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1. Introduction

Exposure to carcinogens in tobacco smoke may
cause DNA damage in the lung, resulting in lung
cancer. Research has found that women and men
respond differently to tobacco carcinogen exposure
and behaviorally- and medically-based tobacco ces-
sation programs.

ings that explain sex differences (SD) in response
to tobacco exposure. Tobacco exposure and
smoking play crucial roles in the etiology of lung
cancer, and understanding biological differences in
men’s and women’s responses to tobacco carcino-
gens may improve disease prevention. Potential
prevention mechanisms include (1) preventing
smoking initiation, (2) helping smokers quit, and
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(3) discovering novel approaches to disrupt the
carcinogenic process. Understanding SD in smoking
addiction and molecular carcinogenesis may lead
to sex-appropriate tobacco cessation interventions
and more effective lung cancer treatments.

2. Epidemiology

Lung cancer kills more women annually in the
United States than any other cancer, including
in lung cancer research, and specifically those find-

Abbreviations: CBT, cognitive behavioral therapy; CT, com-
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ment therapy; NSCLC, non-small cell lung cancer; PAH, poly-
cyclic aromatic hydrocarbons; SD, sex differences
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breast cancer [1]. In 2004, 80,660 American women
are expected to be diagnosed with lung cancer, and
68,510 are expected to die of the disease, according
to American Cancer Society figures [2]. Among men,
lung cancer incidence and mortality have been de-
clining since the early 1980s and 1990s, respectively
[3]. In women, lung cancer incidence did not be-
gin to decrease until 1998, and mortality has been
stable since 1995 for the first time after increas-
ing for several decades. Smoking causes approxi-
mately 80% of the lung cancer deaths in US women
[4].

The total number of tobacco-exposed Americans
increased between 1960 and 2000, even though
the percentage of adult smokers decreased since
1960 (men: 55%—27.6%; women: 35%—22.1%). Jill
Siegfried, Ph.D., University of Pittsburgh School
of Medicine, explained that this increase was
due to population growth and the increase in the
number of former smokers from 10 million to 50
million over the time period [5]. In addition, the
total number of active smokers remained stable
at approximately 55 million. According to Ann
Schwartz, Ph.D., Karmanos Cancer Institute, even
if all women stopped smoking today, the effects of
tobacco exposure would linger into future decades

women, tend to have unique lung cancer histology
and disease characteristics. For example, smoking-
related tumor progression has been associated with
adenocarcinomas and small cell lung cancer in
women smokers [15,16]. In a retrospective study
from 1973 to 1992, lung cancer patients under age
50 were diagnosed with more advanced disease
than older patients, and a surprisingly higher per-
centage of these younger patients were women
(45%) and had never smoked (26%) [17]. In contrast,
among patients undergoing major curative lung re-
section for non-small cell lung cancer (NSCLC),
women who were younger, smoked less, or were
nonsmokers tended to be diagnosed with adenocar-
cinoma but at earlier disease stages [12,18—23].
Other corroborative studies indicate that in addi-
tion to the characteristics of younger age, adeno-
carcinoma, stage 1 disease, asymptomatic disease,
and less smoking [21,24], women also had less inci-
dence of cardiac disease, diabetes, and high body
mass index than men [22].

Although the 5-year relative lung cancer survival
rates are uniformly poor, women have a significant
survival advantage over men (17% versus 13.2%)
[12,25]. In a retrospective study, asymptomatic,
nonsmoking women whose cancer was detected
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before lung cancer incidence and mortality rates
significantly declined [6]. According to the Na-
tional Cancer Institute, American women have
nearly a 6% lifetime risk of developing lung cancer
[1]. Nonsmoking women living with a smoker
increase their risk of lung cancer 30% compared
to nonsmoking women not exposed to passive
smoke [7].

