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Forward
Lung cancer kills more women than any other cancer – nearly 200
women each day. Most die within a year of diagnosis. Yet lung
cancer remains the “hidden” women’s cancer – little known and rarely
discussed. It is the least funded cancer in terms of research dollars
per death of all the major cancers, and one of the only cancers
where patients are routinely blamed as responsible for their condition.
To bring lung cancer “Out of the Shadows,” the Mary Horrigan
Connors Center for Women’s Health and Gender Biology has
developed this first comprehensive overview of women and lung
cancer. The Women’s Health Policy and Advocacy Program
gratefully acknowledges the Lung Cancer Alliance for its encouragement
and assistance in this endeavor, and for its commitment to making this
report a focal point for broader public health policy debate on women
and lung cancer.
Tracey Hyams, JD, MPH, Director
Women’s Health Policy and Advocacy Program
Connors Center for Women’s Health and Gender Biology
Brigham and Women’s Hospital
Paula A. Johnson, MD, MPH, Executive Director
Connors Center for Women’s Health and Gender Biology
Chief, Division of Women’s Health
Brigham and Women’s Hospital
The opinions expressed herein are solely those of the Women’s Health Policy and Advocacy Program and not
necessarily those of Brigham and Women’s Hospital or Partners HealthCare.
This report does not constitute medical advice. Individuals with health problems should consult an appropriate health
care provider.
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Executive Summary
Lung cancer is the leading cause of cancer death in women and men in the United
States, taking more lives each year than breast, prostate, colon and pancreatic cancers –
combined. In 2010 alone, approximately 70,500 women will die from the disease. The
financial toll of lung cancer is significant – about $9.6 billion is spent in the U.S. each year
treating the disease, mostly during late stages when survival is highly unlikely. Despite lung
cancer’s strong association with tobacco use, one in five women who develop the disease has
never smoked.
Lung cancer develops differently in women and men. There are sex differences in many
facets of the disease, including risk factors, clinical characteristics, progression and length
of survival. For example:
• Women who have never smoked appear to be at greater risk for developing lung cancer
than men who have never smoked.
• Women tend to develop lung cancer at younger ages than men.
• Women are more likely than men to be diagnosed in early stages of lung cancer.
• Women are likely to live longer than men after treatment for the disease.
Research on sex differences in lung cancer is far from conclusive, but holds promise to
change the landscape of this disease. Mounting research suggests that genetic, hormonal,
behavioral and environmental factors are influencing the different patterns of lung cancer
in women and men. A better understanding of the role these factors play can advance
preventive, diagnostic and therapeutic practice and improve outcomes from this disease.
Lung cancer is at the dawn of a new frontier. Recent years have witnessed
extraordinary advances in treatment, including minimally invasive surgery and targeted
genetic therapies (sometimes called “smart drugs”) that may replace traditional
chemotherapy in treating certain forms of the disease. However, the lack of widespread
screening – even for individuals at high risk from lung cancer – means that few patients are
captured early enough in the disease’s progression to realize the benefits of these advances.
Computer-aided detection may enhance the accuracy and speed of radiologic screening, and
biomarker tests that utilize blood, urine, sputum and breath to identify individuals at high
risk are under investigation. Investments in these areas may help to reduce the social and
financial toll of lung cancer in women and men. However, considerable political, scientific
and financial barriers remain.
This report summarizes existing research on sex and gender differences in lung cancer,
highlights gaps in current knowledge and recommends steps to reduce the burden of this
disease in women and men. It is intended as a tool for public health advocates, researchers,
clinicians, patients and policy leaders.
© Brigham and Women’s Hospital, May 2010
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I. Introduction
Lung cancer, once rare among women, surpassed breast cancer in 1987 to become the
leading cause of cancer death among women in the United States.1 Today, one in four cancer
deaths in U.S. women is due to lung cancer.2 A common misconception is that breast cancer
takes the lives of more women than lung cancer, but this is not the case – more women are
diagnosed annually with breast cancer, but lung cancer kills more women each year than any
other malignant tumor.2 In 2009, it is estimated that 70,490 women in the U. S. died from this
disease.3 Approximately $9.6 billion is spent in the U.S. each year on treatment of lung cancer.4
Lung cancer rates have historically been higher in men than women, but this gap is
narrowing. While the incidence of lung cancer in men has declined, the incidence of women
developing lung cancer has increased six-fold over the last 30 years.5 Over the same
period, the death rate from lung cancer has declined in men, while the death rate from lung
cancer in women increased from the mid-1970s through 2003, only recently leveling off. 6
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According to some experts, these trends partly reflect past tobacco smoking patterns of
women and men.7,8 Historically, smoking was less acceptable among women than among
men. Women began to smoke in large numbers decades later than men as social norms
changed. Because lung cancer is diagnosed an average of 20 to 30 years after exposure to
tobacco carcinogens,9 some experts believe we are observing the effect of women’s later
cigarette use on lung cancer incidence, particularly among women who were teens and young
adults when they started smoking.10 Smoking prevalence among women is lower than among
men; 18 percent of women currently smoke versus 23 percent of men.11 However, smoking
among men has declined much more dramatically than among women over the past 40 years
– the number of male smokers has decreased by about 50 percent since the 1960s, while the
number of female smokers only decreased by 25 percent during the same time period.12,13
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Changes in smoking behavior alone cannot fully explain the rise in the number of new
lung cancer cases among women. Specialists report that the disease is increasing among
young women who have never smoked (such as Dana Reeve, the widow of “Superman”
actor Christopher Reeve).5,14,15 One in five women and one in twelve men diagnosed
with lung cancer today have never smoked; women with lung cancer who have never
smoked outnumber their male counterparts three to one.8,20 As a separate disease category,
lung cancer deaths in never-smokers ranks as the sixth to eighth deadliest cancer
in the U. S. and the seventh deadliest cancer worldwide.16 Overall, over 60 percent
of new lung cancer patients are either never smokers or former smokers,
and the majority of those who have never smoked are women.17,18,19
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Policy Implications. Mounting research suggests that the pattern and course
of lung cancer differs between women and men, and that genetic, hormonal,
behavioral and environmental factors are involved. A better understanding of the role
these factors play will advance preventive, diagnostic and therapeutic practice and
improve outcomes from this disease.20
The following sections highlight the most important sex and gender differences in lung
cancer risk, screening, treatment and survival, along with implications for future research
and public policy.

“Lung cancer takes more lives each year than breast, cervical and
prostate cancers combined.”
4

II. Lung Cancer Risk Factors
Clinical Characteristics of Lung Cancer

Lung cancer forms in the tissues of the lungs, but may spread to other organs of
the body. It results from an uncontrolled growth of abnormal cells in one or both lungs.
Unlike normal lung cells, cancer cells do not develop into healthy tissues; they instead
become tumors that may gradually damage the lung and ultimately compromise its ability
to supply oxygen to the rest of the body.21, 22
Most lung cancers fall into one of two primary groups: small cell lung cancer (SCLC),
or non-small cell lung cancer (NSCLC). SCLC is the more rapidly progressing
form of the disease, is largely inoperable, and constitutes 10 to 20 percent
of lung cancer cases. The remaining 80 to 90 percent of cases are considered non-small
NSCLC, which includes a number of subtypes, particularly squamous cell lung
cancer and adenocarcinoma.23 Each of these subtypes has distinct cancer cells that grow
and spread in different ways. Adenocarcinoma, though once rare, is now the most
common type of lung cancer in men and women of all ages, particularly among young people
who have never smoked.24 Scientists do not yet understand why the incidence of
adenocarcinoma has risen so dramatically.

Sex vs. Gender Differences in Risk

An individual’s risk of developing lung cancer may be shaped by a combination of
sex- and gender-related factors.25 Sex-related factors refer to biological differences such
as variation in genetic susceptibility and hormone levels between men and women,
whereas gender-related factors refer to patterns of behaviors that are
influenced by social and cultural notions of femininity and masculinity. Gendered health
behaviors may include the age of men and women when they start smoking, the way they
smoke (how many cigarette puffs are taken and how deeply smoke is inhaled) and the
type of cigarette smoked, or even occupation and proximity to toxic cooking fumes.26

Smoking and Tobacco Exposure

Smoking is the single most important cause of lung cancer in the U.S., and is linked
to an estimated 90 percent of lung cancer deaths in men and nearly 80 percent
in women.36 Many other exposures have been associated with lung cancer, but even
their combined effect is small compared to that of cigarette smoking. Additional causal
factors are primarily related to occupational and environmental exposures to agents
such as asbestos, radon, arsenic, chromium, and nickel.37,38 Some segments of the U.S.
population, such as military veterans, may have specific carcinogenic exposures that
increase their lung cancer risk, either combined with cigarette smoking or independently.3
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Although the link between smoking and lung cancer is indisputable, whether women
and men differ biologically in their susceptibility to smoking-related lung cancer remains
fiercely contested. Some studies find that once the amount of smoking is taken into
account, there is little evidence that female smokers are more likely to get lung cancer
than their male counterparts.40,41 Other studies show that female smokers have a greater risk of developing the disease at every level of smoking exposure, suggesting that
women may be more susceptible to the carcinogenic effects of tobacco smoke.42,43
Approximately 20,000-25,000 people who have never smoked are diagnosed with lung
cancer in the U.S. each year; more than 60 percent are women.2 Many women with lung
cancer, particularly the subtype adenocarcinoma, have never smoked or stopped
smoking long ago. As noted earlier, over 60 percent of people diagnosed with lung cancer are
non-smokers, a population that includes people who have never smoked as well as former
smokers.20 Among never-smokers who develop lung cancer, women are more likely
to develop the disease than men.2 In one major study, lung cancer incidence rates in
women aged 40 to 79 who had never smoked ranged from 14 to 21 cases per 100,000 personyears, whereas incidence rates in men ranged from 5 to 14 cases per 100,000 person-years.14
While it is still unclear why never-smoking women have a relatively greater risk, their
susceptibility may be associated with exposure to second-hand smoke,44,45 a history
of previous lung diseases,46,47 and the influences of certain hormonal and genetic
markers.48 A recent study examining the prevalence of a defective tumor-suppressing gene
may also explain the development of lung cancer in never-smokers. Researchers found
that approximately 30 percent of non-smokers who developed lung cancer had
the same rare variation in a tumor-suppressing gene that limited the gene’s
tumor-suppressing ability.49 This research is a promising breakthrough in
understanding lung cancer in never-smokers. The prevalence of lung cancer among
never-smokers highlights the multiple and complex factors involved in the development
of this disease.

