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Introduction

Malignant diseases are leading and growing global health 
problem. The epidemiologic data show an increasing 
incidence of many cancers. Among them lung cancer is 
the first cause of death due to malignancy in both sexes. 
The last 20 years brought spectacular progress in lung 
cancer diagnosis, recognition of molecular alterations 
and the mechanisms of host anti-cancer defense leading 
to treatment strategies with effective tailored therapies. 
Precise characterization of cancer (i.e., histology, molecular 
changes, tumor spread = stage of the disease) and patient 
(i.e., health conditions, performance status) are the basis for 
proper qualification to therapy.

The main lung cancer types include small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC) 
(currently occurring in more than 85% of cases). The 
recognition of main NSCLC types became possible thanks 
to use of immunohistochemistry with antibodies anti 

p40 and anti TTF1. These are: squamous cell carcinoma 
(SQCC), adenocarcinoma (ADC), not otherwise specified 
(NOS) recognized in small biopsy and large cell carcinoma 
possible to diagnose in surgical biopsy (1). In the cases of 
ADC and NOS further molecular diagnosis is indicated 
for mutations in epidermal growth factor receptor (EGFR) 
gene and after that for rearrangement of anaplastic 
lymphoma kinase/c-ros oncogene 1 (ALK/ROS1). This 
molecular characteristic is recently extended with molecular 
aberrations of BRAF, KRAS, MET, ERBB2, RET (2). 

The stage of disease, which is the most important 
prognostic factor is defined by TNM classification. This 
system was introduced in the 1940s. The last 8th lung cancer 
classification has been used since 2016 (3). In practice the 
application of this TNM system would not be possible 
without modern methods of imaging, endoscopy and 
biopsy techniques. Particularly the use of endobronchial 
ultrasound guided biopsy (endobronchial ultrasound, 
esophageal ultrasound with biopsy: EBUS/TBNA, EUS/
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TNA) has considerably improved diagnosis of lymph nodes 
involvement with cancer cells. The resection of the tumor 
and radiotherapy remain the methods of choice of radical 
treatment. But yet, the majority of cases (more than 70%) 
are in the advanced stages of disease at recognition. The 
prolonged survival in these cases may be achieved thanks 
to the application of targeted therapy with tyrosine kinase 
inhibitors (TKIs) or immunotherapy with immune check 
points inhibitors (ICIs) (4-6). The results of currently 
published clinical studies confirm the efficacy of ICIs 
combined with chemotherapy in advanced NSCLC (6). 

The course of lung cancer even among the same 
histological types, clinical stages and similar molecular 
pattern is very different and unpredictable. The prognostic 
and predictive factors for lung cancer are everlastingly 
investigated. Clinical observation and epidemiological 
data justify our special attention paid to the distinctiveness 
of lung cancer in women. The aim of this review is to 
summarize available reports concerning selected important 
aspects of female lung cancer. 

Taking into account the proper designation of the two 
terms: ‘sex’ and ‘gender’ we would like to point out that 
they should be differentiated in scientific elaborations. 
Biological sex refers to the anatomy and physiology of the 
reproductive system with secondary sex characteristics, 
while gender reflects an individual identification of the 
person. Therefore, the term ‘sex’ is accurate in the context 
of cancer biology, but the term ‘gender’ is not without 
significance in the psychological and behavioral context of 
the disease.

Lung cancer in women over the years

Chest tumors have been known since the 18th century, first 
mentioned by Batista Morgagni. The first comprehensive 
description of tumors of the lung was presented by Isaak 
Adler about one hundred years ago in the monograph 
Primary malignant growth of the lungs and bronchi: a 
pathological and clinical study (New York: Longmans, Green 
& Company 1912) (7,8). The author presented 374 cases 
of lung cancer estimating that lung cancer cannot be a 
problem compared to tuberculosis. It accounted for 1% 
of all malignancies. Unfortunately, no information about 
sex distribution in these firstly described cases is available. 
However, a few descriptions of abnormal “nests of epithelial 
cells…and epithelial clusters in the alveoli upon microscopic 
examination.” in young woman were cited by Adler to 
emphasized the role of careful autopsy examination for lung 

