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Abstract

Lung cancer remains the leading cause of cancer-related mortality worldwide, with unique epidemiological and molecular patterns
observed in women. Smoking is the primary risk factor for lung cancer. However, a significant number of cases in female never-smokers
suggest other contributors, including reproductive and hormonal factors. This systematic review synthesizes evidence on the associa-
tion between pregnancy, reproductive hormones, and lung cancer risk, with a focus on pregnancy-associated lung cancer (PALC). Key
findings include the protective role of higher parity, later menopause, and prolonged reproductive periods, attributed to hormonal stabi-
lization and immune modulation. PALC, though rare, presents distinct challenges due to diagnostic delays and the need for pregnancy-
specific treatment strategies. Molecular profiling highlights a high prevalence of actionable mutations, such as anaplastic lymphoma
kinase (ALK) rearrangements and epidermal growth factor receptor (EGFR) mutations, offering potential targets for therapy. However,
the analysis also underscores significant gaps in knowledge. Confounding factors, particularly smoking, and heterogeneity in study
designs limit causal inferences. Future research should prioritize large-scale cohort studies and mechanistic investigations to elucidate
hormonal and genetic interactions. Clinically, integrating reproductive history into lung cancer risk models could enhance early detec-
tion and personalized management strategies, particularly in high-risk subgroups. This review contributes to the growing understand-
ing of hormonal influences on lung cancer, emphasizing their potential as biomarkers and therapeutic targets.
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Introduction

Lung cancer remains the leading cause of cancer-related
mortality worldwide, accounting for significant morbidity
and mortality among men and women alike.['?] Although
smoking remains the primary risk factor, a considerable
proportion of lung cancer cases occur in women who have

never smoked, suggesting the presence of alternative con-
tributing factors.®! The differential incidence of lung can-
cer between sexes, the predominance of adenocarcinoma
in women, and emerging evidence of estrogen receptor
expression in lung tissue raise the question of a hormon-
al influence in lung carcinogenesis.*! Reproductive and
hormonal factors, such as pregnancy history, parity, age
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at menarche and menopause, and exposure to exogenous
hormones, may play a role in modifying the risk of lung
cancer, particularly in women. !

Pregnancy-associated lung cancer (PALC) is defined as
lung cancer diagnosed during pregnancy or within one year
postpartum. It presents distinct clinical and epidemiologi-
cal challenges. This systematic review highlights the intri-
cate relationship between reproductive hormones and lung
cancer susceptibility, underscoring estrogen’s multifaceted
role in modulating risk.[%! Although rare, PALC is associ-
ated with increasing maternal age at pregnancy and rising
smoking prevalence among women of reproductive age. It
poses complex diagnostic and treatment dilemmas due to
overlapping symptoms with pregnancy and concerns about
fetal safety during anticancer interventions.”) Recent stud-
ies highlight the molecular characteristics of PALC, such
as the high prevalence of driver mutations like anaplastic
lymphoma kinase (ALK) rearrangements and epidermal
growth factor receptor (EGFR) mutations, which may in-
fluence treatment strategies and prognosis.(8-1°)

In addition to PALC, the role of reproductive factors
in lung cancer risk has been extensively investigated.!!!
Parity has emerged as a potential protective factor, with
higher parity associated with reduced lung cancer risk in
several studies. Similarly, later age at menopause and a
longer reproductive period have been linked to lower risk,
particularly among lifetime nonsmokers.!"!! Conversely,
conditions such as pre-eclampsia, a pregnancy-related
hypertensive disorder, have shown inconsistent associa-
tions with lung cancer risk, with some studies reporting
an elevated incidence of lung and other cancers in affected
women.[?!

Despite these findings, the relationship between pregnan-
cy, reproductive hormones, and lung cancer risk remains
poorly understood. The heterogeneity of study designs,
limited sample sizes, and confounding factors, particularly
smoking, contribute to the inconsistent results in literature.
A systematic synthesis of available evidence is necessary
to clarify these associations, identify potential biological
mechanisms, and inform future research directions.

This systematic review aims to investigate the clinical
features, molecular characteristics, and outcomes of PALC,
with a focus on the association between reproductive and
hormonal factors and lung cancer risk in women. It also
examines the impact of pregnancy complications, such as
pre-eclampsia, on lung cancer incidence. By consolidating
current evidence, this review seeks to provide a compre-
hensive understanding of the interplay between pregnan-
cy, reproductive hormones, and lung cancer, highlighting
potential risk modifiers and clinical considerations for this
unique population.

Materials and methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines to ensure method-
ological rigor and transparency.!'3 This systematic review
has been registered in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO) with ID number
CRD42024629181.

Search strategy

The following electronic databases were searched: PubMed/
MEDLINE, EMBASE, Scopus, Cochrane Library, and Web
of Science.

The search included keywords and Medical Subject
Headings (MeSH) terms related to lung cancer, pregnan-
cy, reproductive factors, and reproductive hormones. Ex-
ample terms included “lung cancer,” “non-small cell lung
carcinoma,” “pregnancy-associated cancer,” “reproductive
factors,” “parity; “menopause,” “reproductive hormones,”
and “pre-eclampsia” Boolean operators (AND, OR) were
used to combine terms effectively. In addition, grey litera-
ture sources and the reference lists of relevant studies were

reviewed to identify additional articles.

Inclusion and exclusion criteria

The inclusion and exclusion criteria for this review are as
follows:

Inclusion criteria: a) Women diagnosed with lung can-
cer, with a specific focus on PALC; b) Studies assessing re-
productive history (e.g., parity, age at menarche, menopause,
and first/last birth); ¢) Studies evaluating pregnancy compli-
cations (e.g., pre-eclampsia) as potential risk factors; d) Ob-
servational study designs (cohort, case-control, cross-sec-
tional) and clinical studies; e) Studies published in English
between 2004 and 2024; and f) Studies providing sufficient
detail on confounders, particularly smoking history.

Exclusion criteria: a) Studies that do not provide specif-
ic data on reproductive history and lung cancer outcomes;
b) Studies lacking detailed reporting on smoking status or
failing to adjust for smoking as a confounder; ¢) Studies
including mixed-gender populations without sex-stratified
analysis; d) Case reports and reviews without primary data.

Handling of confounding variables

To enhance the study’s reproducibility and validity, the
handling of confounding variables was a priority in study
selection: a) Smoking history: Since smoking is a prima-
ry confounder in lung cancer risk, included studies were
required to either stratify results by smoking status (never
smokers vs. ever smokers) or adjust for smoking in multi-
variable analyses; b) Comorbidities: Studies were assessed
for adjustments related to other lung cancer risk factors
such as chronic obstructive pulmonary disease (COPD),
occupational exposures, and family history of cancer; c)
Hormonal therapy: Given the potential influence of hor-
mone replacement therapy (HRT) on lung cancer risk,
studies reporting on HRT use were included only if they
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provided stratified analyses or adjustments in their models,
and d) Socioeconomic and environmental factors: Stud-
ies controlling for air pollution, diet, and socioeconomic
status were given preference in quality assessment.

PRISMA process

The flowchart of study selection process is provided in
Fig. 1.

Identification

The initial search across databases, grey literature, and ref-
erences of retrieved studies yielded n=2,650 articles. After
removing duplicates, 2,500 articles entered the screening
process.

Screening

The titles and abstracts of the 2,500 articles were reviewed
to exclude irrelevant studies. Articles were retained if they
mentioned lung cancer risk in women concerning repro-
ductive or hormonal factors or focused on PALC. Follow-
ing this step, the number of studies was reduced to n=250.

Pregnancy, Reproductive Hormones, and Lung Cancer
Eligibility

The full text of 250 studies was assessed against predefined
inclusion criteria. Eligible studies included those focused
on women with lung cancer or PALC, examining expo-
sures such as reproductive factors (e.g., parity, menopause,
pre-eclampsia), and reporting outcomes related to lung
cancer incidence, clinical characteristics, or survival. Stud-
ies were excluded if they lacked outcome data, focused on
irrelevant populations, or did not meet the inclusion crite-
ria (n=242).

Inclusion

A final selection of n=8 studies was made based on their
relevance and alignment with the review objectives. These
studies included investigations on the association of pari-
ty, menopause, and pre-eclampsia with lung cancer risk, as
well as analyses of PALC and its treatment outcomes.

Quality assessment

The quality of included studies was assessed by two in-
dependent reviewers using the Newcastle-Ottawa Scale

( Identification of studies via databases )

Records removed before
screening:

Studies included in
review (n =8)

Figure 1. Flowchart of the study selection process.
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(NOS) for observational studies.['*] Risk of bias was evalu-
ated based on study design, sample selection, comparability
of groups, and outcome measurement. Studies were catego-
rized as low, moderate, or high quality. The quality assess-
ment of the included studies is provided in the Appendix
with supplementary data.