	Cigarette Marketing Towards Women During the 1990s, much outcry arose against

the RJ Reynolds tobacco company, the maker of Camel cigarettes, for its use of a cartoon
(“Joe Camel”) in marketing cigarettes to children.27,28 In a 1997 landmark victory for
opponents of aggressive tobacco marketing, RJ Reynolds was ordered to stop the use
of cartoon characters in association with its tobacco products.29 Until recently, tobacco
companies had continued to market to children in more insidious ways28 and had remained
virtually unchallenged in their marketing towards young girls and young adult women.30,58
In order to influence young girls and women into smoking, tobacco companies sold
cigarettes with fashionable names using sophisticated colors, often packaged with free
products aimed at girls and women.31

Beyond the packaging itself, tobacco companies for decades had forcefully marketed
“low-tar,” “light” and “mild” cigarettes towards girls and women, always in connection
with the claim that cigarettes help control weight gain.32 Furthermore, tobacco companies
rely heavily on social marketing to women, linking the consumption of cigarettes to
confidence, sexuality, beauty and stress reduction.78,32 Such marketing may have unintended
mental health consequences; the association between smoking and depression is stronger
in women than in men.32
6

The Family Smoking Prevention and Tobacco Control Act, signed into law on June 22, 2009, will
give the Food and Drug Administration more authority to control cigarette marketing.
The new law will prohibit the use of fruit-flavorings and clove in cigarettes as well as the
marketing of tobacco products with “light,” “mild” and “low-tar” labels.
Menthol Cigarettes Tobacco companies have also employed flavor additives, most notably
menthol, to attract women and African Americans to their products. Menthol cigarettes
are often marketed in association with messages of refreshing taste, youthfulness and
fun, health and medicinal benefits and feminine aura.33 Many popular women’s cigarettes,
including Virginia Slims, include menthol additives.
The popularity of menthol cigarettes in the African American community is alarming;
over 70% of African American smokers prefer menthol cigarettes to non-menthol
cigarettes.34 Cigarette manufacturers heavily advertise menthol cigarettes in African
American communities. They use African American models, and have marketed menthols
with free gifts meant to appeal to African American women (i.e. hair oils and makeup).34
The popularity of this type of cigarette among African Americans and women is
especially worrisome because individuals who smoke menthols are more likely to inhale
deeper, increasing exposure to nicotine and tobacco smoke.35

Biological and Genetic Influences

In addition to family and smoking history, there is accumulating evidence that
hormonal influences and genetic markers may influence the onset of lung cancer,
either acting independently or interacting with the effects of smoking. These include:
 ormonal Influences Studies have found a possible connection between hormones such
H
as estrogen and lung cancer development, particularly adenocarcinoma.50,51 In both men and
women, estrogen primarily helps regulate certain functions of the reproductive system,
but also is involved in other non-reproductive functions such as cell division and growth.
Researchers believe estrogen can directly or indirectly promote lung cancer by triggering
estrogen receptors that are present on non-small lung cancer cells, causing these cells to grow
and spread in the lungs.52,53
 ormone Replacement Therapy Given the association between hormone replacement
H
therapy (HRT) and breast cancer, understanding HRT’s impact on lung cancer is important
but also complex. The landmark Women’s Health Initiative study concluded that in postmenopausal women, combined estrogen and progesterone HRT did not increase the
risk of developing lung cancer. However, women who took combined HRT had an
increased risk of dying from lung cancer, specifically after developing NSCLS.54 Several
less rigorous studies have also looked at a possible link between combined HRT and the
risk of developing lung cancer, but the results have been mixed. These findings call for
careful consideration before using HRT for women who have been diagnosed with lung
cancer or who are already at high risk of developing lung cancer, including smokers.

7

 olecular and Genetic Markers Several molecular and genetic markers are thought to
M
predispose some people to lung cancer. For instance, the process by which the gastrinreleasing peptide receptor (GRPR) becomes activated has been identified as a potential risk
factor. Gastrin-releasing peptide is a protein that normally plays a role in cell growth, but
has been associated with the development of a variety of cancers, including lung tumors.
One study showed that GRPR is activated more frequently, at an earlier age and with lower
exposure to tobacco smoke in women compared to men.55 Furthermore, since the gene
for GRPR is located on the X-chromosome, the authors have suggested women may be
more vulnerable to the effects of smoking because they have two X-chromosomes and
potentially two functional copies of the gene for GRPR.
Women also appear to have more frequent changes than men in another protein called
epidermal growth factor receptor (EGFR).56,57 EGFR can be found on the surface of some cells
and, like GRPR, may cause them to divide and grow. However, abnormally high levels of
the protein have also been found on lung cancer cells, indicating they may help to spread
lung cancer in the body.58
 ther research studies have reported that changes in the DNA of cells in the lungs can
O
influence the development of cancer. DNA is the chemical in cells that contains genetic
information and instructions on how cells function.23 Changes in certain genes such as
p53 and Rb, which work to stop tumors from forming in the body, may put people
at an increased risk for developing lung cancer.59,60,61 Another important risk factor is
the absence or deletion of a gene called GTSM1, which normally makes toxic agents,
including tobacco carcinogens, less harmful to the body. People with non-functioning
GTSM1 – particularly female smokers – seem to have a greater susceptibility to the
disease.62
 xposure to tobacco smoke contributes to many genetic changes and mutations in
E
the lung. Interestingly, women appear to have significantly more DNA damage and
mutations, even if they smoke less than men.63,64,65 Such genetic changes may influence
the development of tumors by affecting the body’s capacity to break down and remove
tobacco carcinogens in the lungs.66,67 Additionally, experts have reported that women may
be less able to repair DNA damage than men, which could make them more likely to have
lung cancer.68
Policy Implications. Although mounting evidence indicates that an
individual’s risk of developing lung cancer is shaped by a combination of
sex- and gender-related factors, the precise role and interaction of hormonal and
genetic influences, environmental exposures and smoking history is still under
investigation. Given the significant rise in lung cancer in women over the past 30
years, further research on the complex interactions of these agents is vitally needed.

“There is accumulating evidence that hormonal factors and
genetic markers influence lung cancer.”
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III. Lung Cancer Screening
The goal of screening is to detect cancer before symptoms become evident. The
ideal screening test would find cancer early, even at pre-cancerous stages,
and would be able to predict which cancers are likely to cause death. Cancer
screening has not yet achieved this gold standard, however, and controversy remains even
over widely-utilized tests such as mammography and prostate-specific antigen (PSA).
Unlike breast and prostate cancer, which utilize mammography and PSA respectively,
there is no widely accepted screening protocol for lung cancer. It is therefore
uncommon, outside of clinical trials, to detect lung cancer in its earliest, most treatable
stage.69,70,71 Only 16 percent of lung cancer patients are diagnosed before their disease has
metastasized (spread to other parts of the body), compared to over 60 percent of
breast cancer patients and over 90 percent of prostate cancer cases.72 A number
of these are incidental (unintentional) diagnoses resulting from a chest X-ray or
computerized tomography (CT) scan ordered for reasons other than lung cancer screening.
The lack of early detection, even for patients at high risk of developing the disease, is likely
a key contributor to lung cancer’s very low 5-year survival rate.