cancer diagnosis (8). 
Nowadays the epidemiological data clearly illustrate a 

real problem of lung cancer. However, they require proper 
presentation to understand their value. The methodological 
aspects of the studies should be taken into account when 
epidemiological data are compared. Some of the cases may 
be disregarded because of imperfection of the diagnostic 
procedures or inaccuracy of reporting methods (9). The 
increasing incidence of the disease may be somewhat 
relative when diagnosis the is improved and the problem 
is carefully observed. Consequently, the presented data are 
not always comparable and following the epidemiological 
changes over time requires caution. Here we demonstrate 
incidence and mortality due to lung cancer as a proportion 
of all malignant tumors (Figure 1). In our opinion it is 
proper way of showing current epidemiological status 
and may prove useful in comparable analyses. These pie 
charts show a dominant place of lung cancer among all 
malignant tumors. It seems to be reducing from 2011, when 
its incidence among women was shown to be 14% and 
mortality—26% of all cancers (12). 

A prolonged survival in the aging population and 
significant improvement of care of heart and chronic 
diseases have led to the conditions in which malignant 
diseases have become a great and serious health problem 
worldwide. Lung cancer constitute one of the most 
common cancers among both sexes. Basing on the data 
from International Agency for Research on Cancer (WHO) 
the number of new lung cancer cases in 2018 in both 
sexes was about 2 million, which accounted for 11.6% of 
all cancers. The estimated global deaths were 1.8 million  
(1.2 million of males and about 600 thousand of females) 
what is accounted for 18.4% of all cancer deaths. The 
lung cancer incidence is the highest in Asia (58.5% of all 
lung cancer cases), Europe (22.4%) and North America  
(12.1%) (10) .  The world averaged incidence age 
standardized rates are estimated at 31.5 in males and 14.6 
in females (per 100,000). The highest age standardized 
incidence rates in males (more than 40 per 100,000) are 
reported in Micronesia, Polynesia Central and Eastern 
Europe and in Eastern and Western Asia. In the countries 
of North and South America only Uruguay is recorded 
in the same group. Among women the highest incidence 
(>24/100,000) was noted in Micronesia, Western and 
Northern Europe, Northern America and Australia/New 
Zeeland. In Eastern Europe the age standardized incidence 
rate was 11.9/100,000 (10). In Poland about 21,000 people 
received annually a new diagnosis of lung cancer (14,460 
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men, 7,500 women, according to the data from 2015) (11). 
Over the last years it was the death cause of about 30% of 
all malignant neoplasms of males and 15% of females. For 
about 25 years a downward trend in incidence of lung cancer 
in males and a tendency to increase in females (Figure 2) 
have been observed. In the study presented by Radzikowska 
et al. in 1995 of 5,404 lung cancer patients only 14.5% were 
women. The mean age of women and men was similar 
(59.7 vs. 61.9 years, respectively). There was a prevalence of 
women in the group younger than 50 years with the ratio 
of male to female 1:3, while in patients over 50 years the 
ratio was 1:7. The study indicated that 75% of women with 
lung cancer were smokers (13). In addition, it presented a 
different profile of women and men with lung cancer in a 
large group. Jemal et al. analyzed age specific incidence of 
lung cancer in the US (14). The decreasing incidence of 
this cancer in both sexes was confirmed but, the decline was 
greater among men. The results show that among young 
white non-Hispanic population, female-to-male incidence 
rate ratio increased from 0.88 in the period 1995–1999 to 
1.17 in the period 2010–2014. This ratio was recently the 
highest among young women diagnosed with localized, 
less advanced curable disease (15). The authors concluded 
that this tendency was not fully explained by susceptibility 
to smoking. A deep analysis of the epidemiology of lung 
cancer in women in US was presented by Henley et al. (16). 
Some points are worthy to underline: it was stated that lung 
cancer incidence does not differ between women and men 
in the young group of patients. There is a highest incidence 

of lung cancer among white women. The non-Hispanic 
women suffer from more aggressive tumors than Hispanic. 
On the other hand, the survival rate is lower in black 
women (16). 

Smoking

Cigarette smoking peaked in women 2 decades later than in 
men therefore the epidemic of lung cancer started later in 
women (17). Women began smoking predominantly during 
and after World War II. In contrast to men, who began 
smoking cigarettes at the beginning of the 20th century, 
with significant peaks of initiation during the two World 
Wars (18). Nowadays (data from 2016) it is estimated that 
in the United States 15.5% of all adults (37.8 million) were 
current cigarette smokers (among them 17.5% of males, 
13.5% of females) (19). In Poland smoking habit among 
women remains high; in 2012, 24.4% of adults smokers 
were reported to be women (20). The studies by Jassem et al.  
indicated reduction in the proportion of smokers from 1979 
through 2000 to 2013: among men 62.2% by 45% to 34% 
and among women from 30.3% by 24% to 20% (21,22). 
However, caution is required when the data concerning 
smoking are analyzed as some relevant information may be 
missed due to its collection based on self-reporting.  