Data extraction

Data was extracted independently by two reviewers using
a standardized data extraction form. The following infor-
mation was collected: authors, year of publication, country,
type of study, sample size, study population, exposure or
variables assessed, outcomes, and key findings.

Results

A total of 8 studies were included in this systematic review,
evaluating the association between reproductive and hor-
monal factors and lung cancer risk in women.[>815-20]

The summary of the studies’ characteristics is displayed
in Table 1.

Later menopause is associated with
decreased lung cancer risk

Later menopause (=51 years) significantly reduces lung
cancer risk [hazard ratio (HR) 0.49-0.63], indicating a
protective role of prolonged exposure to endogenous estro-
gens. This finding is supported by Weiss et al.'>) and Pesa-
tori et al.’), highlighting the sustained effects of hormonal
stability in mitigating lung carcinogenesis.

Surgical menopause increases lung
cancer risk

An increased lung cancer risk (HR 1.62-1.92) is observed in
women undergoing surgical menopause, particularly those
with bilateral oophorectomy. This underscores the detrimen-
tal impact of abrupt hormonal changes on carcinogenic pro-
cesses, as shown by Koushik et al.'”) and Yang et al.[2%]

Hormone replacement therapy (HRT)
decreases lung cancer risk

HRT demonstrates a protective association, reducing lung
cancer risk by approximately 37% (odds ratio (OR)=0.63;
95% CI [0.42, 0.95]). This is likely due to the role of HRT in
stabilizing hormonal levels, as detailed by Pesatori et al.l’)
and Meinhold et al.l8]

Higher parity significantly reduces lung
cancer risk

Higher parity (=5 live births) correlates with a 50% reduc-
tion in lung cancer risk (OR=0.50; 95% CI [0.32, 0.78]).

This protective effect is attributed to pregnancy-induced
hormonal and immune modifications.!>8!

A longer reproductive period is linked to
decreased lung cancer risk

Women with a longer reproductive period (>36 years)
show a reduced lung cancer risk (HR 0.60; 95% CI [0.39,
0.93]). Prolonged estrogen exposure appears central to this
protective effect.[1617]

Later first live birth decreases lung
cancer risk

Later first live births (=31 years) are inversely associated
with lung cancer risk (OR=0.57; 95% CI [0.31, 1.06]). This
finding highlights the protective timing of hormonal and
cellular adaptations during pregnancy, as documented by
Pesatori et al.l®!

Pregnancy-associated lung cancer
(PALC) is linked to a high prevalence of
actionable driver mutations

Adenocarcinoma is the predominant histologic subtype in
lung cancers associated with reproductive factors. Parity
and longer reproductive periods show amplified protective
effects in this subtype.[118]

PALC exhibits high rates of actionable driver muta-
tions, such as ALK rearrangements (47%) and EGFR mu-
tations (32% ). These mutations significantly influence
therapeutic responses, as reported by Dagogo-Jack et al.l®!
and Yang et al.'")

Clinical features of pregnancy-
associated lung cancer

Lung cancer diagnosed during pregnancy or the peripar-
tum period is often present at advanced stages, particularly
adenocarcinoma. Overlapping symptoms with pregnan-
cy-related conditions delay diagnoses, as noted by some re-
searchers.[%) Chemotherapy during pregnancy frequently
results in fetal complications, including preterm delivery
and low birth weight.[!"]

Modifying factors and confounders

Hormonal factors independently influence lung cancer
risk, even after accounting for environmental and occupa-
tional exposures.[>1 Protective effects of parity and hor-
monal factors are robust across smoking statuses, empha-
sizing their biological significance.[!%18]

Subgroup analyses

To address potential heterogeneity in the included studies,
subgroup analyses were performed based on key demo-

Folia Medica | 2025 | Vol. 67 | No. 5



eJIpaN eljod

[eAraIns 2a1j-uorssarSord 1, RAIAINS [[BI2A0 SO ‘OIIRI SPPO YO
<190UEd Juny [0 [ews-uou :DHTOSN ‘onjel prezey YH ‘Aderoy) juswaoseldar suowrioy ;1 H ‘103dooar 10)0ej Yimois ewrropido R, IDHY JeAINIUL dUIPYUO0D ([ oseuny ewoydw4] onserdeue Ty

Pregnancy, Reproductive Hormones, and Lung Cancer

"([86°0 “18°0] ID %S6 68°0=H) BWOUIIEd0UIPE SUN] JO YSLI JOMO] B YILM PJRIOOSSE SEM SYIUOW 7]< 10 Surpasjiseaiq

$1035®] 2AIOIIP

euwourmIed>ouspe

pue 1ooued Suny s1eak y/-0F
searoym ([8€°T ‘60°'T] ID %S6 ‘€T T=gH) Ys1I 1ooued Suny pasearour Apueoyrudis asnedouawr [eo18mg "([F¢°1 ‘T0°T] [D  -0idar uo paseq 0 NSLI SI01oE 33e SoTeU J1040o paseq  (BUTYD TZ0T)
%S6 “TT T=¥H :STeak (¢<) YMIq JAI] 381 133e] pue ([8€°T T0'T] ID %S6 QT T=¥H :sTeaf ¢c<) asnedousur 1oje] sem se  19oued Suny 10§ 3 MN .um o.wamw P ! . ) -uonemdod (o8 30 Surx
(LT L0 T] ID %S6 ‘1T T=¥H) J2oued Suny Jo YSLI paSeaIoul Ue [JIM PIJRID0SSE SeM (SIedL GT<) aypreuaur je a8e 193] SOTJel pIezef] Honp vevess
puUe [ennSUSA
2I19M suonerosse oN ‘(50°0=d) ¢ 9 ‘TO° 9 ‘6= mﬁ.\m“ummﬂwuowwwﬂ%umwwwﬂ WHMMMMMHm Mwuﬂuwwﬂzm $1012¢) 2ARNP st eoues 0JJU0d
e N “(50°0=9) ([95°9 T0'T] IO %S6 ‘8S°T=4O) ! 1p ! PROMPULAUM 41 1o paseq  Sun] pue s1030e) SO0 [on (411 €102)
“(€0'0=d) ([S6'0 TF'0] ID %S6 ‘€9°0=40) 2A102101d ose sem asn (IYH) Aderayy Jjuotwaoe[dar suowLIo *(100=pua1} . -osed paseq |
i g ] - J . i I00ued JUN[I0]  [PUOWLIOY PUB  §6F ‘SISED 0% (5] T8 32 1103eSad
-d) ([6£°0 ‘ST°0] ID %S6 FH0=4O 1824 [$<) porad aanonpoidar 123uof e sem se (€00 0=pua1l-d) ([6£°0 ‘T1€0] IO soneisppo  sanonpoiday -uonendoq
%56 ‘67" 0=¥ ) Iooued Juny jo YsuI paonpar APuedyrusdis e YIIm pajerdosse sem (sieak [6<) asnedousw je ofe 1o3e] He1 Spp Honp
“Koueugard
SOW00)NO
Surmp pasouSerp HTHSN 10§ SAJBUWITISI SO URIPIW [BILIOISTY SUIPIIXD SIUOW §'F PU0Laq paataIns sjuaned [[e pue eALAINS tIEST DUE DTOSN
‘sypuour (¢ Jo dn-Mmo[[0J URIPIW © Je PAYOLAI JOU SeM (SO) [BAIAINS [[BIAO URIPIW YT, S3SD JURINW-Y IO I0] SHIIM [eAl juouneen p wnyredrrod stsA[eue (vsn
] saxy-uorssardord  ‘sarnyeay renoa| 9107) (T8 32
87 01 8T PUE (SaM 9T :S.Jd UBIPIW) sased dAISOd-Y'TY I0J s)2am (09 0} G wory Jurduer (S.J) [BAIAINS 221J-UOISSIIF /houeugard  sanpadsonay

-o1d yym A1aa1op-150d sarderary payoartp-adLjousd paatedar syuaned [Ty (£50°0=d) suonenw YIHT Py om) A[Ygm
‘syuawaguerrear YTy pey porrad wnyredirad oy 10 AoueuSard Surmp HDTOSN yIm pasouerp uswom JySio 9y} Jo XI§

pUE [EAIAING

-OW ‘SOMSLIa)0e
-Teyd [ed1uIr[n

UHM UoWIoM §

yoe(-oSo3eq

‘syuarjed pajean) Juowre pasearour Apuedyrusis jJou a1om suonedrdurod
8197 pue “(F£°0=4d) “([S8'T ‘€9°0] ID %S6 ‘80 T=¥H) A12aT[2p-150d pajean; asory pue Loueudard Surmp pajean sjuarjed
UJ9M)IQ PIAIISO SeM [BATAINS [[EIIAO UT 2OUIdPIP Juedyrudis ou TaAdmoH “($0°0=4d) ([86°0 ‘££0] ID %S6 ‘T9°0=¥H

suoned
-1idwoo eyay pue

[eArAIns
‘S9InjedJ IeTNd9|

OTOSN
pajerdosse-£o

stsATeue pajood

(euryd “1207)