Percentage of Cancer Diagnosed
at Early Stage
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In addition to its potential for detecting tumors at early, treatable stages, lung cancer
screening may have benefits in terms of risk reduction – one study found a voluntary
quit smoking rate of 23 percent after CT screening, compared with the national average
of 5 percent without screening.73

“There is no widely accepted screening test for lung cancer.”
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Tools for Detecting Lung Cancer

Currently, radiologic imaging tests such as x-ray and CT are the only available
screening tools for lung cancer. X-rays produce flat, two-dimensional images while CT
scanners take x-rays from multiple angles to construct three-dimensional images. CT scans
can be analyzed and measured with greater accuracy than x-rays, and are consequently the
best currently available tool for detecting early-stage tumors. Computer-aided detection
(CAD) methods may enhance the accuracy and efficiency of CT screening and are under
investigation. A recent European study incorporating a new CAD program recently reported
unprecedented levels of 95 percent sensitivity (accurately detecting disease) and 99 percent
specificity (accurately ruling out disease) in screening participants at high risk for lung cancer.74
Several new diagnostic tools are in early stages of investigation, including biomarkers
tests that examine urine, blood, sputum or tissue samples for abnormal levels of certain
substances.75 For example, a new urine test may predict which smokers are most likely to
develop lung cancer by checking the level of a chemical called NNAL in urine samples.76,77
NNAL is produced when the body processes a carcinogen found in tobacco smoke.
A blood test, EarlyCDT-Lung, has recently become available in the United Kingdom and
to selected physicians in the U.S. to help with early detection.78 This type of test looks
for the presence of antibodies that circulate in the blood in reaction to proteins released
from cancerous tumors, even in the localized stage.79,80,81 These tools may have several
advantages over radiologic screening, including enabling identification of individuals at high
risk for developing lung cancer and allowing for careful monitoring and early treatment of
pre-cancerous nodules. Biomarker tests also show promise for avoiding over-diagnosis by
distinguishing which nodules are likely to become deadly cancers, eliminating costly and
potentially harmful, unnecessary treatment.
While biomarker screening may some day pave the way for widespread and inexpensive
personalized risk assessment, it is unclear whether or when they may become
available to the public. Patients are advised to discuss their individual risk for lung
cancer, as well as the benefits and risks of radiologic screening, with their physician.
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The Debate over Lung Cancer Screening

As seen with recently revised recommendations for mammography, cancer screening
guidelines can generate considerable medical, scientific and public debate.82 Questions
regarding the benefits, risks and costs of lung cancer screening, even for individuals at
high risk of developing the disease, have not been definitively resolved. Some debate stems
from differences in measurement of outcomes, such as whether screening increases survival
time (the period between diagnosis and death) or whether it successfully reduces mortality
(death rates) from the disease. Critics argue that screening may increase survival time,
because a tumor is detected earlier, without reducing death rates from the disease.
Some experts suggest that repeated exposure to CT scans over a period of years
may result in unacceptably high levels of radiation exposure, although current
radiologic studies utilize doses comparable to or just higher than a typical mammogram.83,84 There is also concern that some nodules detected through screening may not
become clinically significant, causing patients unnecessary risk, anxiety, cost and intervention.
Despite these concerns, research shows that CT scanning is effective in detecting lung
cancer at clinical stage I, when the disease is most treatable and the likelihood of 5-year
survival is greatest.85 The National Institutes of Health estimates that about 70 percent
of women whose cancers are detected at stage I are still alive 5 years later. Similarly,
a recent first-ever study employing actuarial analysis to evaluate the effect of early
detection on mortality concluded that early-stage diagnosis could significantly lower
lung cancer mortality, perhaps saving as many as 70,000 lives in the U.S. each year.86
Policy Implications. Such complex factors as the length of time needed to measure
mortality, varying research methodologies and the rapid pace of medical
innovation have led to conflicting findings regarding lung cancer screening
and left many critical questions unresolved. The good news is that emerging
technologies are beginning to identify tumors at increasingly microscopic
levels, while at the same time management of early stage disease is rapidly
advancing. This has created unprecedented optimism for improving outcomes
for lung cancer. Because the disease is so lethal and affects large numbers of
patients, a sense of urgency is needed to resolve the multiple dimensions of this issue.

Sex Differences in Lung Cancer Screening

Little research has been conducted on differences between women and men in the
methods and benefits of lung cancer screening.87 However, since women and men
develop different forms of lung cancer, with distinct cell types, some experts suggest
that radiological imaging screening may not perform in the same way for each
sex. When screening is offered, women tend to have better compliance than men, possibly
because women undergo more frequent cancer screening throughout their lives
(i.e. mammograms and pap smears for breast and cervical cancer). As technology for
lung cancer screening evolves, recommendations may eventually differ for
women and men based on different patterns of disease and treatment efficacy.
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IV. Lung Cancer Treatment
and Survival
The first course of treatment for patients with early stage, localized NSCLC is typically
surgery to remove cancerous tumors or cells. Those who cannot tolerate surgery
or are in more advanced stage of the disease are candidates for chemotherapy and/or
radiation therapy, as well as clinical trials (research studies that help to evaluate new treatments).
For certain subtypes of lung cancer, new treatment options are emerging in the form
of targeted therapies taken orally, which may reduce side effects and replace more
invasive remedies.

Sex Differences in Treatment Modalities

Although surgical recommendations are determined by the type and stage of lung
cancer, the choice of treatment modality seems to differ between women and men. In a
national surveillance database covering a 25-year period, researchers found that a higher
proportion of women underwent surgery to treat lung cancer, whereas radiation therapy
was more frequently administered to men.88 The authors noted this difference might be due
to male patients being older and presenting with more co-morbidities than women.
However, more research is needed to fully understand why women and men undergo
different treatment courses and what effect this has on survival rates for both sexes.

Women’s Survival Advantage

Women with lung cancer tend to survive the disease longer than men.89 Lung cancer is
known for its poor prognosis – just 16 percent of patients survive 5 years after diagnosis.
However, women generally live longer than men at every stage of the disease, regardless
of the stage at diagnosis, type of lung cancer, or treatment choice.90,91
Studies show that following surgical resection, women with NSCLC experience
superior 5-year survival compared with men.92,93,94 However, the reasons for this disparity are
unclear. Some studies have identified common subtypes of lung cancer or differences
in stage of the disease as possible explanations. In addition, women tend to present
at earlier stages of the disease, increasing the chances that surgical resection will result
in complete removal of the tumor, and thereby increasing survival.95 However,
studies that adjust for these factors report that being female remains an independent
factor to longer survival following surgery.93 For both women and men, complete lobectomy
(removal of an entire lobe of the lung) results in higher survival than smaller resections.
In addition to female gender and lobectomy, younger age and smaller tumor size are
positive predictors of survival.94
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Similarly, women with NSCLC who are treated with neoadjuvant chemotherapy
(chemotherapy prior to surgical removal of the tumor) experience better survival
rates than men.86 This survival advantage remains for women with advanced lung
cancer of any tissue type who undergo chemotherapy treatment.96 Radiation therapy also
seems to be more effective in some subsets of women with NSCLC. A study examining
radiation therapy and NSCLC survival rates found that women with stage 1 NSCLC who were
not candidates for surgery had better overall survival after undergoing radiation therapy.97
Women diagnosed with SCLC also appear to fare better than men, but the reasons for this
survival advantage are not yet well understood.98,99 Additional investigation is needed to
understand the interplay of factors contributing to women’s survival advantage in all types
and stages of lung cancer, and to improve survival rates for women and men.

Advances in Lung Cancer Treatment

Advances in targeted therapies for lung cancer over the past decade are changing the
course of the disease. The frontier of lung cancer surgery continues to advance with
developments in robot-assisted procedures, as well as advances in Video Assisted
Thoracoscopic Surgery (VATS). VATS has gained popularity in recent years as a
minimally invasive method of removing or biopsying lung tissue through a small incision
in the chest. Research shows that a VATS lobectomy results in less pain, fewer perioperative
complications and shorter duration of hospital stay as compared to previous, more
invasive methods.100
Molecular-level treatments – sometimes called “smart drugs” – also show promise for
improving the quality of life and survival of lung cancer patients at multiple stages of the
disease, either in combination with surgery and/or chemotherapy or alone. New drugs are
in clinical trials for both early-stage and advanced lung cancer.101, 102
Policy Implications. The lengthy and rigorous process to evaluate the risks and
benefits of new therapies leaves uncertain when these agents may be
approved and become available to patients not enrolled in clinical
trials. Moreover, the lack of funding for lung cancer research, discussed below,
impedes the rate at which new therapies are discovered, tested and deployed.
That considerable strides that have occurred even with limited resources
suggest there is potential to revolutionize lung cancer treatment. Combined
with improvements in diagnostic screening, there is reason to be
optimistic about improving outcomes for patients with lung cancer
for the first time since the “War on Cancer” was declared in 1971.

“Advances in targeted therapies for lung cancer are changing the
course of the disease.”
13