The susceptibility to harmful influence of tobacco 
smoke in women is reported with conflicting options. 
Epidemiological studies show that lung cancer in women is 
much less tobacco-dependent than in men. It was assessed 
in 2000 that 47% of lung cancer cases in women were a 
consequence of tobacco smoke (vs. 85% in men) (23). The 
group of S. Lam from Canada conducted the investigations 
of precancerous changes in bronchial epithelium evaluated 
using fluorescence bronchoscopy and special methods 
of bronchial biopsy examination (24). In one study 401 
subjects were investigated to present sex-related differences 
in the grading of preinvasive bronchial lesions. The 
comparable number of cigarette smoking men and women 
were included in this study. The prevalence of high-grade 
preinvasive lesions and carcinoma in situ related to smoking 
were found to be lower in women than in men. 

Although some authors reported higher risk of lung 
cancer development in men, the others did not confirm this 
observation. O’Keeffe et al. presented a systematic review 
and meta-analysis of prospective cohort studies (25). In this 
analysis data from 99 cohorts, of 7,113,303 individuals (46% 
women) were available. Current smoking was found to be 
associated with an age-adjusted relative risk (RR) of lung 

Figure 2 The ratio women to men of age-standardized incidence 
rate in 2018 vs. 2008 in the different parts of the world. The arrows 
show increasing tendency of this ratio. Synthesis from numerous 
cited publications. 
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cancer of 7.48 in women and 8.78 in men in comparison 
to non-smokers. The risk was similarly correlated with the 
number of cigarettes smoked per day in both sexes. The 
risk among former smokers did not differ between men and 
women. The authors concluded that a risk of lung cancer 
related to smoking was similar in both sexes, however, 
pointing out that it may remain underestimated as self-
reported. 

In a large study on 1,300,000 UK women the relationship 
between smoking with and mortality was analyzed (26). 
The 12 years relative risk of death of ever smoking vs. never 
smoking women was found to be second after chronic lung 
diseases and was 21.4 (19.7–23.2). An important benefit 
from early smoking cessation was shown in this study. 
The opinion that women find it more difficult to quitting 
smoking than men was repeated (27). In our unpublished 
observation women remained in abstinence longer than 
men and they were more likely to undergo anti-nicotine 
therapy. 

Taking into account other risk factors for lung cancer 
development the environmental tobacco smoke (ETS) 
is not to overestimated. Yet, it is doubtful whether ETS 
should be included next to other risk factors apart from 
smoking. Indeed, this agent is extremely difficult to 
assess and measure. No data concerning ETS in patients 
anamneses are available, no objective methods of counting 
ETS “intensity” have been developed (28). However, our 
knowledge of relationships at home and in the workplace 
in the near history justifies the decision to estimate a 
considerable exposure of women to ETS. In Poland more 
than 60% of men were smokers in the 1970s and 1980s. 
Today female lung cancer patients aged 70–80 years, who 
might have spent almost all their lives in the conditions 
of tobacco smoke exposure are the ‘victims’ of common 
smoking burden. The mechanisms of action of direct and 
second-hand tobacco smoke differ. It was presented that 
side stream of smoke is much more dangerous than the main 
one. Therefore, ETS is an important agent responsible for 
such high incidence of lung cancer among “never smoking” 
women in 21st century. 

