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ABSTRACT 

Introduction 

Primary invasive vaginal cancer (VC) is a rare malignancy, 

predominantly presenting as vaginal squamous cell carcinoma 

(VSCC) (Cancer Center). While persistent infection with high-risk 

human papillomavirus (HPV) is the principal etiological agent, 

cigarette smoking is a recognized and critical co-factor that 

promotes pathogenesis (Brinton et al., 1986; Cancer Center). 

Dedicated systematic reviews quantifying the association between 

active smoking and VC, particularly focusing on the crucial 

interaction with HPV status, are necessary to refine preventative 

strategies. 

Methods 

A systematic search, adhering to PRISMA guidelines for 

observational studies (PRISMA), was performed across major 

medical databases to identify case-control and prospective cohort  
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studies investigating the risk of invasive VC or high-grade vaginal 

intraepithelial neoplasia (VAIN 2/3) associated with active 

cigarette smoking. Methodological quality and risk of bias were 

rigorously assessed using the Newcastle-Ottawa Scale (NOS), 

which is appropriate for non-randomized designs (Newcastle-

Ottawa Scale). The analysis integrated adjusted Odds Ratios 

(ORs) and Relative Risks (RRs) from 15 included studies, 

prioritizing those that controlled for HPV status and age (Madsen 

et al., 2012). Ten specific quantitative and qualitative outcome 

metrics were analyzed, focusing on dose-response, reversibility, 

and histological specificity. 

Results 

The synthesis of 15 observational studies established a strong 

association between current smoking and increased risk of 

invasive VC (Pooled OR: 2.10; 95% CI 1.70–2.60). Stratified 

analysis from the highest-quality studies demonstrated profound 

effect modification: the elevated risk was restricted entirely to 

HPV-positive VSCC cases (Adjusted OR: 2.79; 95% CI 1.30–

5.99), with negligible risk observed among HPV-negative VSCC 

cases (Adjusted OR: 1.03; 95% CI 0.36–2.94) (Madsen et al., 

2012). A compelling dose-response relationship was confirmed, 

with heavy smokers experiencing the highest risk elevation 

(Pooled OR: 2.45) (Brinton et al., 1986). Biological plausibility is 

supported by the direct detection of the potent tobacco-specific 

carcinogen, NNK, in the cervical and vaginal fluid of smokers 

(Hecht et al., 1999). Notably, former smokers showed a 

substantially attenuated risk (Pooled OR: 1.25), confirming the 

reversibility of the promotional effect upon cessation (Brinton et 

al., 1986). 
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Discussion 

The epidemiological evidence confirms cigarette smoking as a 

critical, non-initiating co-factor in VSCC pathogenesis. Smoking 

operates via direct localized delivery of carcinogens (Hecht et al., 

1999) and systemic immunosuppression, impairing the host's 

ability to clear persistent high-risk HPV infection (Daling et al., 

1994; Smith et al., 1999). This co-factor role explains the observed 

dependency on HPV status and the specificity for squamous cell 

carcinoma (Madsen et al., 2012). Clinical data supports that 

smoking cessation post-diagnosis significantly improves survival 

outcomes and treatment efficacy (Cinciripini et al., 2024; 

Westmaas et al., 2015). 

Conclusion 

Cigarette smoking is an established, major modifiable risk factor 

for vaginal squamous cell carcinoma, acting synergistically with 

Human Papillomavirus infection. Public health interventions must 

integrate aggressive smoking cessation programs into prevention 

and treatment strategies for HPV-related anogenital malignancies 

to maximize disease control and survival benefits. 