Sex Differences in Targeted Therapies

Targeted agents allow doctors to consider the specific characteristics of a patient’s
tumor, including the gene mutations or proteins found in his or her cancer cells,
to determine the best possible course of treatment. Current approaches focus on
inhibiting certain cancer-causing mutations and blocking growth factor receptors that are normally
involved in cell division and survival, but may also help lung cancer cells grow and spread.
One of the most promising molecular targets in lung cancer is epidural growth factor receptor
gene (EGFR). Mutations in EGFR are more common in women who have never smoked
and in those with adenocarcinoma of the lung.103 Recent studies show that treatment with
a drug that specifically targets the EGFR mutation, erlotinib (marketed as Tarceva), can
prolong survival in patients with NSCLC.104 Erlotinib inactivates the signal in the mutated
EGFR that makes lung cancer grow.105 Women who receive erlotinib have longer survival
without progression of lung cancer and longer survival overall than men.106 Patients who
have never smoked, have adenocarcinoma, or are of Asian ethnicity also show better
response rates to this drug than other patients.107
Another target, called vascular endothelial growth factor receptor (VEGFR), contributes
to the growth of new blood vessels that feed tumors. A recent study showed that the
addition of bevacizumab (marketed as Avastin), a VEGFR inhibitor, to the standard
chemotherapy regimen in patients with recurrent or advanced NSCLC resulted in a two
month survival advantage over those who received chemotherapy alone.108 However,
this survival advantage was not seen in women.109
Vandetanib, a new drug targeting both EGFR and VEGFR in NSCLC is currently in
clinical trials and shows promise as a future treatment.110, 111
With the success of targeted treatment for EGFR-positive lung cancers, researchers
continue to search for other molecular targets of therapy. A recently identified target,
the fusion gene EML4-ALK, has been shown to be more common in NSCLC in
non-smokers.112, 113, 114 Patients with the EML4-ALK mutation are younger and more
likely to be male when compared to those with EGFR-positive tumors.115 In one study,
patients with the EML4-ALK mutation showed resistance to drugs that target EGFR,
demonstrating the need for different treatment options depending on mutations present.116
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V. Racial and Ethnic Differences
Just as there are differences between men and women in lung cancer risk, progression
and survival, there is significant variation among racial and ethnic groups in their
experiences with lung cancer. In the U.S., African Americans and Native Hawaiians have
higher incidence rates of lung cancer compared to whites, while Japanese Americans and
Hispanics have lower incidence rates.117 Patterns of smoking behavior vary between each
group, but there is not a direct correlation between rates of smoking and rates of lung
cancer, indicating that biological factors are influencing development of the disease.117
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As a population, Hispanics have the lowest incidence of lung cancer of all major ethnic
groups. Because they traditionally smoke cigarettes at lower rates than whites, lung cancer
rates for Hispanics are about 50 percent lower than rates for whites.118 Unlike other racial
and ethnic groups, where the incidence of lung cancer among women has increased, the
incidence of lung cancer among Hispanic women in the U.S. has declined; from 1994 –
2003, the rate decreased by about 1.5 percent per year.118 This may be due in part to an
influx of Hispanic immigrants, who are more likely to be non-smokers.118 Despite
an overall decline in incidence in both sexes, lung cancer remains the leading cause of
cancer death among Hispanic men and the second leading cause of cancer death among
Hispanic women.118 Cigarette smoking accounts for 70 percent of lung cancer cases in
Hispanic women.119
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African Americans have the highest overall rates of lung cancer compared with other
racial and ethnic groups, but the burden is not evenly distributed between the sexes.
African American men have higher rates of lung cancer incidence and mortality than
any other population120 and are about 40 percent more likely to develop lung cancer
than white men.121 However, the incidence of lung cancer among African
American women is virtually the same as for white women (54.6 vs. 54.9 per
100,000).122 This is an alarming statistic considering that smoking rates among African
American women are lower than smoking rates among white women – in 2007, about
16 percent of African American women smoked, while the rate among white women
was about 20 percent.123 In addition, African Americans smoke fewer cigarettes per day
(an average of 12) than whites (daily average of 18). Similar disparities exist for non-smokers;
African American women who have never smoked have higher death rates from lung cancer
than white women who never smoked.117 Incidence rates among African American women
are rising about 0.8 percent each year, while among African American men incidence rates
have declined since 1984.
In addition to having higher incidence rates than whites, African Americans as a
population have a lower 5-year survival rate (12 percent versus 16 percent).117 The poorer
survival may be attributable to disparities in access to health care as well as different patterns
of treatment for the disease. African Americans are less likely to have insurance coverage
than whites.124 Several studies have found that African Americans are less likely to receive
care in the same amount of time as whites and may not receive the most effective treatment
for their subtype of cancer.125 One study found that African Americans patients underwent
surgical resection less frequently than white patients (69 percent versus 83 percent).126
Other reasons underlying the disparities in treatment patterns include differences in
pulmonary function;127 provider biases;128 inadequate physician-patient communication;129
distrust of the health care system and physicians;130 and a greater likelihood of refusing
surgery.131 Such factors may impact survival and death rates, but do not explain the higher
incidence of the disease in the African American population.
Policy Implications. Complex interactions among race, sex, smoking patterns
and environmental exposures are implicated in lung cancer risk, incidence and
mortality in varying populations. Different rates of lung cancer between men and
women are evident across all major racial and ethnic groups in the U.S. At the same
time, significant disparities exist between racial and ethnic populations. African
American and Native Hawaiian smokers appear to be at significantly greater risk
of developing the disease than whites, Hispanics and Asian Americans. Both
biological and behavioral factors are likely contributors to these disparities. A
multifaceted approach combining research on genetic mutations as well as
targeted public health interventions will be needed to reduce risk and mortality
among all racial and ethnic populations.

“Although smoking rates among African American women are lower than
among Caucasian women, the incidence of lung cancer is the same.”
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VI. Lung Cancer Research
Disparities in Cancer Funding

Although lung cancer is the leading cause of cancer death for women and men, federal
research funding lags behind other major cancers and many common diseases. For
fiscal year 2009, the three major federal agencies that support medical research – the
National Institutes of Health, Centers for Disease Control and Prevention and Department
of Defense – allocated just $1,249 in research funding per lung cancer death. In contrast,
they devoted $27,480 per death for breast cancer research and $14,336 per death for
prostate cancer.132 Federal research funding per cancer death is, based on some estimates,
approximately 21 times greater for breast cancer and 13 times greater for prostate
cancer than for lung cancer research.133 Between 2003 and 2007, the National Institute of
Health’s funding of lung cancer research through the National Cancer Institute actually
decreased while funding for breast cancer research increased.133
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Similar differences exist in funding for lung cancer prevention. In the Centers for
Disease Control and Prevention’s FY 2008 budget, $201,261,000 was allocated toward breast
cancer while approximately $104,000,000 was allocated toward smoking cessation (not lung
cancer specifically).134 While preventing tobacco use is a critical goal in reducing lung cancer,
an estimated 17,000 to 26,000 patients diagnosed each year have never smoked or already
stopped smoking.
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The effects of current funding gaps are undeniable when comparing five-year survival
trends for cancer over the past 30 years. Between 1975 and 2003, the five-year survival rate
for all cancers combined improved from 50 percent to 66 percent; in that period, breast
cancer survival rose by 14 percent to 89 percent, prostate cancer survival rose by 30 percent
to 99 percent, and ovarian cancer survival increased by 8 percent to 45 percent.135 In that
same time frame, the five-year survival rate for lung cancer increased just 3 percent to 15
percent overall.136 Possibly because there are so few survivors, lung cancer advocacy has not
gained traction as a movement demanding attention and research dollars as successfully as
other cancer lobbies have.
Researchers and advocates agree that the stigma attached to lung cancer contributes
to underfunding of research on the disease.137 Because smoking is associated with
the majority of lung cancers, people suffering from the disease are thought to be
responsible for their own illness, and consequently not deserving of the same unconditional
sympathy or research investments as patients affected by other deadly illnesses. This
attitude may extend to clinicians who care for lung cancer patients as well. One study
found that physicians were less likely to send lung cancer patients with advanced disease
to an oncologist than they were to refer breast cancer patients, and that breast cancer
patients were more likely to be referred for further therapy whereas lung cancer patients
were referred only for symptom control.138 As outlined in this report, however, more complex factors are involved in the development of lung cancer than cigarette smoking alone,
including biological, metabolic and hormonal influences, environmental exposures and
social norms. The lack of funding for lung cancer research over the past 30 years has
significantly hindered the ability of researchers to understand why and how this disease
progresses in different populations. Funding for early detection is a particularly crucial
need, as the benefits of effective new treatments for early stage disease cannot be fully
realized until lung cancer is found in patients before the disease has progressed.

Areas for Further Study

Recent years have seen major advances in diagnostic and treatment options for lung cancer.
However, there is a critical need for new research across the spectrum of the disease. Areas
of high priority for funding include:
• The rising trend of lung cancer in younger women who have never smoked;
•	Genetic, hormonal, environmental and social influences on lung cancer risk in
multiple populations;
•	Sex differences in sensitivity to carcinogenic agents such as tobacco smoke and
environmental toxins;
•	Development of simple and inexpensive screening tests to detect early lung cancer;
•	Targeted biotherapies for all stages of the disease;
•	Interdisciplinary collaboration and advocacy.
Policy Implications. Expanding research funding for lung cancer is vitally needed
to ensure optimal care for patients, improve their chances of survival and reduce the
high financial and social burden of this disease.
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VII. Lung Cancer and Health Policy
Understanding sex differences in lung cancer is a growing and vital area of research.
Today, one in every 16 women will develop lung cancer in her lifetime.139 Evidence
suggests there are key differences between women and men with lung cancer which have
implications for prevention and treatment of the disease. There is urgent need to
conduct basic and clinical research that can translate knowledge of sex and gender influences
into preventive, diagnostic, and therapeutic practice to confront this disease.20 At the same
time, renewed efforts toward smoking cessation and prevention must be embraced.