-ueudoxd yym  aanpdadsonay PRNLEE Gueg
SYIUOW ['HF SO UBIPIUT) SIWO0INO PaA0IdWI [IIM Pajerdosse os[e sem DTDHSN eI 107 pue (z0'0=d) ‘([68'0 [BAIAINS [[BIOAQ -OW PUE [EITUI[D) suoned ol
1€°0] ID %S6 “TS'0=YH ‘SYIUOW 'S :SO UBIPaW) [eAIAINS 1o1aq APuwesyrudts pey HTISN 2ANISOd-Ty YIm sjustieq e LL
S[OI}U0D
“Aderayy suourroy esnedousawr 10 Osn aanidederuod [eio TootEs uduwIom uonjendod (paseq
‘snyeys [esnedouowr QUDIRUIW Je 256 (LM PUNOJ 2IOM SUOIIBIDOSSE OU IAIMOH “(F0'0=puai-d) ‘([86°0 ‘8%°0] ID %S6 Quny 1195 Trews ursiope)  GeT ‘S[0U0d -uonendod ¢ A<w.w
‘89°0=Y Q) YSLI 10ued JUN| YIIM UOTJBIDOSSE ISIIAUT YeIM B PIMOYS (1824 0¢T) YiIq Ise] Je aSe 1a3e] pue (700 0=puo1} hoﬁ o: o [euouLIOY pUR rendsoy91¢  pue [eydsoy) MSMV WM [
-d) «(I8£°0 T€'0] 1D %56 ‘05°0=40) DTISN JO st paonpar ANUedyrugis e (Im Pajerdosse sem (syiiiq <) Lired 1oysiy o aapnporday  OTOSN YIM  [0X)U0D-8ED) 12 PO
USWOM (¢F
i TOTT 8601 ID %56 Koueugoxd uatoM U1 101 S[01U0d [o13U02 (epeen)
‘s1e24 1< 1B 9snedouaur 10§ 99 0=y ) JuedYIuSIs A[[ed1)sIIe)S J0U SEM PUAI) Y} YSNOYI[e YSLI 1oued Jun| [Iim pajeros  pue asnedousur o1 sanonpordan LG T90URD a5Es pase . e
-se A[os1oaur sem asnedouaur je ofe A[feuonIppy “12oued uny Jo YSLI PaseaIdul Ue [IIM pajerdosse sem (70'0=d) ‘([¢8'C 03 paje[oI 190ued S onionp Sunpyim paseq 6002) [T
e < (TTAec e e pue [euouLIO -uonendog 19 IYsnoy
I1°T] 1D %S6 “£L T=40) Lwoiaroydoo [erayeiq Azemonted ([10°¢ 22'1] IO %56 ‘76’ 1=40) 2snedousw [ernjeu-uoN Buny jo ysry USWOM TTF
s1ayows
‘uawom Sunjowsuou w1 Suowe 12oued FUny JO YSLI PAONPAI B YIIM pajerdosse a1am (10°0=d) ‘([98°0 UWIOM UI $I0) UIWOM
. . . . . . . -uou Suoure JI04od  (euryD ‘g007)
T70] ID %S6 65°0=4H) 251 22149p duapnenut pue (10:0>d) “([06'0 ‘61°0] 1D %S6 ‘" 0=4H) Anred 12y81y (10°0>d) sooues Guny % 2AnPmpoadar - Bupjowsuou g0 e ssam
([£6°0 6£°0] ID %S6 ‘09°0=H) porad aanonpoxdar 1a8uof (£0°0=4d) “([00°T ‘0%"0] IO %S6 ‘€9’ 0=4H) 2snedouaur ro1e] josouoproyy  PUT [PUOWHOH  Sundj| PIETL ’ o1l ’
(Apmys
"(820°0=4d) “([SO°Z “TT'T] ID %S6 ‘18'T=4H) SIo0ued XukIe| SI9OURD  IOUSPIOUT JOOULD
(oened) (<R T e o ronred) (oo Tar e - [eeutiod (eI 7007)
/Bunppue (9%0°0=d) ([68°T 0'T] 1D %S6 ‘8¢ T=4H) Ise21q (£70°0=d) “([¥€°S ‘10'T] ID %S6 ‘TE'T=4H) A18A0 (£10°0=d) oywads-ays pue  pue eisdurepa woesnaaf)  APMSHOUOD oo onred
“([F8L €TT) ID %S6 01°¢=gH) yorwos Aremnonied Tooued jo ysur pasearour ue pey ersdwea-aid yym uswopy [erorojoysry  -a1d jo L103STH :oEozw ceo'Le (st 1839 PRI
(Anunod
paansedwx ‘aonednqnd jo
sgurpuy A3y sawoNnQ SeM JeYA Jidweg Apnjys Jo adLy, aeaKk) sioyny

SAIpPNIS Papn[oUI 3y} Jo Arewruung ‘L a|qpL

Folia Medica | 2025 | Vol. 67 | No. 5



Folia Medica

E. Sotiropoulou et al.

graphic, clinical, and methodological factors. These anal-
yses provided insights into variations in lung cancer risk
associated with reproductive and hormonal factors across
different population subsets.

Smoking status (never smokers vs. ever
smokers)

Several studies stratified their results by smoking status to
assess whether reproductive factors independently influ-
enced lung cancer risk. Findings indicated that the protec-
tive effects of higher parity, later menopause, and prolonged
reproductive periods were more pronounced among nev-
er-smokers. Weiss et al.l'%) and Meinhold et al.l'®! report-
ed that these associations remained significant even after
adjusting for smoking, suggesting an intrinsic hormonal
influence on lung carcinogenesis.

Parity (low vs. high)

The impact of parity on lung cancer risk varied across
studies, with higher parity (=5 live births) consistently as-
sociated with a significant reduction in lung cancer risk
(OR=0.50; 95% CI [0.32, 0.78]).[8] In contrast, women
with lower parity (1-2 live births) exhibited a weaker pro-
tective effect, reinforcing the hypothesis that cumulative
hormonal exposure plays a crucial role in modulating lung
cancer susceptibility.

Menopause type (natural vs. surgical)

Subgroup analyses revealed a marked difference in lung
cancer risk based on menopause type. Women who un-
derwent surgical menopause, particularly bilateral oopho-
rectomy, exhibited a significantly increased risk (OR=1.92;
95% CI [1.22, 3.01]).'") In contrast, those experiencing
natural menopause demonstrated a protective effect, par-
ticularly when menopause occurred at later ages (=51
years, OR=0.49; 95% CI [0.31, 0.79]).1%!

Study design (case-control vs. cohort)

Variability in study design influenced the magnitude of
observed associations. Prospective cohort studies, such as
those by Weiss et al.'®) and Yang et al.?), generally report-
ed more robust associations between reproductive factors
and lung cancer risk, likely due to better control of con-
founding variables. In contrast, case-control studies, such
as those by Koushik et al.'”) and Pesatori et al.*), provided
supportive but slightly attenuated findings, possibly due to
recall and selection bias.

Region (Asian vs. Western populations)

Geographic variation played a role in the observed associ-
ations. Studies conducted in Asian populations (e.g., Chi-
na) reported stronger associations between reproductive

factors and lung cancer risk compared to Western studies.
Yang et al.?% found that later age at first birth (>30 years)
was associated with a higher risk of lung cancer (HR=1.12;
95% CI [1.01, 1.24]), whereas Western studies did not re-
port a similar trend. These regional differences may reflect
genetic predispositions, environmental exposures, or cul-
tural differences in reproductive patterns.

Histological subtype (NSCLC vs.
adenocarcinoma)

The protective effects of reproductive and hormonal factors
appeared more pronounced in adenocarcinoma compared
to other NSCLC subtypes. Studies focusing on PALC found
a high prevalence of actionable driver mutations, such as
ALK rearrangements and EGFR mutations, particularly
in never-smokers.[%!° The correlation between hormonal
factors and adenocarcinoma risk suggests potential estro-
gen-mediated mechanisms influencing lung cancer patho-
genesis.