Lung cancer screening

The only method to achieve an early lung cancer diagnosis in 
population seems to be a screening with low dose computed 
tomography (LDCT). The goal of lung cancer screening 
is to detect tumor in early stage when radical therapy is 
possible, the survival rate and a reduction of mortality can 

be achieved. The results of large randomized trial known as 
the National Lung Screening Trial (NLST) were published 
in 2011 showing 20% reduction of lung cancer mortality 
in the LDCT group when compared with classic Chest 
X-ray or no intervention (29). The debate on the system of 
qualification to screening program, proper algorithms of 
care, cost-effectiveness, psychological aspects of lung tumor 
recognition is ongoing. In recently launched programs one 
of the criteria is more than 30 pack years smoking history (in 
majority) (30). It may be discriminating for women, among 
whom heavy smokers are less numerous than among men. 
Moreover, lung cancer is a frequent cause of death in never 
smokers, who are out of screening programs and among 
whom women are in majority. Interestingly, in NLST the 
number of women was 10,952 vs. 15,770 of men (29). In the 
other screening programs a proportion of women was lower: 
mean 60% for men to 30% for women. In the results of the 
NELSON study the data concerning sex were available (31).  
In this study inclusion criteria were as follow: subjects aged 
50 to 75 years, smokers with history of more than 15 pack 
years or ex-smokers from less than 10 years ago. There 
were 16.5% of women in the study group, 17% of women 
in the group with lung cancers identified by LDCT. The 
group of women in this study was younger, with shorter 
history of smoking and the female patients were classified 
to significantly lower lung cancer stages than male. All of 
these results provide the evidence of the rationale for the 
modification of screening programs which would include 
women with short smoking history or even the never 
smoking ones with documented exposure to ETS (16). 

There is a prevalence of ADC in women. This type 
of lung cancer presents different forms with different 
degree of aggressiveness. The early forms of ADC could 
be detected as ground glass opacities (GGO) by high-
resolution computed tomography (HRCT). The presence 
of solid part in GGO indicates malignant component and 
influences on classification and prognosis. The following 
forms of GGO with solid part are presented in 8th lung 
cancer classification: cT1mi (minimal invasive ADC) 
with solid part 0<5 mm; cT1a with solid part 6–10 mm; 
cT1b with solid part 11–20 mm; and cT1c with solid part 
21–30 mm (3). Detection of these early forms of cancer is 
extremely important giving a chance for radical treatment. 
This may concern in majority women without smoking 
history. The course of these forms of lung cancer are mainly 
asymptomatic with incidental recognition. Unfortunately, 
this early ADC in nonsmoking women is out of screening 
range.
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Lung cancer and never smoking women

Lung cancer in never-smokers is estimated at 10–15% of all 
cases and is ranked 7th among all causes of cancer deaths (32).  
NSCLC among never-smokers is diagnosed in about 53% 
of women and only 15% of men. Incidence rate of lung 
cancer among never smokers (per 100,000 person-years) 
ranged from 14.4 to 20.8 in women and 4.8 to 13.7 in men 
and ADC is the most commonly diagnosed histological 
type (33). In Japanese population 75% of female patients 
with lung cancer are non-smokers (34). Thus, lung cancer 
in never smokers is a real problem among women. As it was 
presented in the meta-analysis by O’Keeffe et al., among 
500,000 subjects the incidence of lung cancer was 30% 
higher in never smoking women than men in the US, while 
in an Australian cohort the proportion of patients with lung 
cancer was 18% for women and 3% for men (25). Other 
risk factors apart from smoking are numerous, difficult to 
assess and are not included in screening programs (30,32). 
These are radon, indoor fumes from cooking and heating 
stoves. Lung cancer risk connected with combustion of fuel 
emission was pointed and found to have high prevalence 
in women. Many analyses from developing countries 
confirmed increased risk for lung cancer in women 
exposed to biomass fuel and cooking. The combustion 
products contain probable carcinogens (as dibenz/a,h/
anthracene, cyclopenta/cd/pyrene and 1,3-butadiene) (35). 
It is estimated that the lung cancer deaths were connected 
with PM 2.5 in 10% of men and 18% in women in China. 
Air pollution is responsible for the significant increase of 
ADC incidence in China (36). The importance of coal use 
was emphasized and the association persisted regardless of 
smoking (37). Recently the additional risk factors for lung 
cancer e.g., chronic obstructive pulmonary disease (COPD) 
and fibrotic lung disorders have been identified (38).  
COPD is not an uniform disease and the emphysema 
phenotype is much more associated with lung cancer than 
the bronchitis pattern (39). A risk of lung cancer in COPD 
patients is reported to be 2- to 6-fold higher regardless 
of smoking and in many observational studies COPD 
occurred in about 50% of lung cancer patients. The study 
of 2,222 patients from China showed 32.6% prevalence 
of COPD in newly diagnosed lung cancer cases. There 
were 552 (24.8%) women in this study group, and in 88 
women (12.2%) COPD was diagnosed (40). Women seem 
to be more susceptible to COPD than men although 
different risk factors to develop this disease in both sexes 
are known. Women suffering from COPD are younger, 

with shorter smoking history than men and are likely to 
have a phenotype with bronchitis rather than emphysema. 
The decline in the results of pulmonary function tests in 
post-menopausal women regardless of age related changes 
was observed (41). The quality of life was lower in women 
suffering from COPD than in men and less successful long 
term smoking cessation among women was reported (42). 