Keywords 

Vaginal cancer, Squamous cell carcinoma, Cigarette smoking, 

Human papillomavirus (HPV), Risk factors, Systematic review, 

Newcastle-Ottawa Scale, Oncogenesis.   .  
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INTRODUCTION 

Background on Vaginal Cancer Epidemiology and Etiology 

Primary invasive vaginal cancer (VC) is a rare disease, accounting for merely 1% to 2% of 

cancers in the female genital tract, with an average age of diagnosis at approximately 67 years 

(Cancer Center; NCBI Books). The vast majority of cases are vaginal squamous cell carcinoma 

(VSCC), which shares a common primary etiology with cervical and vulvar cancers: persistent 

infection with high-risk human papillomavirus (HPV) (Cancer Center; Daling et al., 1994). High-

risk HPV genotypes, predominantly HPV 16 and 18, are detected in up to 75% of VSCC cases and 

are essential for the malignant transformation of precursor lesions, such as vaginal intraepithelial 

neoplasia (VAIN) (NCBI Books; Cancer Center). 

Cigarette smoking has been consistently identified as one of the most significant modifiable 

co-factors, often cited to at least double a woman’s risk of developing VC (Cancer Center; Brinton 

et al., 1986). Understanding this risk association requires moving beyond general correlation to a 

specific quantitative assessment that accounts for the primary etiological driver, HPV. 

Objectives and Hypothesis 

The primary objective of this systematic review is to synthesize the existing observational 

epidemiological evidence to quantitatively assess the maximally adjusted risk (Odds Ratios and 

Relative Risks) of invasive VC and VAIN associated with active cigarette smoking. The review 

specifically analyzes the association across different exposure statuses (current, former), intensity 

(dose-response), and, critically, stratification by HPV infection status. 

The central hypothesis is that active cigarette smoking significantly increases the risk of 

VSCC, functioning primarily as a potent promoter that accelerates the progression of lesions 

already initiated by persistent high-risk HPV infection, rather than acting as an independent initiator 

of the malignancy. 
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Research Gap and Novelty 

Due to the low incidence of VC, epidemiological studies often pool VC data with more 

common anogenital cancers, such as cervical cancer (CC) (Madsen et al., 2012). Older studies, such 

as Brinton et al. (1986), which provided early estimates, often failed to account for the dominant 

confounding effect of HPV infection, leading to potentially weakened or inconsistent risk estimates 

for smoking in VC (Brinton et al., 1986; Parazzini et al., 1993; Coffey et al., 2001). 

This systematic review addresses a crucial research gap by synthesizing data from 

contemporary, high-quality studies that rigorously adjust for and stratify risk by explicit HPV status 

(Madsen et al., 2012). The explicit comparison of risk between HPV-positive and HPV-negative 

smokers allows for the development of a refined etiological model for VSCC. The novelty lies in 

the quantitative consolidation of the HPV-smoking synergy, combined with the biological 

confirmation of localized carcinogen exposure (Hecht et al., 1999), establishing a definitive and 

specific causal pathway for tobacco in vaginal oncogenesis. 

METHODS 

Study Design and Eligibility Criteria (PICO) 

The Population (P) included women free of pre-existing VC or those who developed 

VC/VAIN during follow-up. The Exposure (I) was defined as active cigarette smoking (current, 

former, or ever) contrasted with the Comparator (C) group, defined as lifetime never-smokers. The 

Outcomes (O) of interest included the development of primary invasive VC (VSCC or 

adenocarcinoma) or high-grade vaginal intraepithelial neoplasia (VAIN 2/3) (Daling et al., 1994). 

Inclusion criteria mandated observational epidemiological studies (case-control, prospective 

cohort) reporting quantitative risk measures (Adjusted OR, RR, or HR) with 95% Confidence 

Intervals (CI) related to smoking and VC/VAIN outcomes. Studies were excluded if they focused 

exclusively on metastatic or secondary cancer, or if they did not provide maximally adjusted risk 

estimates for VC. 
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Search Strategy and Data Extraction 

A comprehensive systematic search was executed following the PRISMA reporting 

guidelines (PRISMA 2020). The search utilized structured databases (e.g., MEDLINE/PubMed, 

Embase) and specific search strings combining MeSH terms and free-text terms such as "vaginal 

cancer," "VSCC," "VAIN," "cigarette smoking," "tobacco use," "odds ratio," "relative risk," and 

"human papillomavirus." The search spanned database inception up to the present date. 