Federal Legislation

Advocates are working to reverse disparities in lung cancer research. In 2008, a milestone
was achieved when Congress approved the first-ever dedicated federal funding for lung
cancer. The Peer Reviewed Lung Cancer Research Program, administered and funded by
the Department of Defense, was appropriated $20 million for FY 2009 and $15 million
for FY 2010 to fund early detection and disease management. The program’s priority is
the development of integrated components to identify, treat and manage early curable lung
cancer in military men and women at high risk for the disease.
Additional legislation now pending in Congress would build on this early success.
The Lung Cancer Mortality Reduction Act of 2009 (S.332, HR.2112) would authorize a
comprehensive, multi-agency research effort to cut lung cancer’s mortality in half by 2016.
The first year of the five-year bill would provide at least $75 million to the Secretaries of
Health and Human Services, Defense and Veterans Affairs to develop a comprehensive
and coordinated research program.
The 21st Century Cancer ALERT Act (Access to Life Saving, Early Detection, Research
and Treatment) (S.717), introduced by Senator Kay Bailey Hutchinson (R-TX) and the late
Senator Ted Kennedy (D-MA), addresses the entire continuum of cancer care, including
prevention and early detection for those most at risk through support for innovative
initiatives and new technologies such as biomarkers and imaging. A coalition of “lethal
cancer” organizations – those cancers with 5-year survival rates of less than 50 percent,
including lung cancer – are working to establish a special additional research program
within this bill when it is introduced in the House of Representatives.

“The stigma attached to lung cancer contributes to underfunding of
research for the disease.”
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These bills are pending at the confluence of two important trends: (1) an increase in the
incidence of lung cancer in women, particularly younger women who have never smoked;
and (2) advances in targeted, personalized treatment that could benefit patients who are
found in the early stages of disease. Unfortunately, the conclusion reached by the Lung
Cancer Progress Review Committee of the National Cancer Institute in 2001 that lung
cancer has been funded far below its public health impact will persist as long as federal
funding remains uncertain.

Policy Recommendations

The barriers to advances in lung cancer are as much political as scientific. Lung
cancer carries a stigma almost unheard of with any other deadly disease, hindering
the unconditional support and investment of resources afforded to patients
with other serious conditions. The relatively small number of survivors,
coupled with patients’ experiences of blame and shame, impede the ability
of advocates to develop momentum around the disease. The public also
underestimates lung cancer’s impact – 67 percent of respondents in one
study stated that breast cancer is the leading cause of death in women, while
only 30 percent correctly indicated that lung cancer causes the most cancer deaths.140
These factors have contributed to significant funding disparities in cancer research.
Given additional investment, the scientific community could expand efforts to
understand the disease so that women and men both may realize lower incidence
and improved prognoses. Without dedicated resources, lung cancer will continue
to be under-funded relative to other cancers, hampering discoveries that could
expand prevention and treatment for this disease.
The increased incidence of lung cancer in women, particularly younger non-smokers, is cause
for alarm and should be a priority within the public health community. Removing the stigma
of lung cancer as a “self-imposed” disease is a threshold step in reversing years of blame
and neglect for the disease and achieving needed gains – including reduced incidence and
mortality and enhanced screening and treatment options. The following eleven strategies
are urged to improve outcomes for the disease:
1. Increase public awareness of risk factors, incidence, mortality rates and screening
and treatment options for women and men.
2. Reverse the stigma of lung cancer among the public, caregivers and clinicians through
education, dialogue and awareness.
3. Invest in research on sex differences in lung cancer and facilitate translation into
clinical practice.
4. Enable federal funding of lung cancer research across the spectrum of the disease,
emphasizing early detection and research on why and how the disease progresses in
different populations. Improve inter-agency coordination to maximize results.
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5. Refine screening technologies, including radiological and biomarker tests, to detect
the deadliest cancers while still in the earliest stages. Investments in computer-aided
detection and biomarkers tests that utilize blood, urine, sputum and breath are essential.

6. Advance early detection protocols through pilot programs, patient and provider
education, and reimbursement policies.
7. Encourage individuals at high risk of lung cancer – including former smokers, first
degree relatives of lung cancer patients, and those with protracted exposures to lung
carcinogens such as Agent Orange, radon or asbestos – to speak with their doctors
about the risks and benefits of screening.
8. Support research and development of early-stage, targeted therapies to improve
survival rates and facilitate the development of personalized treatment.
9. Promote genetic testing of tumors as a routine diagnostic tool so that more patients
can benefit from new therapies that target specific genetic mutations.
10. Eliminate racial and ethnic disparities in lung cancer through research on targeted
treatment of individual tumors, improved health care access and culturally competent
public health interventions.
11. Expand advocacy efforts through outreach, collaboration and coordination among
policy leaders, clinicians, researchers, patients and lung cancer advocates.
Lung cancer advocacy is experiencing new momentum after years of neglect. Around the
U.S., organizations devoted to increasing awareness, expanding research and providing
support for patients and families are growing in capacity and effectiveness. It will be
critical for advocates to collaborate with the public health, clinical and policy communities in
efforts to make progress against this disease.

21

VIII. Lung Cancer Across the Globe
Future Trends in Lung Cancer Worldwide

The extraordinary rise in lung cancer in American women in the 20th century will be
repeated in developing countries without considerable efforts to curb the widespread use
of tobacco. In many countries, socio-cultural constraints that previously discouraged
smoking in women are weakening. In China, for example, approximately 20 million women
have started smoking over the past decade, while aggressive marketing campaigns targeting
women in Japan have doubled smoking among women. These trends are troubling, and
are likely to result in a significant burden of lung cancer in these nations in the future.
In addition, if U.S. trends foretell global patterns, we may also see a rise in lung cancer
among women in developing nations that is not attributable to smoking, but is grounded
in a combination of toxic exposures in an increasingly industrialized culture as well as
genetic and hormonal influences.
The unchecked rise in lung cancer incidence in women in the U.S. should serve as a
warning and call to action for policy leaders at every level of governance. Despite enormous
strides in scientific understanding of sex- and gender-based influences that have led to
promising new screening and treatment modalities, lung cancer remains in the shadow of
other high-profile diseases. The growth in knowledge has not yet led to a decrease in the
death rate from this disease; among women, the incidence of lung cancer continues to
increase. Improved knowledge of sex differences in this most deadly cancer can guide health
care delivery and health policy, paving the way for improved outcomes for women and
men alike.

22

References
Novello S, Vavalà T. Lung cancer and women. Future Oncol. 2008 Oct;4(5):705-16.
	Lung cancer in American women: facts. National Lung Cancer Partnership Web Site. http://www.nationallungcancerpartnership.
org/index.cfm?page=lung_cancer_facts_women. Updated June 9, 2009. Accessed on March 1, 2010.
3
	What are the key statistics about lung cancer? American Cancer Society Web Site. http://www.cancer.org/docroot/CRI/content/
CRI_2_4_1x_What_Are_the_Key_Statistics_About_Lung_Cancer_15.asp?sitearea=. Updated October 20, 2009. Accessed on
January 14, 2010.
4
	Disease-focused snapshots. National Cancer Institute Web Site. http://planning.cancer.gov/disease/Lung-Snapshot.pdf. Updated
September 2008. Accessed July 29, 2009
5
	Fink S. Lung cancer, an equal opportunity killer. The New York Times Web Site. http://health.nytimes.com/ref/health/
healthguide/esn-lungcancer-expert.html. Updated February 15, 2008. Accessed January 14, 2010.
6
	Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun MJ. Cancer statistics, 2006. CA Cancer J Clin. 2006
Mar-Apr;56(2):106-30.
7
	Wingo PA, Ries LA, Giovino GA, et al. Annual report to the nation on the status of cancer, 1973–1996, with a special section on
lung cancer and tobacco smoking. J Natl Cancer Inst. 1999; 91(8):675-690.
8
	Olak J, Colson Y. Gender differences in lung cancer: have we really come a long way, baby? J Thorac Cardiovasc Surg. 2004 Sep;
128(3):346-351.
9
	Kazerouni N, Alverson CJ, Redd SC, Mott JA, Mannino DM. Sex differences in COPD and lung cancer mortality trends- United
States, 1968-1999. J Womens Health (Larchmt). 2004 Jan-Feb;13(1):17-23.
10
	Baruchin A, Make B. Smoking, the environment and an epidemic of lung disease. The New York Times Web Site. http://health.
nytimes.com/ref/health/healthguide/esn-COPD-qa.html?print=1. Updated November 28, 2007. Accessed on March 17, 2010.
11
	Centers for Disease Control and Prevention (CDC). Cigarette smoking among adults—United States, 2005. MMWR Morb Mortal
Wkly Rep. 2006 Oct 27;55(42):1145-1148.
12
	Selected estimates based on data from the 2008 National Health Interview Survey. Center for Health Statistics, Centers for Disease
Control and Prevention Web Site. http://www.cdc.gov/nchs/data/nhis/earlyrelease/200812_08.pdf. Updated December 2008.
Accessed July 29, 2009.
13
	Women and smoking: A report of the Surgeon General. Office of the Surgeon General Web Site. http://www.surgeongeneral.
gov/library/womenandtobacco/. Updated March 2001. Accessed March 15, 2010.
14
	Wakelee HA, Chang ET, Gomez SL, et al. Lung cancer incidence in never smokers. J Clin Oncol. 2007;25(5):472-478.
15
	Canning, A. Lung cancer hits young, non-smoking women. ABC News Web Site. http://abcnews.go.com/WNT/Health/
story?id=1014929&page=1. Updated August 6, 2005. Accessed August 24, 2009.
16
	New early detection studies of lung cancer in non-smokers launched today. Environmental Protection Agency Web Site. Available
at www.epa.gov/aging/press/othernews/2009/2009_0504_ons_1.htm. Updated August 6, 2009. Accessed March 5, 2010.
17
	Tong L, Spitz MR, Fueger JJ, et al. Lung carcinoma in former smokers. Cancer 1996;(78):1004-10.
18
	Warner EE, Mulshine JL. Lung cancer screening with spiral CT: toward a work strategy. Oncology (Williston Park). 2004
May;18(5):564-75, discussion 578, 583-4, 587.
19
	Jemal A, Chu KC, Tarone RE. Recent trends in lung cancer mortality in the United States. J Natl Cancer Inst. 2001 Feb
21;93(4):277-83.
20
	Belani CP, Marts S, Schiller J, Socinski MA. Women and lung cancer: epidemiology, tumor biology, and emerging trends in clinical
research. Lung Cancer. 2007; 55(1):p.15-23.
21
	Lung cancer (small cell). American Cancer Society Web Site. http://documents.cancer.org/6975.00/6975.00.pdf. Revised May 5,
2009. Accessed July 21, 2009.
22
	What you need to know about lung cancer. National Cancer Institute Web Site . http://www.cancer.gov/pdf/wyntk/wyntk_lung.
pdf. Updated July 26, 2007. Accessed July 21, 2009.
23
	Hoffman PC, Mauer AM, Vokes EE. Lung cancer. Lancet. 2000; 355 (suppl 1): 479-485.
24
	American Cancer Society study finds the most common type of lung cancer in the us is on the rise. American Cancer Society Web
Site. Available at http://www.cancer.org/docroot/MED/content/MED_2_1X_American_Cancer_Society_study_finds_the_
most_common_type_of_lung_cancer_in_the_US_is_on_the_rise_.asp. Updated 2000. Accessed March 4, 2010.
25
	Payne, S. Smoke like a man, die like a man?: a review of the relationship between gender, sex, and lung cancer. Soc Sci Med. 2000;
153:1067–1080.
26
	Stabile LP, Siegfried JM. Sex and gender differences in lung cancer. J Gend Specif Med. 2003; 6(1): 37-48.
27
	DiFranza JR, Richards JW, Paulman PM, et al. RJR Nabisco’s cartoon camel promotes camel cigarettes to children. JAMA. 1991
Dec 11;266(22):3149-53.
28
	Califano JA, Sullivan LW. The flavor of marketing to kids. Washington Post Web Site. http://www.washingtonpost.com/wp-dyn/
content/article/2006/06/28/AR2006062801980.html. Revised June 29, 2006. Accessed April 20, 2009.
1
2