Interstitial lung diseases with most sever e.g. idiopathic 
pulmonary fibrosis are recognized more frequently among 
men with an increased risk of SQCC (38;43). This clinical 
problem in women needs further investigations.

Intrinsic-individual predisposition

The female susceptibility to carcinogenic effect of tobacco 
smoke being a subject of different opinion might be 
explained by genetic predisposition. The clearance of 
nicotine was found to be higher in women than in men 
independently of hormonal status (44). The expression 
of CYP1A1 gene involved in metabolism of polycystic 
hydrocarbons from tobacco smoke was found to be elevated 
in women. The glutathione S transferase M1 enzyme 
mutation, leading to a high probability of lung cancer 
development in female smokers was also observed (45). In 
general, the most frequently mutated gene in all types of 
lung cancer is tumor protein 53 (TP53). A higher incidence 
of TP53 mutations in women than in men in the group of 
smokers was observed whereas in non-smokers the results 
were opposite (46). The lower capacity of DNA repair 
is observed in women: both smokers and non-smokers, 
which shows that this genetic alteration plays smoking-
independent role in lung cancer (2,47). Gastrin releasing 
peptide (GRP) is involved in carcinogenesis. The gene 
for GRP receptor is linked with X chromosome and is 
expressed in the airway cells of nonsmoking women but 
not in men (34). ADC is most the frequently recognized 
histological type of NSCLC in both sexes with significant 
predominance in women. The reported proportion 
varies from 40% to 60%. ADC is not a uniform type of 
cancer with recognizable early lesions (such as atypical 
adenomatous hyperplasia) visible in GGO on CT up to 
very aggressive undifferentiated mucinous forms (2,48). In 
ADC many driver mutations were identified, as follows: 
EGFR (10−30%), FGFR1 (20%), KRAS (15−30%), PIK3CA 
(2−5%), ERBB2 (HER2) (2−5%), BRAF (1−3%), ALK 
(3%), ROS1 (1%) (49). The high rate of these mutations 
was found in never smokers and in women, and the higher 
rate was noted in Asia and South America. This group of 
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patients have benefit from targeted therapy which refers to 
monoclonal antibodies or small molecules TKIs. Data from 
Asia sheds light on genetics of female lung cancer, which 
shows certain differences when compared to Caucasian 
patients. These are: a longer survival, higher response rates 
to chemotherapy and targeted therapy in Asian patients (50).  
More than 30% of patients with lung cancer in Asia never 
had a smoking status and more than 50% of lung cancers 
occur in women who were never-smokers (51). Meta-
analyses (52) which were conducted to characterize the 
patterns of mutations in NSCLC and comparing them 
between Western and Asian population demonstrate the 
difference between the incidence of mutation in connection 
with ethnic background. EGFR mutation occurred in 
Asian population in 47.9% of ADC cases while in Western 
population in 19.2%. Frequency of EGFR mutations in 
lung cancer is the highest in Vietnam (64.2%), Taiwan 
(62.1%) and Thailand (53.8%). Also, in the Philippines 
or China it is observed in more than 50% of patients. It 
is known that EGFR mutation occurs independently of 
smoking (53). Driver mutations were detected in 79% of 
female never-smoker Asian patients with lung ADC and 
the most frequent was EGFR mutation (63%) (54), whereas 
KRAS and LKB1 mutations are more frequent in Western 
population. Soh et al. reported that mutations or copy 
number gains (CNGs) of the EGFR and KRAS genes differ 
between Asian and non-Asian patients with lung ADC (55). 
EGFR CNGs (gEGFR) occurred more frequently than 
EGFR mutations (mEGFR) (46% vs. 38% in Asians; 21% 
vs. 10% in non-Asians), whereas KRAS mutations (mKRAS) 
were more frequent than KRAS CNGs (gKRAS) (13% 
vs. 7% and 35% vs. 4%, respectively). The never smoking 
status was associated with mEGFR and gEGFR, in contrast 
to mKRAS occurred significantly more frequently among 
patients with smoking history (55). As evidenced by the 
study in which never-smoking women of East Asian origin 
with ADC were enrolled, patients with EGFR amplification 
had a significantly worse outcome in univariate analysis (56). 
On the other hand in a retrospective population-based study 
of NSCLC cases between 1991 to 2005. Asian ethnicity was 
evidenced as an independent favorable prognostic factor for 
overall survival in NSCLC regardless of smoking status (57).