Although a recent study reported equal lung
cancer risk for both sexes [8], many studies indi-
cate that women may be more susceptible than
men to developing the disease [9—12]. In studies
based on screening data that were conducted by
Claudia Henschke, M.D., Ph.D., New York Hospi-
tal, Cornell Medical Center, after controlling for
confounders of age and smoking, women were at
a greater increased lung cancer risk (odds ratio
of 2.7) [13]. From 1999 to 2002, Henschke per-
formed computed tomography (CT) screening on
approximately 2000 individuals who were age 40
and older, had at least one pack-year of smoking,
and were thoracic surgery candidates. Among the
77 lung cancer cases that were found at baseline,
54 (70%) were in women. In a previous study, a
larger proportion of current smokers were women
(49% women versus 36% men), and older women
had a harder time quitting smoking than older
men [14].

According to Cynthia Caracta, M.D., Mount Sinai
School of Medicine, women, and especially younger
arly in the course of disease had a small survival
dvantage [21]. Another study found that following
ung resection for NSCLC, men had a higher mor-
ality rate for pneumonectomy than women (8.1%
ersus 1.4%), and the 5-year survival rate was sig-
ificantly greater for women than men (48% versus
4%) [22]. Female sex, pathological stage, and a di-
gnosis of squamous cell carcinoma were indepen-
ent predictors of survival. Women also have higher
urvival rates following nonsurgical treatments for
ung cancer [26,27].

. Genes and hormones in susceptibility
o lung cancer

or over 40 years, researchers have postulated that
hereditary link for lung cancer exists [28], and
ince the late 1980s, many studies have addressed
his genetic predisposition. Carolyn Dresler, M.D.,
PA, GlaxoSmithKline Consumer Healthcare, stated
hat a woman’s family history of cancer might en-
ance her smoking-induced lung cancer risk. In one
tudy of nonsmoking women with lung cancer, the
dds ratio was 3 if a mother or sister had been di-
gnosed with lung cancer, but it was significantly
ower if the first-degree relative was male [29]. A
amily history of early lung cancer was associated
ith more than a five-fold increased risk for breast
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cancer in first-degree relatives [30] and more than
a two-fold increased risk for developing cancer in
general [31].

To further investigate a genetic component
to lung cancer, investigators have studied com-
binations of polymorphisms, including CYP1B1,
XPD, GSTM3, and GSTP1. One study found that
certain inherited genotypes were correlated with
increased lung cancer risk in women [32]. Stud-
ies of susceptibility genes that may predispose
individuals to lung cancer usually have included
a small patient population; therefore, future
research should include larger groups of patients to
identify the most important susceptibility factors.
In addition, focusing on specific susceptibility
genes and multiple polymorphisms would help de-
termine their frequency and potential link to lung
cancer and develop more effective prevention and
risk reduction methods and treatments for both
sexes.

Women are more likely than men to develop
gene mutations as a result of exposure to tobacco
carcinogens [33]. Women smokers have higher
levels of DNA adducts [34], lower DNA repair
capacity [35,36], and more mutations in p53
[37,38], C-erb-2 [39], CYP1A1 [10,34], K-ras [37],
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and tumor lung cells expressing both receptors [44].
The two ER isoforms are differentially expressed
in men and women, which may account for some
of the SD in lung cancer development. One study
found that ER� levels were higher in the lungs of
women, but ER� levels were comparable between
the sexes [45]. Murine xenograft studies demon-
strated that the antiestrogen, fulvestrant, inhibited
estrogen-stimulated growth of lung tumors express-
ing ER� and ER� [44]. Using antiestrogens to treat
lung cancer may be especially important for women
because their higher circulating estrogen levels may
increase lung cancer risk and exacerbate the dis-
ease.

In addition to ER action, the epidermal growth
factor receptor (EGFR) may be implicated in lung
cancer. Upon ligand binding, EGFR is autophospho-
rylated and activated, leading to phosphorylation
of intracellular substrates. These phosphoryla-
tion reactions result in mitogenic proliferation,
inhibition of apoptosis, promotion of cellular
mobility, adhesion, and invasion in tumor cells.
EGFR is overexpressed in the majority of NSCLC
and is associated with poor prognosis [46]. In May
2003, gefitinib, a selective EGFR tyrosine kinase
inhibitor, was approved as third-line therapy for
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nd gastrin-releasing peptide receptor (GRPR) than
ale smokers [40]. The GRPR, which is an X-linked
ene whose protein product is involved in lung
ell maturation and differentiation, is activated
arlier in women who smoke and/or are exposed
o nicotine and is related to lung cancer develop-
ent [40]. Polycyclic aromatic hydrocarbon (PAH)
DNA adducts cause G to T transversions in the
53 gene and reduced DNA repair capacity, thus
ncreasing the likelihood of disease [35]. One study
eported that women smokers had significantly
igher PAH-DNA adducts levels per pack year and
n earlier age of onset of lung cancer than males
34]. DNA damage from carcinogens may be higher
n women, even after adjusting for smoking history
41].
Understanding the interaction among onco-