23

	Coughlin PJ, Janecek FJ. A review of RJ Reynolds Internal Documents Produced in Mangini v. RJ Reynolds Tobacco Company,
civil number 939359- The Case that rid California and the American Landscape of “Joe Camel.” San Fransisco (CA): University of
California San Fransisco; 1998.
30
	Capps L. Poisonous in pink. Washington Post Web Site. http://www.washingtonpost.com/wp-dyn/content/article/2007/10/11/
AR2007101102065.html. Revised October 12, 2007. Accessed April 20, 2009.
31
	Deadly in pink: big tobacco steps up its targeting of women and girls. Tobacco-free kids Web Site. http://www.tobaccofreekids.
org/reports/women_new/index.html. Revised 2009. Accessed April 20, 2009.
32
	Carpenter CM, Wayne GF, Connolly GN. Designing cigarettes for women: new findings from the tobacco industry documents.
Addiction. 2005 Jun;100(6):837-51.
33
	Sutton D, and Robinson, R. The marketing of menthol cigarettes in the United States: populations, messages, and channels.
Nicotine Tob Res, 2004. 6 Suppl 1: p. S83-S91.
34
	Gardiner S. The African Americanization of menthol cigarette use in the United States. Nicotine Tob Res, 2004. 6 Suppl 1: p. S
55-S65.
35
	Ahijevych K, Parsley LA. Smoke constituent exposure and stage of change in black and white women cigarette smokers.
Nicotine Tob Res. 2004 Oct;6(5):853-62.
36
	The health consequences of smoking: a report of the Surgeon General. Office of the Surgeon General Web Site. http://
www.surgeongeneral.gov/library/smokingconsequences/. Updated May 27, 2004. Accessed March 10, 2010.
37
	Alberg AJ, Brock MV, Samet JM. Epidemiology of lung cancer: looking to the future. J Clin Oncol. 2005; 23:3175-3185.
38
	Gottschall EB. Occupational and environmental thoracic malignancies. J Thorac Imaging. 2002; 17:189-197.
39
	Lung cancer as it affects veterans and military. Lung Cancer Alliance Web Site. www.lungcanceralliance.org/pdf_docs/2009_Vets_
Information_Page.pdf. Updated 2009. Accessed on March 4, 2010.
40
	Bain C, Feskanich D, Speizer FE, et al. Lung cancer rates in men and women with comparable histories of smoking. J Natl Cancer
Inst. 2004 June 2;96(11):826-834.
41
	Blot WJ, McLaughlin JK. Are women more susceptible to lung cancer? J Natl Cancer Inst. 2004 June 2;96(11):812-813.
42
	Risch HA, Howe GR, Jain M, Burch JD, Holowaty EJ, Miller AB. Are female smokers at higher risk for lung cancer than male
smokers? A case-control analysis by histologic type. Am J Epidemiol. 1993 Sep 1;138(5):281-93.
43
	Agudo A, Ahrens W, Benhamou E, et al. Lung cancer and cigarette smoking in women: a multicenter case-control study in Europe.
Int J Cancer. 2000 Dec 1;88(5):820-27.
44
	Bennett WP, Alavanja MC, Blomeke B, et al. Environmental tobacco smoke, genetic susceptibility, and risk of lung cancer in
never-smoking women. J Natl Cancer Inst. 1999 Dec 1;91(23):2009-14.
45
	Brennan P, Buffler PA, Reynolds P, et al. Secondhand smoke exposure in adulthood and risk of lung cancer among never smokers:
a pooled analysis of two large studies. Int J Cancer. 2004 Mar;109(1):125-131.
46
	Wu AH, Fontham ET, Reynolds P, et al. Previous lung disease and risk of lung cancer among lifetime nonsmoking women in the
United States. Am J Epidemiol. 1995 Jun 1;141:1023-32.
47
	Mayne ST, Buenconsejo J, Janerich DT. Previous lung disease and risk of lung cancer among men and women nonsmokers.
Am J Epidemiol. 1999Jan 1;149:13-20.
48
	Wenzlaff AS, Cote ML, Bock CH, et al. GSTM1, GSTT1 and GSTP1 polymorphisms, environmental tobacco smoke exposure
and risk of lung cancer among never smokers: a population-based study. Carcinogenesis. 2005 Feb;26:395-401.
49
	Li Y, Sheu CC, Ye Y, et al. Genetic variants and risk of lung cancer in never smokers: a genome-wide association study. Lancet
Oncol. 2010 Mar 19. [Epub ahead of print].
50
	Canver CC, Memoli VA, Vanderveer PL, Dingivan Sex hormone receptors in non–small cell lung cancer in human beings. J Thorac
Cardiovasc Surg.1994 Jul; 108:153–7.
51
	Siegfried JM. Women and lung cancer: does oestrogen play a role? Lancet Oncol. 2001 Aug;2(8): 506-13.
52
	Stabile LP, A.L. Davis, C.T. Gubish, T.M. Hopkins, J.D. Luketich and N Christie et al. Human non–small cell lung tumors and
cells derived from normal lung express both estrogen receptor alpha and beta and show biological responses to estrogen.
Cancer Res. 2002; 62: 2141–50.
53
	Di Nunno L, Larsson LG, Rinehart JJ, Beissner RS. Estrogen and progesterone receptors in non-small cell lung cancer in 248
consecutive patients who underwent surgical resection. Arch Pathol Lab Med. 2000; 124(10): 1467-70.
54
	Ganti AK. Another nail in the coffin for hormone-replacement therapy? Lancet. 2009 Oct 10;374(9697):1217-8.
55
	Shriver, SP, Bourdeau HA, Gubish CT, et al. Sex-specific expression of gastrin-releasing peptide receptor: relationship to smoking
history and risk of lung cancer. J Natl Cancer Inst. 2000; 92: 24–33.
56
	Rosell R, Moran T, Queralt C, et al. Screening for epidermal growth factor receptor mutations in lung cancer. N Engl J Med.
2009;361: 10.1056/NEJMoa0904554.
57
	Mitsudomi T, Kosaka T, Endoh H, et al. Mutations of the epidermal growth factor receptor gene predict prolonged survival after
gefitinib treatment in patients with non-small-cell lung cancer with postoperative recurrence. J Clin Oncol 2005;23:2513-20.
29