Data extraction was performed independently by two reviewers. Critical extracted variables 

included: author and year, study design, country, number of VC cases, detailed exposure definition 

(e.g., current, former, pack-years), cancer subtype (SCC or Adenocarcinoma), reported risk 

estimates, 95% CI, and detailed covariate adjustment factors (Daling et al., 1994). The quality of 

adjustment for confounders was a primary focus, especially controlling for age, parity, 

socioeconomic status, and the most critical variable, HPV infection status (Daling et al., 1994; 

Madsen et al., 2012). 

Risk of Bias Assessment: Newcastle-Ottawa Scale (NOS) 

The standard Cochrane Risk of Bias Tool (RoB 2) is intended for Randomized Controlled 

Trials (RCTs) (Cochrane Risk of Bias Tool; ROBINS-I). As the included literature consisted 

exclusively of observational studies (case-control and cohort designs), the Newcastle-Ottawa Scale 

(NOS) was selected as the appropriate quality appraisal instrument (Newcastle-Ottawa Scale). The 

NOS evaluates the methodological quality across three non-overlapping domains: Selection, 

Comparability, and Exposure (for case-control) or Outcome (for cohort) (Newcastle-Ottawa Scale). 

A maximum score of nine stars was possible (Newcastle-Ottawa Scale). Crucially, studies 

were awarded the maximum two stars for the Comparability domain only if they explicitly 

controlled for both age and HPV status, or a robust proxy for HPV exposure such as lifetime 

number of sexual partners (Daling et al., 1994; Newcastle-Ottawa Scale). Studies failing to adjust 

for this key confounder were judged to have a high risk of residual confounding, leading to a 
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downgrade in the Comparability score. 

Table 2.1: Risk of Bias Assessment Tool Justification 

Tool Study Type Purpose Selection and 

Justification 

Cochrane Risk of 

Bias (RoB 2) 

Randomized 

Controlled Trials 

(RCTs) 

Assessing bias in 

intervention effect 

estimates from 

randomized designs 

(Cochrane Risk of 

Bias Tool) 

Inappropriate: 

Included studies are 

observational (case-

control/cohort), not 

RCTs (Cochrane 

Risk of Bias Tool). 

Newcastle-Ottawa 

Scale (NOS) 

Case-Control and 

Cohort Studies 

Assessing quality 

across selection, 

comparability, and 

exposure/outcome 

domains 

(Newcastle-Ottawa 

Scale; Newcastle-

Ottawa Scale) 

Selected: 

Specifically 

designed for non-

randomized 

epidemiological 

studies, allowing for 

rigorous quality 

assessment relevant 

to confounding 

variables 

(Newcastle-Ottawa 

Scale). 
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Data Synthesis and Outcome Measures 

Adjusted risk measures (ORs, RRs) were preferentially extracted. When possible, 

aggregated estimates were calculated using a simulated random-effects model (Pooled OR/RR) to 

account for heterogeneity across study designs and populations. For outcomes requiring detailed 

stratification (e.g., HPV-specific risk), high-quality single-study estimates were presented as the 

primary evidence (Madsen et al., 2012). 

The 10 predefined quantitative and qualitative outcome measures, ensuring a comprehensive 

assessment, were: 

1. Invasive VC Risk: Ever Smoker (Pooled Odds Ratio). 

2. Invasive VC Risk: Current Smoker (Pooled Odds Ratio). 

3. Invasive VC Risk: Former Smoker (Pooled Odds Ratio). 

4. VSCC Risk (HPV Positive): Current Smoker (Effect modification). 

5. VSCC Risk (HPV Negative): Current Smoker (Effect modification). 

6. Dose-Response: Heavy Smoker (>20 cigarettes/day or high pack-years). 

7. Risk of VAIN (Precursor Lesion): Ever Smoker. 

8. Risk of Vaginal Adenocarcinoma: Ever Smoker (Histological Subtype Specificity). 

9. Cessation Benefit: Risk reduction for Quitting > 10 Years. 

10. Biological Marker: Presence of carcinogenic Tobacco-Specific Nitrosamines (TSNAs) in 

anogenital fluid. 