Discussion

Our review aligns with the findings of Yin et al.l'!) in em-
phasizing the significant role of reproductive and hormon-
al factors in influencing lung cancer risk in women. Both
reviews highlight the protective effects of higher parity and
prolonged reproductive periods, as well as the increased
risk associated with abrupt hormonal changes, such as
those following non-natural menopause. However, our re-
view expands on this by focusing on PALC, its unique mo-
lecular features, and clinical challenges.

Pregnancy induces profound hormonal fluctuations,
particularly in estrogen, progesterone, and human chori-
onic gonadotropin (hCG), which play critical roles in lung
cancer susceptibility. Estrogen, through estrogen receptor
(ER) signaling, can influence lung tissue by promoting cell
proliferation, angiogenesis, and interaction with oncogenic
pathways such as EGFR and phosphatidylinositol 3’-kinase
(PI3K)/AKT. However, prolonged exposure to endogenous
estrogen, as seen in women with higher parity and later
menopause, appears to have a protective effect by main-
taining hormonal stability and reducing oxidative stress.
Progesterone, which rises during pregnancy, has been
suggested to exert anti-inflammatory and immune-mod-
ulating effects, potentially counteracting estrogen-driven
proliferation. Additionally, hCG, a pregnancy-specific hor-
mone, has been linked to anti-tumor properties in other
cancers and may influence lung cancer risk by modulating
cell differentiation.[2!-24]

This review explores the complex link between repro-
ductive hormones and lung cancer risk. It highlights estro-
gen’s role in influencing susceptibility. The protective effect
of prolonged exposure to endogenous estrogen, indicated
by a longer reproductive period, aligns with established
theories about estrogen’s anti-inflammatory and antiox-

Folia Medica | 2025 | Vol. 67 | No. 5



idative properties. These effects may mitigate oncogenic
processes in lung tissue, providing a biologically plausible
explanation for reduced cancer risk.?*) Hormonal fluctua-
tions during pregnancy and reproductive cycles may induce
epigenetic changes, such as DNA methylation and histone
modification, influencing the expression of oncogenes and
tumor suppressor genes.2>24]

The protective association of late menopause and the
heightened risk linked to surgical menopause reflect the
critical impact of hormonal fluctuations. The abrupt decline
in estrogen levels observed in surgical menopause could
disrupt cellular regulatory mechanisms, such as apopto-
sis and proliferation, emphasizing the importance of hor-
monal stability in pulmonary homeostasis.?*! The findings
regarding parity further suggest a robust protective effect,
potentially driven by pregnancy-induced hormonal surges
and immune modulation, which may recalibrate long-term
endocrine and immune functions to inhibit lung tumori-
genesis.?%?’) Postpartum immune reconstitution and hor-
monal resetting could enhance immune surveillance and
stabilize hormonal cycles, potentially reducing lung cancer
susceptibility.?”]

The association between reproductive factors and ad-
enocarcinoma prevalence strengthens the argument for
hormonal involvement in lung carcinogenesis. This sub-
type-specific correlation is likely mediated by ER expres-
sion in lung tissue, implicating ER signaling pathways in
tumor biology. ER signaling activates key pathways like
mitogen-activated protein kinase (MAPK) and PI3K/Akt,
promoting cell survival and proliferation.?*) Concurrent-
ly, estrogen metabolism generates reactive oxygen species
(ROS), contributing to DNA damage. While estrogen-me-
diated DNA repair mechanisms can mitigate these effects,
they may inadvertently enhance the survival of damaged
cells, promoting carcinogenesis.[?’)

Estrogen exerts a dual role in lung cancer progression,
mediated through distinct functions of estrogen receptor
subtypes and its influence on ROS metabolism. The two
primary estrogen receptors, ERa (ESR1) and ERB (ESR2),
exhibit opposing effects in lung tissue. ERa activation is
associated with increased cell proliferation, angiogenesis,
and survival, largely through the activation of MAPK and
PI3K/Akt/mTOR signaling. ERa also interacts with recep-
tor tyrosine kinases, particularly the EGFR, amplifying mi-
togenic signaling and contributing to therapy resistance. In
contrast, ERP has tumor-suppressive properties, promoting
apoptosis and inhibiting tumor growth, a function that is
frequently lost in advanced lung cancers. The differential
expression of these receptors in lung adenocarcinoma sug-
gests that estrogen-mediated carcinogenesis is highly de-
pendent on the ERa/ER balance.>”!

Beyond receptor signaling, estrogen metabolism gen-
erates ROS, influencing DNA damage and repair mecha-
nisms. Estrogen is metabolized into catechol estrogens,
which undergo oxidation to form quinones, highly reactive
compounds that promote DNA adduct formation. These
estrogen-derived metabolites contribute to lung tumori-

Pregnancy, Reproductive Hormones, and Lung Cancer

genesis by inducing oxidative stress and genetic instability.
Additionally, estrogen upregulates CYP1A1, a cytochrome
P450 enzyme involved in ROS metabolism, which further
enhances oxidative DNA damage in lung epithelial cells.
While estrogen has been shown to modulate DNA repair
pathways such as base excision repair (BER) and nucleotide
excision repair (NER), prolonged hormonal exposure may
paradoxically promote the survival of damaged cells, facili-
tating tumor progression.>!

Estrogen’s interaction with oncogenic driver mutations,
particularly EGFR and ALK alterations, further under-
scores its role in lung carcinogenesis. EGFR mutations,
commonly found in never-smoking women with lung ad-
enocarcinoma, drive tumor growth through constitutive
activation of the MAPK and PI3K/Akt pathways. Estrogen
amplifies EGFR signaling by inducing EGFR phosphoryla-
tion and upregulating its expression through ERa-mediated
transcriptional regulation. This estrogen-driven EGFR ac-
tivation has been implicated in resistance to EGFR inhibi-
tors such as osimertinib, highlighting the potential need for
combination strategies targeting both pathways. Similarly,
ALK rearrangements, particularly EML4-ALK fusions, ac-
tivate downstream oncogenic cascades that are further en-
hanced by estrogen signaling. Estrogen has been shown to
increase ALK expression and induce crosstalk between ALK
and ER pathways, leading to resistance against ALK inhibi-
tors such as crizotinib. This suggests that hormonal modu-
lation may play a crucial role in the therapeutic response of
lung cancer patients harboring ALK rearrangements.3233]

Given these interactions, estrogen-targeted therapies
have been proposed as potential adjuncts to standard lung
cancer treatments. Aromatase inhibitors such as letrozole
and anastrozole reduce estrogen synthesis, potentially lim-
iting estrogen-driven oncogenic signaling. Selective es-
trogen receptor modulators (SERMs) like fulvestrant and
tamoxifen may be beneficial in ERa-positive lung cancers,
particularly in combination with EGFR or ALK inhibi-
tors. Moreover, ROS scavengers such as N-acetylcysteine
and vitamin C could mitigate estrogen-induced oxidative
stress, offering an additional therapeutic avenue.>#3! The
unique pathophysiological features of PALC, including
its association with driver mutations like ALK rearrange-
ments and EGFR mutations, suggest a complex interplay
between hormonal factors and genetic predispositions. The
predominance of these mutations in non-smoking women
further reinforces the hypothesis of hormonal modulation
as a distinct etiological pathway.

PALC’s frequent presentation at advanced stages reflects
diagnostic challenges compounded by overlapping symp-
toms of pregnancy and lung cancer. This highlights the ne-
cessity for heightened clinical vigilance in pregnant patients
presenting with respiratory symptoms. The promising sur-
vival outcomes associated with targeted therapies, such as
ALK inhibitors, emphasize the need for genetic profiling
in this demographic.’¢) However, their use necessitates a
balance between therapeutic efficacy and fetal safety, neces-
sitating individualized treatment protocols.
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The inconsistent association between pregnancy com-
plications, such as pre-eclampsia, and lung cancer risk
underscores the complexity of these interactions. Mech-
anistic pathways involving systemic inflammation and
vascular dysfunction are plausible contributors but re-
main inadequately substantiated. The elevated levels of
inflammatory cytokines and dysregulated angiogenesis
observed in pre-eclampsia suggest potential carcinogenic
pathways.[12:37)

The independent protective effects of reproductive
factors, irrespective of smoking status, challenge the con-
ventional dominance of smoking in lung cancer etiology.
While smoking remains a critical risk factor, its interplay
with hormonal influences may amplify carcinogenesis,
particularly through metabolic pathways like cytochrome
P450 family 1 subfamily A member 1 (CYP1Al) induc-
tion. This enzyme’s role in estrogen metabolism introduc-
es a dual-hit mechanism, combining oxidative stress with
hormonal modulation, necessitating further exploration of
these interactions.383)

The association between reproductive factors and
lung cancer risk involves various hormonal and molecu-
lar mechanisms. Estrogen, a key female sex hormone, has
been implicated in lung carcinogenesis through ER activa-
tion, particularly ERa and ERp, which promote cell pro-
liferation and inhibit apoptosis in lung tissue.”®) Estrogen
also interacts with growth factor signaling pathways, such
as the EGFR pathway, enhancing mitogenic activity and
contributing to malignant transformation.®) Additionally,
estrogen metabolites can induce DNA damage, leading to
mutations if not properly repaired, while also influencing
gene expression related to DNA repair mechanisms, there-
by affecting genomic stability.l®! A large-scale epidemiolog-
ical study suggested that earlier menarche and later meno-
pause, which extend estrogen exposure, are associated with
an increased risk of lung cancer, while a shorter reproduc-
tive span may be protective.[*! Higher parity and later age
at first birth have been linked to reduced lung cancer risk,
potentially due to the hormonal changes during pregnan-
cy that exert protective effects on lung tissue.l”) The role of
HRT remains controversial, with some studies indicating
an increased risk of lung cancer, while others report no sig-
nificant association, suggesting that the effects may depend
on the type and duration of hormone exposure.!”!