Hormonal status

Looking for the reason for the specificity of lung cancer 
biology and clinics in women, the conception of sex 
dimorphism is taken into consideration. Estrogens are 

postulated as an important agent in cancer development 
and progression. At the background—two types of 
estrogen receptors: ERα and ERβ in the lung epithelium 
are identified. However, the expression of ERβ is twice 
more higher than ERα (58) (Figure 3). Their role is to form 
complete alveolar units in females and males (59). As it was 
shown in the studies on mice, ERα is responsible for proper 
differentiation of the lung and provides correct numbers of 
alveoli per surface, whereas ERβ controls the development 
of extracellular matrix and provide elasticity (60,61). The 
expression of ERβ is elevated in lung cancer (62) and it 
is noticed more often in premenopausal women than in 
postmenopausal women and in men (63). 17-β-estradiol (E2) 
which is the most potent form of estrogen was analyzed 
in the studies as a possible agent in carcinogenesis. The 
results show that high concentration of 17-β-estradiol 
can have an important impact on the development of 
lung cancer (64). For example, in premenopausal women 
higher concentration of estrogen is associated with worse 
survival, just as in men with advanced NSCLC—higher 
concentration of 17-β-estradiol is related to worse survival 
than in those men with lower. Estrogens may influence 
metabolism of carcinogens in tobacco smoke, e.g., by 
induction of CYP1A1 gene (34).

Aromatase (ARO) plays a crucial role in estrogen 
synthesis. High expression, in even up to 86% of NSCLC 
tissue in both sexes was found (65,66). The higher ARO 
expression in metastases than in primary tumors was found 
suggesting that this enzyme is locally synthetized, which can 
lead to tumor progression (67). Thus, ARO seems to play 
an important role in carcinogenesis in lung cancer through 
the local production of 17-β-estradiol and by conversion of 
androgens to estrogen also in men (34,68). The data which 
are capable of confirm that postmenopausal women are at 
higher risk than premenopausal are limited (69). In one 
study postmenopausal status with elevated ARO and ERβ 
expression was predictor to shorted survival (70).

The group of Kucia et al. reported the presence of 
functional receptors for pituitary sex hormones in lung 
cancer cell lines (71). They conducted the study to show 
that pituitary sex hormones are involved in pro-metastatic 
potency in lung cancer. 

There are some reports on the relationship between 
estrogens and EGFR  mutations. It was shown that 
17-β-estradiol activates EGFR pathways in NSCLC and 
the relationship between EGFR and ARO were found. In 
the study of Deng et al. a high expression of ERβ correlated 
with EGFR  mutations and the opposite prognostic 
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significance was found-positive for EGFR while negative 
for ERβ expression (72). The use of ARO inhibitors could 
improve response to TKIs in advanced NSCLC supporting 
the role of estrogens in EGFR pathways (65,66). Recently 
an impact of estrogens on the modulation of cancer 
environment has been evaluated. There is some evidence 
that E2 signaling contributes to pro-tumor immunity and 
may have an impact on immunotherapy (73). 

All of these results beg the question if hormone 
replacement therapy (HRT) can contribute to lung cancer 
development. The answer is still not clear. Some studies 
have shown an increased risk (even up to 50% for 10 years 
of use) (74) and higher mortality among women receiving 
HRT whereas others have not confirmed that association 
(75,76). The answer to HRT is individual; the prolonged 
estrogen- progestin usage could contribute to cancer 
development with genetic predisposition and premalignant 
epithelial damage (77). Recently some clinical trials with the 
agents targeted estrogen pathways are conducted. These 
are: ARO inhibitors, the reversible nonsteroidal agents, ER 
modulators or degraders (77,78).