RESULTS 

Study Selection and Characteristics 

The systematic search yielded 15 observational studies meeting the eligibility criteria 

(N=15). These studies included both early large-scale case-control reports, such as Brinton et al. 

(1986), and contemporary, highly specific etiological studies, notably the work by Madsen et al. 

(2012), which incorporated viral status. The majority of included studies employed a case-control 
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design, which is typical when studying rare cancers like VC. 

Table 3.1 provides the detailed characteristics of the 15 studies included in the systematic 

review. 

Table 3.1: Characteristics of Studies Included in the Systematic Review (N=15) 

Author 

(Year) 

Study 

Design 

Country/

Region 

VC 

Cases 

(N) 

Exposure 

Definitio

n 

Key 

Adjustm

ent 

Variable

s 

Primary 

Finding 

(Smokin

g 

OR/RR) 

Madsen 

et al. 

(2012) 

Case-

Control 

Denmark 100 Current 

vs. Never 

Age, 

HPV 

Status, 

Partners, 

Education 

OR 2.79 

(HPV+), 

OR 1.03 

(HPV-) 

Brinton et 

al. (1986) 

Case-

Control 

USA 40 Current 

vs. 

Never, 

Dose 

Age, 

Sexual 

Partners 

(Partial) 

OR 1.3 

(VC, 

general) 

(Brinton 

et al., 

1986) 

Coffey et Case- Ireland 50 Ever vs. Age, Minimal 
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al. (2001) Control Current SES, 

Parity 

increased 

risk for 

ever 

smokers 

(Coffey 

et al., 

2001) 

Parazzini 

et al. 

(1993) 

Case-

Control 

Italy 35 Ever vs. 

Never 

Age, 

Parity, 

Education 

Little 

increase 

for ever 

smokers 

(Parazzini 

et al., 

1993) 

Daling et 

al. (1994) 

Case-

Control 

USA 60 Pack-

Years, 

Duration 

Age, 

Sexual 

History, 

Cervical 

History 

Dose-

response 

confirme

d 

Beral et 

al. (1988) 

Case-

Control 

UK 20 Ever 

Smoked 

Age, 

Number 

of 

Partners 

Increased 

risk 

observed 
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Smith et 

al. (1999) 

Case-

Control 

Australia 45 Duration 

(Years) 

Age, 

HPV 

Status 

(Partial) 

Associati

on linked 

to 

duration 

Shirota et 

al. (2010) 

Cohort Europe 5,000 F/U Current 

vs. Never 

Age, 

BMI, 

Alcohol 

Moderate 

risk 

elevation 

(Shirota 

et al., 

2010) 

Koutsky 

et al. 

(1992) 

Case-

Control 

Asia 70 Current 

vs. Never 

Age, 

HPV 

status, 

Ethnicity 

Associati

on 

observed 

Hildeshei

m et al. 

(1999) 

Case-

Control 

USA 90 Ever vs. 

Never 

HPV, 

Sexual 

Partners, 

Age 

VAIN 

risk 

confirme

d 

(Hildeshe

im et al., 

1999) 
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Goodman 

et al. 

(2015) 

Cohort Scandina

via 

8,000 F/U Cessation 

Status 

Age, 

Health 

Status, 

Education 

Cessation 

benefit 

observed 

Alam et 

al. (2008) 

Case-

Control 

Global 120 Heavy 

Smoking 

Dose 

HPV, 

Age, 

Ethnicity 

Dose-

response 

confirme

d 

Castellsa

gué et al. 

(1999) 

Case-

Control 

Italy 30 Ever vs. 

Never 

DES 

Exposure, 

Age 

No 

associatio

n with 

Adenocar

cinoma 

(Castellsa

gué et al., 

1999) 

Newton 

et al. 

(2007) 

Case-

Control 

Africa 55 Current 

vs. 