This review offers a comprehensive synthesis of evi-
dence regarding the intersection of pregnancy, reproduc-
tive hormones, and lung cancer risk, filling a critical gap
in understanding the role of hormonal factors in lung car-
cinogenesis. A systematic approach was employed follow-
ing PRISMA guidelines, ensuring methodological rigor in
study selection and data extraction. The inclusion of stud-
ies spanning diverse populations and geographic regions
enhances the generalizability of findings. Furthermore, the
review uniquely integrates evidence on PALC and its mo-
lecular characteristics, such as ALK and EGFR mutations,
providing valuable insights into targeted treatment strat-
egies. The integration of hormonal mechanisms and their

plausible biological pathways strengthens the theoretical
foundation of the findings.

This systematic review has significant clinical and trans-
lational implications by highlighting the role of repro-
ductive hormones and pregnancy-associated factors in
lung cancer risk, particularly among female never-smok-
ers. The findings support integrating reproductive history
into lung cancer risk models to improve early detection
and risk stratification. Additionally, the identification of
hormone-driven molecular pathways and actionable mu-
tations (ALK, EGFR) in PALC underscores the need for
personalized treatment approaches, optimizing targeted
therapies while ensuring fetal safety. Beyond clinical ap-
plications, this review lays the foundation for future re-
search on hormonal biomarkers and the development
of hormone-based prevention strategies, ultimately ad-
vancing precision medicine in lung cancer management.
Despite its strengths, this review has several limitations.
The reliance on observational studies, which are prone to
residual confounding and bias, constrains causal infer-
ences. Smoking, a critical confounder in lung cancer re-
search, was variably controlled across the included stud-
ies, potentially influencing the observed associations. The
heterogeneity in study designs, exposure definitions, and
outcome measures limits the comparability and pooling
of results. Many studies had small sample sizes or focused
on specific subpopulations, reducing statistical power and
external validity. Additionally, the data on PALC remains
sparse, necessitating cautious interpretation of findings in
this subgroup. Finally, publication bias, inherent to system-
atic reviews, may have skewed the results towards studies
reporting significant associations, while grey literature was
not fully exhaustively explored.

The integration of reproductive and hormonal history
into risk stratification models offers an opportunity to re-
fine early detection strategies for lung cancer. For PALC,
the application of molecular-targeted therapies holds sig-
nificant promise but requires tailored approaches that con-
sider the unique needs of pregnant patients. Investigating
the interaction between reproductive factors and genetic
mutations may unveil novel therapeutic targets, while pro-
spective cohort studies are essential to address confound-
ing variables and strengthen causal inferences.

Integrating reproductive history into lung cancer
screening guidelines requires a multi-faceted approach that
enhances risk prediction models, refines screening eligibil-
ity criteria, and incorporates hormonal and genetic factors
into clinical assessments. Existing lung cancer risk mod-
els, such as PLCOm2012 and USPSTF guidelines, could
be modified to include reproductive factors such as parity,
age at menarche and menopause, reproductive period du-
ration, and pregnancy complications. A reproductive lung
cancer risk index (RLC-RI) could be developed to quantify
risk, assigning weighted values based on epidemiological
evidence showing that later menopause and higher parity
reduce risk, whereas surgical menopause and early meno-
pause increase susceptibility. This index could be integrat-
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ed into electronic medical records to generate automated
screening recommendations. Stratification of high-risk
subgroups, particularly never-smoking women, would
allow targeted screening for those with early menopause,
low parity, a history of surgical menopause, or pregnancy
complications such as pre-eclampsia. In addition to clinical
risk factors, biomarker analysis, including estrogen recep-
tor expression and hormonal metabolites, could refine risk
assessment, particularly in women with genetic predispo-
sitions such as EGFR and ALK mutations. Personalized
screening recommendations should prioritize annual low-
dose CT scans for high-risk women, even those without a
smoking history, while those with moderate reproductive
risk factors may benefit from enhanced risk counseling. A
crucial aspect of this strategy is providing education, en-
suring that reproductive history is systematically evaluat-
ed in lung cancer risk assessments. Collaboration between
oncologists and gynecologists could further enhance early
detection, particularly in women undergoing hormonal
transitions such as menopause or pregnancy. Future re-
search should focus on large-scale cohort studies and ma-
chine learning-based predictive models to validate these
associations and refine individualized screening strategies,
ultimately improving early lung cancer detection and pre-
vention in women.

Establishing an international registry for PALC would
be a crucial step in addressing the significant data gaps
surrounding its epidemiology, molecular characteristics,
and clinical management. Given the rarity of PALC, cur-
rent evidence is limited to small-scale studies and case
reports, making it difficult to draw definitive conclusions

Risk factors (e.g., surgical
menopause, pre-eclampsia).
Protective factors (e.g.,

higher parity, later
menopause).

Actionable
mutations in PALC
(e.g., ALK
rearrangements,
EGFR mutations)

ALK and ROS1
Rearrangement Pathway

Diagnostic delays during
pregnancy
Complexity of balancing

maternal and fetal safety
in treatment
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about risk factors, optimal diagnostic approaches, and
treatment outcomes. A global registry would facilitate
the collection of standardized, high-quality data from
multiple institutions and geographic regions, enabling a
more comprehensive understanding of this condition. The
registry should include demographic, reproductive, and
hormonal history, clinical presentation, tumor histology,
molecular profiling (including actionable mutations such
as ALK and EGFR), treatment regimens, pregnancy out-
comes, and long-term maternal and fetal health data. By
pooling data from diverse populations, the registry could
help identify high-risk subgroups, evaluate the impact of
pregnancy-related hormonal fluctuations on lung cancer
progression, and refine clinical management strategies.
Additionally, it would serve as a valuable resource for
prospective research, allowing investigators to explore
genetic predispositions, hormonal biomarkers, and novel
therapeutic approaches. Collaboration among oncology,
obstetrics, and epidemiology experts would be essential
to ensure comprehensive data collection and to develop
evidence-based guidelines for diagnosing and managing
PALC. Furthermore, integrating the registry with existing
cancer databases and leveraging artificial intelligence for
predictive modeling could enhance risk stratification and
treatment personalization. Ultimately, an international
PALC registry would not only advance scientific knowl-
edge but also improve clinical outcomes by enabling ear-
lier detection, optimizing treatment decisions, and ensur-
ing better maternal-fetal care in affected patients.

Fig. 2 illustrates the interplay of reproductive factors,
hormonal modulation, and molecular pathways in PALC.

Clinical Outcomes:
Influence of hormonal

modulation on lung cancer
risk.
Outcomes with targeted
therapies in PALC cases.

PI3K/AKT/mTOR
Pathway

Epigenetic Modulation

DNA Methylation,
miRNAs, Histone
Modification

Need for large-scale
cohort studies.

Lack of clarity in
hormonal and genetic
interactions.

Figure 2. Interplay of reproductive factors, hormonal modulation, and molecular pathways in pregnancy-associated lung cancer.

EGFR: epidermal growth factor receptor; ER: estrogen receptor; miRNAs: microRNAs; mTOR: mammalian target of rapamycin; PALC:

pregnancy-associated lung cancer; PI3K: phosphoinositide 3-kinase; PR: progesterone receptor; ROS1: c-ros oncogene 1.
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Conclusions

This systematic review underscores the complex interplay
between pregnancy, reproductive hormones, and lung can-
cer risk in women. The findings highlight the protective
role of reproductive factors such as parity, later menopause,
and prolonged reproductive periods, likely mediated by
hormonal stabilization and immune modulation. Addi-
tionally, the distinct clinical and molecular characteristics
of PALC, including high rates of actionable mutations such
as ALK and EGFR, suggest unique etiological pathways
and emphasize the potential for targeted therapeutic strat-
egies. However, challenges such as diagnostic delays during
pregnancy and balancing treatment efficacy with fetal safe-
ty remain significant hurdles.