enes, gene mutations, and estrogens may pro-
ide more effective lung cancer prevention and
reatments. Studies have linked early menopause
nd oral contraceptive use to decreased lung can-
er risk, and postmenopausal estrogen replacement
herapy to increased risk [42]. Estrogens may con-
ribute to lung cancer occurrence by altering reg-
lation of gene expression through binding to the
wo estrogen receptor (ER) isoforms, ER� and ER�,
r by undergoing metabolism to hydroxy interme-
iates that can form DNA adducts [43]. Both ER
soforms are expressed in human lung cancer tis-
ue, and estrogen promotes the growth of normal
SCLC. Dr. Siegfried commented that concomi-
ant gefitinib and fulvestrant decreased EGF-
nd estrogen-induced cell proliferation in lung
umor cell lines greater than either agent alone.
onsidering that lung tumors could co-express
GFR and ER, the actions of both receptors may be
mportant for lung cancer progression; therefore,
ombining EGFR inhibitors and antiestrogens may
e an effective treatment for women with lung
ancer.

. Screening and smoking cessation

n the Early Lung Cancer Action Project, Dr. Hen-
chke compared the effectiveness of traditional
hest X-rays with spiral CT scanning, which is
newer lung cancer screening technology. Both
ethods evaluated 1000 patients who were age 60
nd older, had at least a 10 pack-year smoking his-
ory and no prior cancer, and were thoracic surgery
andidates. Compared to CT, which detected ma-
ignant disease in 27 patients, X-ray diagnosed only
. Stage I lung cancer was detected in 23 of the 27
alignant cases diagnosed by CT, but only in 4 of
he 7 diagnosed by X-ray [47]. Baseline and repeat
piral CT screenings allowed for earlier and more
ffective detection of lung tumors than traditional
hest X-ray [48]. Annual lung cancer screening with
piral CT scanning may provide the best opportu-



4 CONFERENCE

nity to detect early stage lung tumors and lead to
better treatment outcomes.

In addition to early detection, annual lung
cancer screening represents an opportunity to
encourage smoking cessation [14]. Following
lung cancer screening, smokers showed a 1-year
smoking cessation rate of 25%, and another 25%
had decreased their smoking. According to Dr.
Henschke, younger people were more interested
in quitting because of their perceived benefit
of cessation and overall cancer anxiety. Unfor-
tunately, enrolling older smokers with normal
lung scans in tobacco cessation programs is more
difficult because of their minimal cancer anxiety
and perceived benefits from cessation.

According to Dr. Alexander Prokhorov, M.D.,
Ph.D., The University of Texas, M.D. Anderson
Cancer Center, more than 90% of adult smokers
began smoking before age 19. ‘‘This statistic is
important because every day nearly 5000 young
people under age 18 try their first cigarette. More
than 6.4 million children living today will die
prematurely because of a decision they made as
adolescents to smoke,’’ he commented. According
to the 1994 Surgeon General’s Report, environ-
mental factors such as accessibility of tobacco

cessation program in the state. Among women age
16—24, 83% believed they could quit smoking, 65%
expressed their desire to quit smoking, 60% tried to
quit once in 2002, but only 3% succeeded in quitting
for at least 1 year.

