensitizers have less and shorter cutaneous photosensitivity (65). Photofrin
is gradually cleared or bleached from the skin under normal indoor light condi-
tions. In the pulmonary setting, light has been delivered to the tumor with optical
fibers connected to a laser. The optical fibers are passed through the broncho-
scope to reach the tumor. The fibers have cylindrical light-diffusing tips, which
are directed into the involved bronchus. In cases where an obstructing lesion is
present, they can be placed directly into the tumor. The photosensitizer in a low-
energy (ground) state is excited by the absorption of light. In this energetic state,
it can react with oxygen, which undergoes a spin-state transition to yield cyto-
toxic singlet oxygen (1O2) (65). The cytotoxic singlet oxygen produces tumor
necrosis. Necrotic tumor has been removed from the bronchus with a clean-out
bronchoscopy several days after initial light delivery (66).
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Clinical approval for use of PDT for early stage NSCLC was based on clinical
trials conducted in Canada and Europe with 102 patients with early stage, radio-
graphically occult tumors. Patients were not eligible for surgery for various rea-
sons, including prior resection and poor pulmonary function. Light dose was 200
Joules/cm of diffuser tip. Clean-out bronchoscopy was done 2 d later. Histologic
complete response (CR) was achieved in 79% of patients, with more than one-
half remaining a CR for more than 2 yr. Median survival for the patients was
3.5 yr, with a disease-specific survival of 5.7 yr. Median time to recurrence was
2.8 yr. The most common adverse reactions were sunburn (23%), exudate (23%),
obstruction (21%), and edema (18%) (67).

PDT is also an option for palliation of endobronchial obstruction. It has been
compared to Nd-YAG laser and found to be more effective and provide more
durable palliation of dyspnea, cough, and hemoptysis. At 1 mo in various studies,
40–60% of PDT patients were still considered partial or complete responders
compared to 19–36% for those treated with Nd-YAG (68).
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1. INTRODUCTION

What are practice guidelines and who should use them? As defined by the
Institute of Medicine, practice guidelines are “systematically developed state-
ments to assist practitioner and patient decisions about appropriate health care
for specific clinical circumstances” (1). Much has been written about their clini-
cal utility and impact on the cost of health care, but they have yet to attain wide-
spread usage by practitioners. Some health maintenance organizations have devel-
oped their own practice guidelines for the purpose of approving or disapproving
treatment decisions by practitioners in their system. The increased usage of prac-
tice guidelines by these organizations in the future is probably inevitable. This
chapter reviews the methodology for the development of practice guidelines for
carcinoma of the lung, the variety of practice guidelines that are available, their
potential role in improving quality of care and lowering health care costs, and
issues that need to be addressed to ensure that practice guidelines ful-fill a well-
defined role in the future.
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2. METHODOLGY

Practice guidelines would be unnecessary if rigorously tested scientific data
existed to substantiate each clinical decision for a particular clinical situation.
Obviously, such scientific data is not available. In fact, it has been estimated that,
at most, 20% of clinical decision-making can be justified on the basis of such rigor-
ously tested scientific data (2,3). Thus practice guidelines would seem to be a
reasonable adjunct to clinical practice and the methods for developing these guide-
lines cannot be based on scientific evidence alone. Rather, most practice guide-
lines are developed by combining scientific evidence with physician experience
and opinion to yield a rational suggestion or “guide” for clinical practice in a spe-
cific medical situation.

The development of guideline methodology has progressed in the recent past,
as evidenced by the emergence of several guideline methods such as that of the
RAND/UCLA Health Services Utilization Study (4), the American College of
Physicians Clinical Efficacy Assessment Project (5), and the National Comprehen-
sive Cancer Network guideline process (6). These methodologies incorporate
evidence-based medicine combined with expert opinion, review, and re-evalu-
ation to yield appropriate medical and surgical interventions or clinical decision-
making. These data are usually displayed in the form of an algorithm that recreates
the sequential decisions confronting physicians and the recommendations for
clinical intervention at specific steps in the process (7).