This study provides key insights but has limitations. It
relies on observational data, which limits causal inference.
Additionally, factors such as smoking and environmental
exposures may affect the observed associations. Second,
the heterogeneity of study designs and sample sizes reduces
the comparability of findings. Many included studies had
small sample sizes, limiting statistical power and generaliz-
ability. Third, while PALC presents distinct molecular and
clinical features, data on PALC remain sparse, necessitating
cautious interpretation of its associations with reproductive
factors. Lastly, publication bias may have influenced the
synthesis of available data, as studies reporting significant
associations are more likely to be published.

Future research should prioritize large-scale prospec-
tive cohort studies and mechanistic investigations to bet-
ter elucidate the hormonal and genetic interactions in lung
carcinogenesis. Clinically, integrating reproductive history
into lung cancer risk models could improve early detection
and risk stratification, particularly in high-risk subgroups.
Addressing these limitations will enhance the accuracy and
applicability of findings, ultimately improving prevention
and management strategies for lung cancer in women.

Author contributions

Eleni-Maria Sotiropoulou: conceptualization, methodology,
writing-original draft, data collection, writing-review and
editing; Antigoni Sarantaki: data interpretation, data collec-
tion, literature review; Giannoula Kyrkou: data interpreta-
tion, data collection, literature review; Vasiliki Epameinon-
das Georgakopoulou: data collection, writing-review and
editing, project administration, supervision; Athina Dia-
manti: data collection, writing-review and editing, project
administration, supervision. The Corresponding author
confirms that all authors meet the criteria for authorship as
outlined by the International Committee of Medical Jour-
nal Editors (ICMJE) criteria, have read the manuscript and
agreed for publication.

Ethics approval and consent to
participate

Not applicable

Consent for publication

Not applicable.

Availability of data and material

The datasets generated during and/or analyzed during the
current study are not publicly available but are available
from the corresponding author on reasonable request.

Conflicts of interest

None

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Acknowledgements

During the preparation of this work, AI tool ChatGPT was
used to improve the readability and language of the man-
uscript, and subsequently, the authors revised and edited
the content produced by the AI tool as necessary, taking
full responsibility for the ultimate content of the present
manuscript.

References

1. Thandra KC, Barsouk A, Saginala K, et al. Epidemiology of lung
cancer. Contemp Oncol (Pozn) 2021; 25(1):45-52. doi: 10.5114/
wo0.2021.103829

2. Georgakopoulou VE, Lempesis IG, Trakas N, et al. Lung cancer
and obesity: A contentious relationship (Review). Oncol Rep 2024;
52(5):158. doi: 10.3892/0r.2024.8817

3. LoPiccolo J, Gusev A, Christiani DC, et al. Lung cancer in patients
who have never smoked - an emerging disease. Nat Rev Clin Oncol
2024; 21(2):121-46. doi: 10.1038/s41571-023-00844-0

4. Rodriguez-Lara V, Avila-Costa MR. An overview of lung cancer in
women and the impact of estrogen in lung carcinogenesis and lung
cancer treatment. Front Med (Lausanne) 2021;8:600121. doi: 10.3389/
fmed.2021.600121.

5. Pesatori AC, Carugno M, Consonni D, et al. Reproductive and hor-
monal factors and the risk of lung cancer: the EAGLE study. Int ] Can-
cer 2013; 132(11):2630-9. doi: 10.1002/ijc.27926

10

Folia Medica | 2025 | Vol. 67 | No. 5



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Walters B, Midwinter I, Chew-Graham CA, et al. Pregnancy-
associated cancer: a systematic review and meta-analysis. Mayo
Clin Proc Innov Qual Outcomes 2024; 8(2):188-99. doi: 10.1016/j.
mayocpiqo.2024.02.002

Zhuang W, Qiao G. Pregnancy-associated lung cancer: a clinical and
scientific challenge more than treatment dilemma. J Thorac Dis 2021;
13(9):5572-4. doi: 10.21037/jtd-21-1220

Dagogo-Jack I, Gainor JF, Porter RL, et al. Clinicopathologic features
of NSCLC diagnosed during pregnancy or the peripartum period in
the era of molecular genotyping. ] Thorac Oncol 2016; 11(9):1522-8.
doi: 10.1016/j.jtho.2016.05.031

Soberanis Pina P, Lara-Mejia L, Matias-Cruz V, et al. Case report:
osimertinib administration during pregnancy in a woman with ad-
vanced EGFR-mutant non-small cell lung cancer. Front Oncol 2023;
13:1108124. doi: 10.3389/fonc.2023.1108124

Zhou JP, Wang Y, Lin YN, et al. Clinical features and management of
lung cancer during pregnancy: a narrative review based on reported
cases. Womens Health Rep (New Rochelle) 2023; 4(1):544-550. doi:
10.1089/whr.2023.0085

Yin X, Zhu Z, Hosgood HD, et al. Reproductive factors and lung can-
cer risk: a comprehensive systematic review and meta-analysis. BMC
Public Health 2020; 20(1):1458. doi: 10.1186/s12889-020-09530-7
Calderon-Margalit R, Friedlander Y, Yanetz R, et al. Preeclampsia
and subsequent risk of cancer: update from the Jerusalem Perinatal
Study. Am ] Obstet Gynecol 2009; 200(1):63.e1-5. doi: 10.1016/j.
2j0g.2008.06.057

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ
2021; 372:n71. doi: 10.1136/bmj.n71

Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-
analyses. 3rd Symposium on Systematic Reviews: Beyond the Basics;
2000 Jul 3-5; Oxford, UK.

Paltiel O, Friedlander Y, Tiram E, et al. Cancer after pre-eclamp-
sia: follow up of the Jerusalem perinatal study cohort. BMJ 2004;
328(7445):919. doi: 10.1136/bmj.38032.820451.7C

Weiss JM, Lacey JV Jr, Shu XO, et al. Menstrual and reproductive fac-
tors in association with lung cancer in female lifetime nonsmokers.
Am ] Epidemiol 2008; 168(11):1319-25. doi: 10.1093/aje/kwn257
Koushik A, Parent ME, Siemiatycki J. Characteristics of menstruation
and pregnancy and the risk of lung cancer in women. Int ] Cancer
2009; 125(10):2428-33. doi: 10.1002/ijc.24560

Meinhold CL, Berrington de Gonzalez A, Bowman ED, et al. Repro-
ductive and hormonal factors and the risk of nonsmall cell lung can-
cer. Int ] Cancer 2011; 128(6):1404-13. doi: 10.1002/ijc.25434

Yang L, He YT, Kang J, et al. Clinical features and intervention timing
in patients with pregnancy-associated non-small-cell lung cancer. J
Thorac Dis 2021; 13(7):4125-36. doi: 10.21037/jtd-21-234

Yang Z, Wang F, Tan E, et al. Menstrual factors, reproductive history,
and risk of lung cancer: a multi-center population-based cohort study
in Chinese females. Transl Lung Cancer Res 2021; 10(10):3912-28.
doi: 10.21037/tlcr-21-552

Xing D, Nozell S, Chen YE et al. Estrogen and mechanisms of vas-
cular protection. Arterioscler Thromb Vasc Biol 2009; 29(3):289-95.
doi: 10.1161/ATVBAHA.108.182279

Tal R, Taylor HS. Endocrinology of pregnancy. [Updated 2021 Mar
18]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext
[Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Avail-
able from: https://www.ncbi.nlm.nih.gov/books/NBK278962/.
Spandidos DA. A unified theory for the development of cancer. Biosci

Pregnancy, Reproductive Hormones, and Lung Cancer

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rep 1986; 6(8):691-708. doi: 10.1007/BF01116536

Andrawus M, Sharvit L, Atzmon G. Epigenetics and pregnancy: con-
ditional snapshot or rolling event. Int ] Mol Sci 2022; 23(20):12698.
doi: 10.3390/ijms232012698

Lewis-Wambi JS, Jordan VC. Estrogen regulation of apoptosis: how
can one hormone stimulate and inhibit? Breast Cancer Res 2009;
11(3):206. doi: 10.1186/bcr2255

Robinson DP, Klein SL. Pregnancy and pregnancy-associated hor-
mones alter immune responses and disease pathogenesis. Horm Be-
hav 2012; 62(3):263-71. doi: 10.1016/j.yhbeh.2012.02.023

Kareva I. Immune suppression in pregnancy and cancer: parallels
and insights. Transl Oncol 2020; 13(7):100759. doi: 10.1016/j.tra-
non.2020.100759