Three youth smoking prevention initiatives have
been implemented in Texas. Project Aspire is a
computer-based intervention in 16 Houston-area,
predominately urban, minority high schools that
is designed to prevent smoking initiation and help
cessation. Girls tended to be better informed
about smoking consequences than boys and were
more active in helping their peers to stop smoking.
Girlfriends helped boyfriends stop smoking at rates
of 19.1%, compared to 3.6% for boyfriends helping
girlfriends. Look at Your Health is a community
college study that used spirometry to measure lung
function in students who wanted to stop smoking.
During the change from smoker to nonsmoker,
compared to men, women exhibited greater lung
function recovery and greater improvement in
expiratory flow, morning and daytime cough,
wheezing, shortness of breath, phlegm production,
and chest tightness or pain. Project SUCCESS uses
motivational interviewing and health informa-
tion (an individual’s respiratory symptoms, lung
f
4
m
(
s
c
s

m
o
U
s
i
d
d
d
h
l
[
t
s
m
s
t

d
i
W
o
T

products, advertising, sibling and peer tobacco
use, normative expectations, and social support
are involved in smoking initiation in adolescents.
Behavioral factors include academic achievement,
school performance, behavioral skills, intentions,
and experimentation. In addition to personal
factors such as socioeconomic status, knowledge of
consequences, expected benefits of smoking, self-
esteem, personality factors, and psychological well
being, the societal influence of smoking glamorized
in movies and magazines encourages smoking initia-
tion. The 2001 Surgeon General’s Report on Women
and Smoking identified several factors associated
with smoking initiation in girls, including parents
and friends who smoke, normative expectations,
risk taking, rebellious activity, low religiosity, low
self-esteem, high emotional distress, weight con-
trol, low education, and employment levels. Body
dissatisfaction, eating problems, negative affect,
and social influences are particularly important for
girls. ‘‘Life hassles’’ related to school, family, and
economic situation contribute to smoking initiation
in African American girls [49].

In 2000, 29.7% of high school senior girls reported
smoking within the last 30 days. The Texas De-
partment of Health Youth Tobacco Survey reported
smoking prevalence at 9% and 21% among middle
and high school girls, respectively. However, smok-
ing prevalence in girls in Texas has dropped 30%
since 1999, partly due to a tobacco prevention and
unction, and carbon monoxide level) to help
-year university students quit smoking. Cessation
ethods include nicotine replacement therapy
NRT) and face-to-face and Web-based counseling
essions. Providing current, personalized health
onsequences to youth may influence them to quit
moking and motivate them to remain smoke free.
Dr. Prokhorov stated that smoking cessation is
ore difficult for women, who tend to relapse more
ften than men. According to Ken Perkins, Ph.D.,
niversity of Pittsburgh School of Medicine, depres-
ion and menstrual cycling affect smoking cessation
n women. Negative mood after quitting is worse
uring the luteal rather than the follicular phase;
uring the luteal phase, smoking cessation is more
ifficult, with more discomfort [50]. In addition,
istory and severity of clinical depression are re-
ated to tobacco cessation success rates in women
51,52]. Considering that in the general popula-
ion women are more likely to suffer major depres-
ion than men [53] and negative affect may be the
ost important measure predicting the outcome of
moking cessation, women smokers who are trying
o quit may face more severe obstacles than men.
Women are more concerned about weight gain

ue to smoking cessation than men, which may
nfluence their decision to stop smoking [54].
omen were found to gain more weight in terms
f absolute pounds over baseline weight [55].
ypically, women gain about 8—10 pounds when
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quitting smoking, a weight change that is not
a health concern compared to the benefits of
quitting. Dr. Perkins evaluated the effectiveness
of three therapies to control weight gain while
supporting smoking cessation efforts. The three
methods were cognitive-behavioral therapy (CBT)
to reduce concern about post-cessation weight
gain, dieting to prevent weight gain, and providing
social support during smoking cessation (control)
[56]. CBT to reduce weight gain concerns proved
most successful for supporting smoking cessa-
tion and, paradoxically, for controlling weight
gain.

In addition, women and men differ in their
response to various NRT and non-nicotine phar-
macologic treatments. Compared to men, women
showed a poorer response to the nicotine replace-
ment patch, which may contribute to women’s
lower quit rates [57]. Studies of both nicotine nasal
spray and tobacco smoking indicate differences in
self-administration of the drug in women and men
[58,59]. The non-nicotine medication, bupropion,
is approved for tobacco cessation [60], can attenu-
ate weight gain, and may do so to a greater degree
in women than men [61]. Causes of SD in response
to pharmacologic therapy for quitting smoking
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