To be useful, practice guidelines must be comprehensive, specific, detailed,
unambiguous, and usable. They must be based on the best scientific evidence avail-
able, and must provide a guide to clinical practice that is straightforward and
manageable. Even with these criteria, the proliferation of practice guidelines in
recent years may not have had their desired effect, as discussed in a subsequent
section.

3. VARIETY OF AVAILABLE GUIDELINES

Many national and international medical specialty and subspecialty societies,
health care organizations, and the federal government—to name a few—have
developed practice guidelines for a great number of clinical conditions. Access-
ing these guidelines for a specific disease entity can be difficult for the busy
practitioner. To complicate matters, many payers use their own proprietary guide-
lines, and the National Institutes of Health regularly convenes consensus confer-
ences that issue their own practice guidelines.

The National Guideline Clearinghouse (www.guideline.gov) is a public resource
for evidence-based clinical practice guidelines. It is sponsored by the Agency for
Healthcare Research and Quality (AHRQ), in collaboration with the American
Medical Association and the American Association of Health Plans. The website
lists guidelines by disease, intervention, or organization, and allows one to gener-
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ate a list of all of the available guidelines in a specific area that have been regis-
tered with the National Guideline Clearinghouse.

However, it appears that not all organizations have chosen to include their
guidelines, and thus the lists generated by a search at this website should not be
considered all-inclusive. This further adds to the difficulty of locating all avail-
able guidelines and deciding which are the most usable. For example, there are
640 guidelines listed in the disease category on the National Guideline Clearing-
house website. Of these, 118 relate to neoplasms, and of the latter, 97 are catego-
rized by the site of the neoplasm. Only nine guidelines in the entire neoplasm
category deal with lung neoplasms, and five of these were developed by Cana-
dian healthcare organizations. Of the remaining guidelines, there is one for the
treatment of unresectable non-small-cell lung cancer (NSCLC) developed by the
American Society of Clinical Oncology (8), and one for small-cell lung cancer
(SCLC) by the Association of Community Cancer Centers.

Not included are the practice guidelines developed by the National Compre-
hensive Cancer Network, a consortium of comprehensive cancer centers orga-
nized in 1995 and dedicated to developing standards and guidelines for cancer
care and participating in outcomes research to evaluate the clinical and fiscal
utility of these guidelines. As of 1996, 15 centers comprised the National Com-
prehensive Cancer Network, which published practice guidelines for SCLC and
NSCLC (9). These guidelines are in the form of algorithms that flow from the
point of the initial diagnosis of lung cancer.

Thus, for carcinoma of the lung specifically, few practice guidelines have
been developed, not considering those produced by third-party payers. Even so,
most oncologists would be hard-pressed to identify which guidelines are avail-
able for the treatment of carcinoma of the lung and where they can be found. For
lung cancer, they have not become a part of the practice culture, even when used
to determine reimbursement. More often, clinical decisions are made and the
payers apply the guideline to the decision for appropriateness, rather than the
other way around.

4. EFFECT ON QUALITY
OF CARE AND HEALTH CARE COSTS

Assuming that the methodology for the development of practice guidelines is
scientifically reasonable and that these guidelines become readily available to
practitioners, will health care providers use them—and, if so, what impact will
their use have on quality of care and health care costs? These questions have been
the focus of much investigation, yet current data is sparse.

It has been assumed that practice guidelines that work will reduce the number
of inappropriate medical decisions, and thus improve efficiency and reduce health-
care costs. Furthermore, it is clear that unless the guidelines become an integral
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part of the physician’s daily decision-making process, it is unlikely they will be
used at all. Simply disseminating guidelines to the medical community does not
ensure their use. Peer pressure, liability concerns, and reimbursement issues are
the types of forces that nudge the physician to integrate guidelines into their
thought processes, and thus truly affect clinical care.