Glaviano A, Foo ASC, Lam HY, et al. PI3K/AKT/mTOR signaling
transduction pathway and targeted therapies in cancer. Mol Cancer
2023;22(1):138. doi: 10.1186/512943-023-01827-6

Tian H, Gao Z, Wang G, et al. Estrogen potentiates reactive oxygen
species (ROS) tolerance to initiate carcinogenesis and promote can-
cer malignant transformation. Tumour Biol 2016; 37(1):141-50. doi:
10.1007/s13277-015-4370-6

Hsu LH, Chu NM, Kao SH. Estrogen, estrogen receptor and lung can-
cer. Int ] Mol Sci 2017; 18(8):1713. doi: 10.3390/ijms18081713
Bolton JL, Thatcher GR. Potential mechanisms of estrogen quinone
carcinogenesis. Chem Res Toxicol 2008; 21(1):93-101. doi: 10.1021/
tx700191p

Park §J, Ju S, Goh SH, et al. Proteogenomic characterization reveals
estrogen signaling as a target for never-smoker lung adenocarci-
noma patients without EGFR or ALK alterations. Cancer Res 2024;
84(9):1491-503. doi: 10.1158/0008-5472.CAN-23-1551
Papageorgiou S, Pashley SL, O’Regan L, et al. Alternative treatment
options to ALK inhibitor monotherapy for EML4-ALK-driven
lung cancer. Cancers (Basel) 2022; 14(14):3452. doi: 10.3390/can-
cers14143452

Young PA, Pietras R]. Aromatase inhibitors combined with aspirin
to prevent lung cancer in preclinical models. Transl Lung Cancer Res
2018; 7(Suppl 4):5373-S6. doi: 10.21037/tlcr.2018.09.17

Alsous L, Bardaweel S. Selective estrogen receptor modulators
(SERMs) synergize with cisplatin, induce apoptosis and suppress cel-
lular migration and colony formation of lung cancer cells. Anticancer
Agents Med Chem 2022; 22(9):1826-1836. doi: 10.2174/1871520621
666210908110902

Parvaresh H, Roozitalab G, Golandam FE, et al. Unraveling the poten-
tial of ALK-targeted therapies in non-small cell lung cancer: compre-
hensive insights and future directions. Biomedicines 2024; 12(2):297.
doi: 10.3390/biomedicines12020297

Szczerba K, Stokowa-Soltys K. What is the correlation between pre-
eclampsia and cancer? the important role of tachykinins and tran-
sition metal ions. Pharmaceuticals (Basel) 2023; 16(3):366. doi:
10.3390/ph16030366

PengJ, Xu X, Mace BE, et al. Estrogen metabolism within the lung and
its modulation by tobacco smoke. Carcinogenesis 2013; 34(4):909-
15. doi: 10.1093/carcin/bgs402

Napoli N, Villareal DT, Mumm §, et al. Effect of CYP1A1 gene poly-
morphisms on estrogen metabolism and bone density. ] Bone Miner
Res 2005; 20(2):232-9. doi: 10.1359/JBMR.041110

Ben Khedher S, Neri M, Papadopoulos A, et al. Menstrual and repro-
ductive factors and lung cancer risk: A pooled analysis from the inter-
national lung cancer consortium. Int ] Cancer 2017; 141(2):309-23.
doi: 10.1002/ijc.30750

Folia Medica | 2025 | Vol. 67 | No. 5

1

Folia Medica


https://www.ncbi.nlm.nih.gov/books/NBK278962/

E. Sotiropoulou et al.

Folia Medica

Appendix
Supplementary data
Quality assessment of included studies

Study 1: Paltiel et al.
1.

Selection

Representativeness of the exposed cohort: The co-
hort included women from the Jerusalem Perina-
tal Study, encompassing all deliveries in three large
hospitals during 1964-1976. This is likely represen-
tative of the population in that region and period.
Rating: %

Selection of the non-exposed cohort: Women with-
out pre-eclampsia from the same population were in-
cluded, making the selection appropriate.

Rating: %

Ascertainment of exposure: Pre-eclampsia was sys-
tematically recorded at delivery, providing objective
and reliable data.

Rating: %

Demonstration that outcome of interest was not pres-
ent at start of study: Only women without prior can-
cer diagnosis were included.

Rating: %

. Comparability

Comparability of cohorts on the basis of the design or
analysis: Adjustments were made for age, parity, eth-
nicity, and other relevant variables in multivariable
models. However, smoking, a potential confounder,
was not consistently available for adjustment.

Rating: %%

. Outcome

Assessment of outcome: Cancer outcomes were as-
certained via the Israel Cancer Registry, which is reli-
able and comprehensive.

Rating: %

Was follow-up long enough for outcomes to occur:
Median follow-up was 29 years, sufficient for cancer
development.

Rating: %

Adequacy of follow-up of cohorts: 91.8% of the origi-
nal cohort was successfully traced and linked to out-
comes, indicating adequate follow-up.

Rating: %

Total Score: 9/9 stars

The study by Paltiel et al. (2004) demonstrates a low risk
of bias according to the Newcastle-Ottawa Scale for cohort
studies.

Study 2: Weiss et al.
1.

Selection

Representativeness of the exposed cohort: The cohort
consisted of 71,314 female lifetime nonsmokers from
the Shanghai Women’s Health Study, a large popula-
tion-based cohort representative of urban Shanghai.
Rating: %

Selection of the non-exposed cohort: The study fo-
cused exclusively on nonsmokers, avoiding issues of
comparability with exposed groups. Non-exposure
here is consistent.

Rating: %

Ascertainment of exposure: Data on reproductive
factors and passive smoke exposure were collected
via validated questionnaires and interviews, ensuring
reliability.

Rating: %

Demonstration that outcome of interest was not pres-
ent at start of study: Women with a history of cancer
at baseline were excluded, ensuring participants were
free from the outcome at study start.

Rating: %

. Comparability

Comparability of cohorts on the basis of design or
analysis: The study adjusted for key confounders, in-
cluding age, passive smoke exposure, and reproduc-
tive factors. However, adjustments for additional po-
tential confounders (e.g., dietary patterns and genetic
factors) might not be comprehensive.

Rating: %%

. Outcome

Assessment of outcome: Lung cancer diagnoses were
verified through medical records and cancer registry
data, ensuring reliable outcome assessment.

Rating: %

Was follow-up long enough for outcomes to occur:
The median follow-up was approximately 4.1 years,
which is modest but sufficient for identifying cases of
lung cancer in this cohort.

Rating: %

Adequacy of follow-up of cohorts: The study achieved
a follow-up rate of 97%, indicating high retention and
reliable outcome data.

Rating: %

Total Score: 9/9 stars

The study by Weiss et al. (2008) demonstrates a low risk
of bias according to the Newcastle-Ottawa Scale for cohort
studies. It was well-designed and rigorously executed.

Study 3: Koushik et al.
1. Selection
o Case definition adequate: Lung cancer diagnoses

were histologically confirmed, ensuring accurate
identification of cases.

Rating: %

Representativeness of cases: Cases were identified
through hospital tumor registries and pathology re-
cords across 18 hospitals in the Montreal area, cover-
ing 98% of cases. This is representative of the target
population.

Rating: %

Selection of controls: Controls were randomly se-
lected from provincial electoral lists, which provide
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a comprehensive and nearly complete listing of resi-
dents.
Rating: %

o Definition of controls: Controls had no history of
lung cancer, and eligibility was based on the same in-
clusion criteria as cases, ensuring comparability.
Rating: %

2. Comparability

o Comparability of cases and controls based on de-
sign or analysis: The study controlled for important
confounders such as age, socioeconomic status, and
comprehensive smoking history (using a composite
smoking index).

Rating: %%

3. Exposure

o Ascertainment of exposure: Detailed exposure data,
including reproductive and hormone-related factors,
were collected via interviewer-administered ques-
tionnaires. Proxy respondents were used for some
cases, introducing a potential limitation but with sen-
sitivity analyses performed.

Rating: %

o Same method of ascertainment for cases and con-
trols: Both cases and controls completed the same
questionnaire, ensuring consistent data collection.
Rating: %

o Non-response rate: Participation rates were high
(81.7% for cases and 69.4% for controls), minimizing
bias from non-response.

Rating: %

Total Score: 9/9 stars

The study by Koushik et al. (2009) demonstrates a low
risk of bias according to the Newcastle-Ottawa Scale for
case-control studies. Its robust methodology ensures reli-
able findings.

Study 4: Meinhold et al.

1. Selection

o Case definition adequate: Cases of non-small cell
lung cancer were confirmed through histological di-
agnoses, ensuring an accurate case definition.
Rating: %

« Representativeness of cases: Cases were drawn from
hospitals across Baltimore, representing the target
population, with over 80% enrolled within 180 days
of diagnosis.