24

Dictionary of cancer terms. National Cancer Institute Web Site. http://www.cancer.gov/dictionary/. Accessed July 9, 2009.
	Iggo R, Gatter K, Bartek J, Lane D, Harris AL. Increased expression of mutant forms of p53 oncogene in primary lung cancer.
Lancet. 1990 Mar24;335(8691):675-9
60
0 Higashiyama M, Doi O, Kodama K, Yokouchi H, Tateishi R. Retinoblastoma protein expression in lung cancer. Oncology. 1994
Nov-Dec;51:544-51.
61
0 LeeYC, Chang YL, Luh SP, Lee JM, Chen JS. Significance of P53 and Rb protein expression in surgically treated non-small cell
lung cancers. Ann Thorac Surg. 1999 Aug;68:343-7.
62
0 Tang DL, Rundle A, Warburton D, et al. Associations between both genetic and environmental biomarkers and lung cancer:
evidence of a greater risk of lung cancer in women smokers. Carcinogenesis. 1998 Nov; 19(11):1949-53.
63
	Kure EH, Ryberg D, Hewer A, et al. P53 mutations in lung tumours: relationship to gender and lung DNA adduct levels.
Carcinogenesis. 1996 Oct; 17(10):2201-5.
64
	Ryberg D, Hewer A, Phillips DH, Haugen A. Different susceptibility to smoking-induced DNA damage among male and female
lung cancer patients. Cancer Res. 1994 Nov 15;54(22):5801-3.
65
	Mollerup S, Ryberg D, Hewer A, Phillips DH, Haugen A. Sex differences in lung CYP1A1 expression and DNA adduct levels
among lung cancer patients. Cancer Res. 1999 Jul 15;59(14):3317-20.
66
	Haugen, Aage. Women who smoke: are women more susceptible to tobacco-induced lung cancer? Carcinogenesis. 2002
Feb;23(2):227-9.
67
	Patel JD, Bach PB, Kris MG. Lung cancer in US women: a contemporary epidemic. JAMA. 2004 Apr 14; 291:1763-8.
68
	Wei Q, Cheng L, Amos CL et al. Repair of tobacco carcinogen-induced DNA adducts and lung cancer risk: a molecular
epidemiologic study. J Natl Cancer Inst. 2000 Nov 1;92:1764-72.
69
	Travis K. Lung cancer screening for all? Not yet, panel says. J Natl Cancer Inst. 2004 Jun 16;96(12):900-1.
70
	Frame PS. Routine screening for lung cancer? Maybe someday, but not yet. JAMA. 2000 Oct 18;284(15):1980-3.
71
	Manser R. Screening for lung cancer: a review. Curr Opin Pulm Med. 2004 Jul;10(4):266-71.
72
	Cancer Facts and Figures 2007. American Cancer Society Web Site. www.cancer.org/downloads/STT/CAFF2007PWsecured.pdf.
Updated 2007. Accessed March 2, 2010.
73
	Ostroff J, Buckshee N, Mancuso C, Yankelevitz D, Henschke C. Smoking cessation following CT screening for early detection
of lung cancer. Prev Med . 2001 Dec;33(6):613-621.
74
	van Klaveren RJ, Oudkerk M, Prokop M, Scholten ET, Nackaerts K, et al. Management of lung nodules detected by volume CT
scanning. N Engl J Med. 2009 Dec 3;361(23):2221-9.
75
	Tumor markers: questions and answers. National Cancer Institute Web Site. http://www.cancer.gov/images/
Documents/9520f92f-69c0-48bd-b9cf-4bd81c60ac1c/Fs5_18.pdf. Updated February 3, 2006. Accessed July 13, 2009.
76
	Yuan JM, Koh WP, Murphy SE, et al. Urinary levels of tobacco-specific nitrosamine metabolites in relation to lung cancer
development in two prospective cohorts of cigarette smokers. Cancer Res .2009 Apr 1;69:2990-5.
77
	Urine test may determine if a smoker is at risk for lung cancer. American Association for Cancer Research Web site. http://
www.aacr.org/home/public--media/aacr-press-releases.aspx?d=1328. Revised April 19, 2009. Accessed August 24, 2009.
78
	A blood test to aid the early detection of lung cancer. Oncimmune Web Site. http://www.oncimmune.com/_pdf/press/
EarlyCDTPressRelease.pdf. Accessed August 24, 2009.
79
	Early detection may be your best chance of surviving lung cancer. Oncimmune Web Site. http://www.oncimmune.com/_pdf/
patients/EarlyCDT-LungRevised.pdf. Accessed August 24, 2009.
80
	Zhong L, Coe S, Stromberg AJ, et al. Profiling tumor-associated antibodies for early detection of non-small cell lung cancer.
J Tho Oncol. 2006 Jul;1(6):513-9.
81
	Planque C, Li L, Zheng Y, et al. A multiparametric serum kallikrein panel for diagnosis of non–small cell lung carcinoma.
Clin Cancer Res. 2008 Mar 1;14(5):1355-62.
82
	Kolata G. Panel urges mammograms at 50, not 40. The New York Times Web Site. http://www.nytimes.com/2009/11/17/
health/17cancer.html. Revised November 16, 2009. Accessed March 4, 2010.
83
	Mammography. Radiological Society of North America Web Site. http://www.radiologyinfo.org/en/info.cfm?pg=mammo.
Revised June 21, 2009. Accessed March 5, 2010.
84
	Early lung cancer screening FAQs. International Early Lung Cancer Action Program Web Site. http://www.ielcap.org/screening/
scfaqs.html#radiation. Revised 2007. Accessed March 5, 2010.
85
	International Early Lung Cancer Action Program Investigators, Henschke CI, Yankelevitz DF, et al. Survival of patients with stage
=I lung cancer detected on CT screening. N Engl J Med. 2006 Oct 26;355(17):1763-71.
86
	Goldberg S, Mulshine J, Hagstrom D, et al. An actuarial approach to comparing early stage and late stage lung cancer mortality and
survival. Popul Health Manag. 2010 Feb:13(1)133-46.
87
	Payne S. Gender in lung cancer and smoking research. World Health Organization Web Site. http://www.who.int/gender/
documents/LungCancerlast2.pdf. Revised 2005. Accessed July 13, 2009.
58
59

25

	Fu JB., Kau YT, Severson RK, Kalemkerian GP. Lung cancer in women: analysis of the National Surveillance, Epidemiology,
and End Results database. Chest. 2005; 127(3):768-777.
89
	International Early Lung Cancer Action Program Investigators, Henschke CI, Yip R, Miettinen OS. Women’s susceptibility to
tobacco carcinogens and survival after diagnosis of lung cancer. JAMA. 2006 Jul 12;296(2):180-4.
90
	Moore R, Doherty D, Chamberlain R, Khuri F. Sex differences in survival in non-small cell lung cancer patients 1974-1998.
Acta Oncol. 2004;43(1):57-64.
91
	Visbal AL, Williams BA, Nichols FC, et al. Gender differences in non-small-cell lung cancer survival: an analysis of 4,618
patients diagnosed between 1997 and 2002. Ann Thorac Surg. 2004 Jul;78(1):209-15.
92
	Chang M, Mentzer S, Colson Y, et al. Factors predicting poor survival after resection of stage IA non–small cell lung cancer.
J Thorac Cardiovacs Surg. 2007 Oct;134(4):850-6.
93
	Alexiou C, Onyeaka CV, Beggs D, et al. Do women live longer following lung resection for carcinoma? Eur J Cardiothorac
Surg. 2002 Feb;21(2):319-25.
94
	Agarwal M, Brahmanday G, Chmielewski GW, Welsh RJ, Ravikrishnan KP. Age, tumor size, type of surgery, and gender
predict survival in early stage (stage I and II) non-small cell lung cancer after surgical resection. Lung Cancer. 2009 Sept 15.
95
	Cerfoli RJ, Bryant AS, Scott E, et al. Women with pathologic state I, II, and III non-small cell lung cancer have better survival
than men. Chest 2006 Dec;130:1796-802.
96
	Berardi R, Verdecchia L, Paolo M, et al. Women and lung cancer: clinical and molecular profiling as a determinate for
treatment decisions: a literature review. Crit Rev Oncol Hematol. 2009 Mar;69(3):223-26.
97
	McGovern SL, Liao Z, Bucci MK, et al. Is Sex associated with the outcome of patients treated with radiation for NSCLC?
Cancer. 2009 Jul15;115(14):3233-42.
98
	Johnson BE, Steinberg SM, Phelps R, et al. Female patients with small cell lung cancer liver longer than male patients.
Am J Med. 1988 Aug;85:194-6.
99
	Paesmans M, Sculier JP, Lecomte J, et al. Prognostic factors for patients with small cell lung carcinoma. Cancer. 2000 Aug
1;89(3):523-33.
100
	Grogan EL, Jones DR. VATS lobectomy is better than open thoracotomy: what is the evidence for short-term outcomes?
Thorac Surg Clin. 2008 Aug; 18(3):249-58.
101
	What’s new in small cell lung cancer research and treatment? American Cancer Society Web Site. http://www.cancer.org/
docroot/CRI/content/CRI_2_4_6x_Whats_New_in_Small_Cell_Lung_Cancer_Research_and_Treatment.asp?sitearea=.
Revised October 13, 2009. Accessed March 4, 2010.
102
	Fogarty M. The face of lung cancer changes, but new drugs show promise. Stanford Cancer Center Web Site. 2010.
http://cancer.stanford.edu/features/patient_care_news/lungcancer.html. Revised 2010. Accessed March 4, 2010.
103
	Hsieh RK, Lim KH, Kuo HT, et al. Female sex and broncioloalveolar pathologic subtype predicts EGRF mutations in
non-small cell lung cancer. Chest. 2005 Jul;128(1):317-21.
104
	Comis, RL. The current situation: erlotinib (Tarceva) and gefitinib (Iressa) in non-small cell lung cancer. Oncologist. 2005
Aug;10(7):467-70.
105
	Raymond E, Faivre S, Armand J. Epidermal growth factor receptor tyrosine kinase as a target for anticancer therapy. Drugs.
2000;60Suppl 1:15–23; discussion 41–2.
106
	Rosell R, Moran T, Queralt C, et al. Screening for epidermal growth factor receptor mutations in lung cancer. N Engl J Med.
2009 Sep 3;361(10):958-67.
107
	Comis, RL. The current situation: erlotinib (Tarceva) and gefitinib (iressa) in non-small cell lung cancer. Oncologist 2005
Aug;10(7):467-70.
108
	Weiss J, Evans T. Anti-VEGF antibody (Bevacizumab) in combination with chemotherapy in first-ling treatment of NSLC:
common questions answered. Abraham Cancer Center Website. http://www.informedicalcme.com/1stline/
bevacizumab-therapy/. Accessed March 5, 2010.
109
	Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung cancer. N Engl J
Med. 2006 Dec 14;355(24):2542-50.
110
	NCI drug dictionary: Vandetanib. National Cancer Institute Web Site. http://nci.nih.gov/Templates/drugdictionary.
aspx?CdrID=269177. Accessed March 4, 2010.
111
	Zactima shows promise against non-small cell lung cancer. Tahoe Forest Cancer Center Web Site. http://
www.tahoecancercenter.com/Content.aspx?Section=cancernews&DocumentID=43641. Accessed March 4, 2010.
112
	Koivunen JP, Mermel C, Zejnullahu K, et al. EML4-ALK fusion gene and efficacy of an ALK kinase inhibitor in lung cancer.
Clin Cancer Res. 2008 Jul 1;14:4275-83.
113
	Takeuchi K, Choi YL, Togashi Y, et al. KIF5B-ALK, a novel fusion oncokinase identified by an immunohistochemistry-based
diagnostic system for ALK-positive lung cancer. Clin Cancer Res. 2009 May 1;15:3143–9.
88