Concrete examples of the utility of practice guidelines exist. In Massachu-
setts, the American Society of Anesthesiologists standards for monitoring dur-
ing general anesthesia were adopted by the Joint Underwriting Association in
1987. The following year, it was reported that no episodes of hypoxic brain injury
had occurred in cases where the guidelines had been followed, resulting in a 20%
reduction in malpractice fees for those anesthesiologists who had employed the
guidelines (10). In a more recent study of the effect of adherence to 59 practice
guidelines in a variety of medical settings, the authors found that in all but four,
had there been a significant improvement in the quality of care as proposed by
the guidelines (11). The magnitude of the improvement varied considerably, how-
ever. Adherence to practice guidelines apparently can also result in improved
clinical outcomes, yet more outcome analyses are needed to confirm this point,
and many would argue that it remains to be proven that reducing inappropriate
interventions necessarily results in improved care. Even less certain is the impact
of the use of practice guidelines on reducing costs, as the data in this area has been
surprisingly sparse.

Another concern of practitioners regarding the use of practice guidelines relates
to their use in malpractice litigation. It is assumed that noncompliance with a
practice guideline by a physician in a malpractice case could be used as incrimi-
nating (inculpatory) evidence. However, it should be equally true that when a
physician in a malpractice case is shown to have complied with a set of practice
guidelines, this evidence can be used to exonerate (exculpatory evidence) the
defendant. This interaction between guidelines and the law has been the focus of
much debate (12).

In a recent study of 259 malpractice claims opened at two insurance compa-
nies, it was found that 17 of these claims involved practice guidelines. Of these,
in four, practice guidelines were used as exculpatory (exonerating) evidence, and
in 12 they were used as inculpatory (incriminating) evidence (13). Thus, guide-
lines are used by both plaintiffs’ and defendants’ attorneys in malpractice cases,
and could become more commonplace in malpractice litigation if practice guide-
lines gain wider acceptance by the medical community.

5. FUTURE ISSUES

Several issues must be addressed in the future if practice guidelines are to be
well-constructed and well-implemented. If the goal of their usage is to improve
quality of care and lower health care costs, they should be developed for those dis-
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ease states where it has been demonstrated that the quality of care is lacking and/
or the cost of that care is higher than predicted if appropriate clinical decisions
were being made. For carcinoma of the lung, it is not clear that quality of care
or cost is out of line, and thus, obtaining that data first would provide a sounder
rationale for the development of practice guidelines in the first place.

Assuming that their need has been established, future efforts to improve meth-
odology are needed. Although appropriateness models have been used widely,
there are aspects of decision analysis that should be incorporated into the crea-
tion of practice guidelines (14). That methodology is cumbersome for the guide-
line model at present, but may be of potential benefit in the future. Other method-
ologies should be developed that simplify the construction of practice guidelines,
making them more understandable to both physician and patient.

As noted in a previous section, a plethora of guidelines exist for a wide variety
of medical conditions. In specific areas, however, such as lung cancer, much
fewer exist. Any overlap, however, is confusing to both health care provider and
patient, lessening the probability of their usage. A concerted effort should be
made by all agencies developing guidelines for a specific disease entity, to begin
the process of agreeing on one standard for one disease. It seems a wasteful use
of resources to do otherwise. The creation of a single practice guideline for SCLC
and one for NSCLC would result in a much greater probability of acceptance by
the oncologic community.

Implementing practice guidelines, even well-designed ones, remains a monu-
mental task. The many pressures faced by the average physician in the course of
the day mitigate against the use of practice guidelines that generally are viewed
as time-consuming and encumbering. More information is needed on how to
better incorporate the physician in the development of practice guidelines, and
better approaches to how the physician integrates the concept of guideline usage
into his/her daily decision-making routine must be elucidated.

Practice guidelines have the potential to be worthy adjuncts to the practice of
medicine. However, as described in this section, their successful creation, dis-
semination, and implementation require much more research and education of
this very complex topic.
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