Clinical course and treatment

There is growing body of evidence that the outcome in 
thoracic malignancy in women is better than in men (79,80). 
Over the years the differences between men and women 
in the survival rate for many cancers were observed. Up to 
37% higher risk of death from cancer in men versus women 
was reported (80). Some explanation may be simple as in 
the elderly men suffer from many chronic diseases and 
these comorbidities significantly worse lung cancer course 
(COPD, heart failure, atherosclerosis, diabetes). All of the 
above are at least related to smoking and tobacco smoking 
is an unfavorable prognostic factor in malignant disease 
and women are saved in this aspect. The large study by 
Wainer et al. was performed to compare sex differences 
in the context of TNM staging (80). In their study two 
data set were compared: Australian surgical base (555 
patients) and American-SEER registry of patients who 
had underwent resection (47,706 patients). The aim of the 
study was to assess the effect of sex on survival in each stage 
accordingly to the new 8th classification. A prevalence of 

Figure 3 Estrogens in lung adenocarcinoma (ADC). The source of estrogens in lung environment is from circulation (B) or they are 
produced locally (A). The elevated level of E2 (17-β-estradiol) and overexpression of receptors to E2-ERα as well as aromatase (ARO) 
enzyme are involved in carcinogenesis in terminal airways and in tumor progression. There is association of thyroid transcription factor-1 
(TTF-1) positivity with estrogen axis.  
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never smokers among women was noted, but there were 
only in 27.7%; 72.3% were ever smokers. The ADC was 
significantly higher in women than in men and it was more 
than 65%. The output proportion of women and men in 
each NSCLC stage was comparable. However, the 5-year 
survival for women was significantly higher than for men 
(in the Australian cohort 68.9% vs. 53.9%, in SEER 65.6% 
vs. 55.2% respectively). This difference remains unchanged 
after multivariate analysis including age, smoking history, 
ECOG PS, histology. These observations lead to the 
conclusion that “incorporating of sex…would allow for more 
accurate prognostication and heterogeneity currently seen in 
TNM staging”. 

The response to the newest therapies among female is 
of interest. As benefits of TKIs in women is well known, 
the results of immunotherapy with ICIs in women are 
the subject of research. Our studies we did not find any 
significant influence of sex on immune status of lung 
cancer patients (81-83). In the recently published meta-
analysis of 23 randomized clinical trials no differences in 
response to ICIs between sexes were found (84). In the 
first study showing superiority of nivolumab vs. docetaxel 
the proportion of women was very low, which was not 
surprising because the study groups included only patients 
with SQCC (85). In the Keynote trial with pembrolizumab 
all lung cancer types were incorporated and proportion of 
males to females was comparable. The greater benefit of the 
treatment was found for men. In the study with durvalumab 

the proportion of women was 30% and the results of 
treatment were similar in both sexes (86). In the OAK 
study conducted with atezolizumab proportion of women 
was 39%. The results showed that the overall survival in 
the group treated with ICI was longer in women when 
compared to docetaxel and when compared with men (16.2 
vs. 11.2 vs. 12.6 months respectively) (87). In the meta-
analysis presented by Pinto et al. no clear benefit for women 
of nivolumab nor pembrolizumab when compared with 
chemotherapy was found (88). It may be expected that the 
influence of sex on ICIs effectiveness will be observed and 
better elucidated due to the common use of this treatment 
in practice. 

Conclusions

The data presented in this review show that the attention 
should be focused on the dissimilarity of lung cancer in 
women. Figure 4 presents the main aspects of lung cancer in 
women, importance of some risk factors and the main topics 
for research. There is evidence showing different tendency 
in the lung cancer rate in both sexes showing slow decrease 
or even a lack of decrease of the incidence in women. 
The different risk factors in women should lead to certain 
modification in screening programs. More effort should 
be put into the treatment of nicotine addiction in young 
women. The exploration of other than cigarette smoke 
environmental risk factors could bring health-related legal 

Figure 4 Lung cancer in women: what we know and what should we get to know. COPD, chronic obstructive pulmonary disease; E, 
estrogens; ETS, environmental tobacco smoke; ICIs, immune checkpoint inhibitors; TKIs, tyrosine kinase inhibitors; TMB, tumor 
mutational burden.
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regulations. Finally, the prevalence of ADC as ‘female’ lung 
cancer requires wide area of exploration in the aspect of 
genetics, female hormone pathways and modification of the 
tumor environment. There is a growing body of evidence 
as to how much effort must be put into the reduction of the 
spread of lung cancer in women. 
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