26

	Wong DW, Leung EL, So KK, et al. The EML4-ALK fusion gene is involved in various histologic types of lung cancers from
nonsmokers with wild-type EGFR and KRAS. Cancer 2009 Apr 15;115:1723–33.
115
	Shaw AT, Yeap, BY, Mino-Kenudson M, et al. Clinical features and outcomes of patients with non-small-cell lung cancer who
harbor EML4-ALK. J Clin Oncol. 2009 Sept 10;27(26):4247-53.
116
	Scagliotti GV, Parikh P, von Pawel J, et al. Phase III study comparing cisplatin plus gemcitabine with cisplatin plus pemetrexed
in chemotherapy-naive patients with advanced-stage non-small-cell lung cancer. J Clin Oncol. 2008 Jul 20;26(21):3543-51.
117
	Haiman CA, Stram DO, Wilkens LR, et al. Ethnic and Racial Differences in the Smoking-Related Risk of Lung Cancer.
N Engl J Med. 2006 Jan 26;354(4):333-42.
118
	Cancer facts & statistics for Hispanics/Latinos 2009-2011. American Cancer Society Web Site. www.cancer.org/.../STT_1x_
Cancer_Facts__Figures_for_HispanicsLatinos_2009-2011.asp. Revised 2009. Accessed February 25, 2010.
119
	Center for Disease Control (CDC). Smoking-attributable mortality, years of potential life lost, and productivity losses- United
States, 2000-2004. MMWR Morb Mortality Wkly Rep. 2009 Nov 14;57(45):1226-8.
120
	Lung cancer as it impacts African Americans. Lung Cancer Alliance Web Site http://www.lungcanceralliance.org/pdf_
docs/2009_Factsheet_African-American.pdf. Accessed March 4, 2010.
121
	What are the key facts and statistics about lung cancer? American Cancer Society Web Site. http://www.cancer.org/docroot/
CRI/content/CRI_2_4_1x_What_Are_the_Key_Statistics_About_Lung_Cancer_15.asp?sitearea=. Accessed March 4, 2010.
122
	Surveillance, epidemiology, and end results (SEER) program, 17 SEER Registries 2000-2005. National Cancer Institute
Website. Revised 2008. Accessed March 3, 2010.
123
	Women and lung cancer. Lung Cancer Alliance Web Site. Available at: www.lungcanceralliance.org/pdf.../LCA_Women_
Fact_Sheet.pdf. Accessed January 29, 2010.
124
	Jazieh AR, Kyasa MJ, Sethuraman G, Howington J. Disparities in surgical resection of early-stage non-small cell lung cancer.
J Thorac Cardiovasc Surg. 2002 Jun;123(6):1173-6.
125
	Bach PB, Cramer LD, Warren JL, Begg CB. Racial differences in the treatment of early-stage lung cancer. N Engl J Med.
Oct 14 1999;341(16):1198-1205.
126
	Farjah F, Wood DE, Yanez III ND, et al. Racial disparities among patients with lung cancer who were recommended operative
therapy. Arch Surg. 2009 Jan;144(1):14-8.
127
	Jazieh AR, Kyasa MJ, Sethuraman G, Howington J. Disparities in surgical resection of early-stage non-small cell lung cancer.
J Thorac Cardiovasc Surg. 2002 Jun;123(6):1173-6.
128
	Smedley BD, ed, Stith AY, ed, Nelson AR, ed. Unequal Treatment: Confronting Racial and Ethnic Disparities in Health Care.
National Academies Press. 2003.
129
	Gordon HS, Street RL Jr, Sharf BF, Souchek J. Racial differences in doctors’ information-giving and patients’ participation.
Cancer. 2006 Sept 15;107(6):1313-20.
130
	Gordon HS, Street RL Jr, Sharf BF, Kelly PA, Souchek J. Racial differences in trust and lung cancer patients’ perceptions of
physician communication. J Clin Oncol. 2006 Feb 20;24(6):904-9.
131
	McCann J, Artinian V, Duhaime L, Lewis JW Jr, Kvale PA, DiGiovine B. Evaluation of the causes for racial disparity in
surgical treatment of early stage lung cancer. Chest. 2005 Nov;128(5):3440-6.
132
	2009 facts about lung cancer. Lung Cancer Alliance Web Site. http://www.lungcanceralliance.org/pdf_docs/2009_Factsheet.
pdf. Revised 2009. Accessed on March 1, 2010.
133
	Disease-focused snapshots. National Cancer Institute Web Site. http://planning.cancer.gov/disease /snapshots.shtml. Revised
2009. Accessed July 29, 2009.
134
	FY 2008 president’s budget. Centers for Disease Control Web Site. http://www.cdc.gov/FMO/FMOFYBUDGET.HTM.
Revised 2008. Accessed March 5, 2010.
135
	SEER cancer statistics review 1975-2006: table 4.12: cancer of the female breast (invasive). National Cancer Institute. 2005.
136
	Horner MJ, Ries LAG, Krapcho M, et al. SEER cancer statistics review, 1975-2006. National Cancer Institute Web Site.
at http://seer.cancer.gov/csr/1975_2006/. Revised 2009. Accessed January 19, 2010.
137
	Roth M. Does lung cancer get short shrift? Post-Gazette Web Site. http://www.post-gazette.com/pg/09172/978938-114.stm.
Revised June 21, 2009. Accessed July 29, 2009.
138
	Wassenaar TR, Eickhoff JC, Jarzemsky DR, Smith SS, Larson ML, Schiller JH. Differences in primary care clinicians’
approach to non-small cell lung cancer (NSCLC) patients compared to breast cancer (BrCa). Oncology, 2006;24(18s):7041.
ASCO Annual Meeting Proceedings (Post-Meeting Edition).
139
	What are the key statistics about lung cancer? American Cancer Society Web Site. http://www.cancer.org/docroot/CRI/
content/CRI_2_4_1x_What_Are_the_Key_Statistics_About_Lung_Cancer_15.asp?sitearea=. Revised October 20, 2009.
Retrieved March 1, 2010
140
	Healton CG, Gritz ER, Davis KC, Homsi G, McCausland K, Haviland ML, Vallone D. Women’s knowledge of the leading
-causes of cancer death. Nicotine Tob Res. 2007 Jul;9(7):761-8.
114

27

We are deeply grateful to the following
individuals for their invaluable contributions:
Laurie Fenton Ambrose
Kay Cofrancesco
Laura Cohen
Yolonda Colson, MD, PhD
Rachael Fulp-Cooke, MPH
Leena Gandhi, MD, PhD
Megha Garg
Erin George
Yodeline Guillaume
Yoon-Jin Kim
Francine Jacobson, MD, MPH
Paula A. Johnson, MD, MPH
Piper Orton, MBA
Michael Rabin, MD
Sheila Ross
The Women’s Lung Cancer Forum

28

Out of the Shadows

About the Mary Horrigan
Connors Center

The Mary Horrigan Connors Center for Women’s Health and Gender Biology is an
innovative interdisciplinary clinical, research, education and policy program in women’s
health whose mission is to improve the health of women and transform their medical care.
For more information, please see www.brighamandwomens.org/connorscenter

About the Women’s Health Policy and Advocacy Program

The Women’s Health Policy and Advocacy Program is a non-partisan initiative striving to
inform the policy process, building on clinical experience and sex- and gender-based
knowledge, to improve health and health care for women.
For more information, please see connorscenter.bwh.harvard.edu

For more information please contact:

Tracey Hyams, JD, MPH
Director, Women’s Health Policy and Advocacy Program
Connors Center for Women’s Health and Gender Biology
Brigham and Women’s Hospital
75 Francis Street, Boston, MA 02115
Tel: 617.525.7516 • Fax: 617.525.7746
Email: thyams@partners.org
connorscenter.bwh.harvard.edu