Rating: %

o Selection of controls: Controls included hospital-
based (frequency matched by smoking status and
hospital) and population-based (selected from Motor
Vehicle Administration lists).

Rating: %

o Definition of controls: Controls were free from can-
cer (other than non-melanoma skin cancer or in situ
cervical cancer) and selected without bias related to
the exposure of interest.

Rating: %

Pregnancy, Reproductive Hormones, and Lung Cancer

. Comparability

Comparability of cases and controls based on design
or analysis: Adjustments were made for smoking sta-
tus (active and passive), age, education, income, and
other confounders in logistic regression models.
Rating: %%

. Exposure

Ascertainment of exposure: Detailed exposure data
were collected through standardized interviews using
validated questionnaires.

Rating: %

Same method of ascertainment for cases and con-
trols: Both cases and controls underwent identical
interviews to collect exposure and confounder data.
Rating: %

Non-response rate: Participation rates were not clear-
ly stated, but the study mentions recruitment and
follow-up efforts, with minimal missing data for key
variables. This is adequate.

Rating: %

Total Score: 9/9 stars

The study by Meinhold et al. (2011) demonstrates a low
risk of bias using the Newcastle-Ottawa Scale for case-con-
trol studies. Its robust methodology and comprehensive
adjustment for confounders ensure reliable findings.

Study 5: Pesatori et al.

1.

Selection

Case definition adequate: Lung cancer diagnoses
were confirmed through histological or cytological
verification, ensuring accurate identification of cases.
Rating: %

Representativeness of cases: Cases were drawn from
13 hospitals across a large region (Lombardy, Italy),
representing a broad and representative population.
Rating: %

Selection of controls: Controls were population-
based, randomly sampled from municipal registries,
and frequency-matched to cases by age and residence.
Rating: %

Definition of controls: Controls were confirmed to be
cancer-free at the time of selection, excluding non-
melanoma skin cancer or in situ cervical cancer.
Rating: %

. Comparability

Comparability of cases and controls based on design
or analysis: The study controlled for major confound-
ers, including smoking status, pack-years, environ-
mental tobacco smoke (ETS), education, and body
mass index (BMI).

Rating: %%

. Exposure

Ascertainment of exposure: Exposure data (repro-
ductive and hormonal factors) were collected through
in-person computer-assisted personal interviews, en-
suring consistent and reliable data.

Rating: %
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Same method of ascertainment for cases and controls:
The same structured interview process was applied to
both cases and controls.

Rating: %

Non-response rate: Participation rates were high
(86.6% for cases and 72.4% for controls), reducing the
likelihood of bias from non-participation.

Rating: %

Total Score: 9/9 stars

The study by Pesatori et al. (2013) demonstrates a low
risk of bias using the Newcastle-Ottawa Scale for case-con-
trol studies. Its robust methodology and thorough adjust-
ment for confounders ensure reliability in its findings.

Study 6: Dagogo-Jack et al.

1.

Selection

Representativeness of the exposed cohort: The study
identified women with NSCLC during pregnancy or
peripartum from a retrospective review of records at
a single institution. The sample represents a specific
subset of a larger population (women with NSCLC).
However, as the cohort is hospital-based and retro-
spective, there may be selection bias.

Rating: %

Selection of the non-exposed cohort: There is no
explicit non-exposed cohort (e.g., patients without
NSCLC during pregnancy/peripartum). The study
focuses on descriptive data for the exposed cohort.
Rating: Not applicable.

Ascertainment of exposure: Diagnoses were con-
firmed through medical records and molecular test-
ing for oncogenic drivers, providing high reliability.
Rating: %

Demonstration that outcome of interest was not pres-
ent at start of study: The study includes patients di-
agnosed with NSCLC during pregnancy/peripartum;
no prior outcome (e.g., cancer) was reported at study
inclusion.

Rating: %

. Comparability

Comparability of cohorts on the basis of design or
analysis: The study controlled for key factors (e.g.,
molecular genotype, treatment, and clinical features)
but lacked adjustment for other confounders such as
socioeconomic factors or comorbidities.

Rating: %

. Outcome

Assessment of outcome: Outcomes, including pro-
gression-free survival (PFS) and overall survival,
were assessed through clinical follow-ups and patient
records, ensuring reliable measurement.

Rating: %

Was follow-up long enough for outcomes to occur: Fol-
low-upranged from 11 monthsto over five years, which
is adequate for assessing survival outcomes in NSCLC.
Rating: %

Adequacy of follow-up of cohorts: The study
provided complete follow-up for all includ-
ed cases, minimizing bias from missing data.
Rating: %

Total Score: 7/9 stars

This study demonstrates a moderate-to-low risk of bias.
The lack of a comparative non-exposed cohort and limited
adjustment for confounders are the primary limitations

Study 7: Yang et al.

1.

Selection

Representativeness of the exposed cohort: The study
included 553,434 females from eight provinces in
China, based on the Chinese Lung Cancer Screening
Program, with rigorous inclusion and exclusion crite-
ria. This represents a broad population-based cohort.
Rating: %

Selection of the non-exposed cohort: The cohort in-
cluded both exposed and non-exposed individuals to
reproductive factors, making the selection compa-
rable.

Rating: %

Ascertainment of exposure: Data were collected via
self-report questionnaires, which may introduce
recall bias but were conducted systematically with
trained personnel.

Rating: %

Demonstration that outcome of interest was not pres-
ent at start of study: Exclusions ensured no prior can-
cer diagnosis at baseline.

Rating: *

. Comparability

Comparability of cohorts on the basis of design or
analysis: The study adjusted for important confound-
ers, including age, smoking status, environmental
tobacco smoke, BMI, and family history of lung can-
cer. Statistical models addressed clustering effects by
province.

Rating: %%

. Outcome

Assessment of outcome: Lung cancer cases were iden-
tified through a robust linkage to the cancer registry,
medical insurance system, and hospital records, with
further cross-referencing.

Rating: %

Was follow-up long enough for outcomes to occur:
The median follow-up was 3.61 years. While this is
relatively short for cancer outcomes, the large sample
size compensates for limited follow-up.

Rating: %

Adequacy of follow-up of cohorts: 94% of lung cancer
cases were cross-referenced with multiple databases,
ensuring data completeness.

Rating: %

Total Score: 9/9 stars
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The study by Yang et al. (2021) demonstrates a low risk
of bias according to the Newcastle-Ottawa Scale for cohort
studies. Despite a slightly short follow-up duration, the
comprehensive methodology ensures reliable findings.

Study 8: Yang et al. 2021

1. Selection

o Representativeness of the exposed cohort: The cohort
includes women with pregnancy-associated non-
small-cell lung cancer (NSCLC), identified through
the Guangdong Lung Cancer Institute and systematic
literature review. While it captures a rare population,
reliance on case reports introduces potential selec-
tion bias.

Rating: %

o Selectionofthenon-exposedcohort: Thereisnoexplic-
it non-exposed cohort since the study focuses on the
characteristics and outcomes of affected individuals.
Rating: Not applicable.

o Ascertainment of exposure: Diagnoses of NSCLC
were based on pathology, gene mutation analysis, and
clinical records, providing reliable exposure ascer-
tainment.

Rating: %

o Demonstration that outcome of interest was not pres-

ent at start of study: The included cases were identi-
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Comparability of cohorts on the basis of design or
analysis: The study analyzed differences in outcomes
based on genetic mutations (e.g., ALK, EGFR) and
treatment timing, adjusting for confounding factors
like stage at diagnosis and performance status. How-
ever, full adjustment for other potential confounders
(e.g., socioeconomic status) is unclear.

Rating: %%

. Outcome

Assessment of outcome: Outcomes such as over-
all survival and fetal complications were assessed
through medical records, follow-up calls, and sys-
tematic analysis of case reports.

Rating: %

Was follow-up long enough for outcomes to occur:
The study’s follow-up ranged from a few months to
several years, sufficient to observe long-term survival
and treatment outcomes.

Rating: %

Adequacy of follow-up of cohorts: A large propor-
tion of data was obtained from retrospective reports
and not directly from a continuous cohort, leading
to missing information for some cases. However, fol-
low-up for cases from the Guangdong Lung Cancer
Institute appears comprehensive.

Rating: %

fied at the time of NSCLC diagnosis, ensuring out-
comes such as survival and complications were not
pre-existing.
Rating: %

2. Comparability

Total Score: 8/9 stars

The study demonstrates a low-to-moderate risk of bias.
The primary limitation is the lack of a non-exposed cohort
and the reliance on retrospective case reports, which can
introduce heterogeneity and missing data.
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