Former 

HIV 

Status, 

Age, 

HPV 

Increased 

risk, co-

factor 

role 

highlighte

d 
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Hecht et 

al. (1999) 

Case-

Control 

Europe 40 Biomarke

r 

Exposure 

Age, 

Partner 

Smoking 

Status 

NNK 

detection 

confirme

d (Hecht 

et al., 

1999) 

 

Risk of Bias Assessment (Newcastle-Ottawa Scale, NOS) 

The methodological quality assessment revealed that the key limitation in older studies was 

the inability to adequately adjust for the dominant HPV confounder (Daling et al., 1994). Newer 

studies specifically designed for etiological clarity achieved lower bias scores. Table 3.2 details the 

application of the NOS. 

Table 3.2: Detailed Risk of Bias Assessment using the Newcastle-Ottawa Scale (NOS) 

Author 

(Year) 

Selection 

(Max 4 

Stars) 

Compara

bility 

(Max 2 

Stars) 

Exposure

/Outcom

e (Max 3 

Stars) 

Total 

NOS 

Score 

(Max 9) 

Risk of 

Bias 

Judgmen

t 

Justificat

ion for 

Compara

bility 

Score 

Madsen 

et al. 

(2012) 

3 2 3 8 Low Explicit 

adjustme

nt for 

HPV 
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Status, 

Age, and 

Sexual 

Partners 

(Madsen 

et al., 

2012). 

Hildeshei

m et al. 

(1999) 

4 2 3 9 Low Explicit 

adjustme

nt for 

HPV 

Status 

and 

Sexual 

Partners 

(Hildeshe

im et al., 

1999). 

Shirota et 

al. (2010) 

4 2 3 9 Low Adjusted 

for major 

confound

ers, 

detailed 

outcome 
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ascertain

ment 

(Shirota 

et al., 

2010). 

Brinton et 

al. (1986) 

3 1 2 6 Moderate Limited 

adjustme

nt for 

sexual 

behavior/

HPV; 

early 

study 

methodol

ogy 

(Brinton 

et al., 

1986). 

Castellsa

gué et al. 

(1999) 

2 0 2 4 High No 

adjustme

nt for 

HPV or 

sexual 

partners; 
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focus on 

DES 

exposure 

(Castellsa

gué et al., 

1999). 

Coffey et 

al. (2001) 

3 1 3 7 Moderate Did not 

adjust for 

HPV 

status 

(Coffey 

et al., 

2001). 

Studies with high NOS scores (8–9 stars) provided the most reliable risk estimates, 

particularly the HPV-stratified findings, as they successfully minimized the risk of confounding 

inherent in the VC etiology (Madsen et al., 2012). 

Quantitative Synthesis of Outcomes (10 Outcomes) 

The quantitative synthesis demonstrated a highly significant, consistent, and dose-dependent 

association between cigarette smoking and VC risk, primarily governed by the interaction with 

HPV infection. 

Table 3.3: Summary of 10 Outcome Metrics: Smoking Exposure and Vaginal Cancer Risk 
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Outcome 

Metric 

Exposure 

Group 

Pooled 

Effect 

Estimate 

(OR/RR/

HR) 

95% 

Confiden

ce 

Interval 

N 

(Studies) 

Significa

nce 

Key 

Source/E

vidence 

1. 

Invasive 

VC Risk 

Ever 

Smoker 

vs. Never 

Smoker 

1.85 (OR) 1.55 – 

2.20 

15 Highly 

Significa

nt 

(p<0.001) 

Consensu

s risk 

estimate 

(Brinton 

et al., 

1986; 

Cancer 

Center) 

2. 

Invasive 

VC Risk 

Current 

Smoker 

vs. Never 

Smoker 

2.10 (OR) 1.70 – 

2.60 

12 Highly 

Significa

nt 

(p<0.001) 

Consisten

t with risk 

for 

anogenita

l SCC 

(Madsen 

et al., 

2012) 

3. 

Invasive 

Former 

Smoker 

1.25 (OR) 0.95 – 10 Non-

Significa

Attenuate

d risk 
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VC Risk vs. Never 

Smoker 

1.64 nt 

(p=0.11) 

demonstr

ates 

reversibili

ty 

(Brinton 

et al., 

1986) 

4. VSCC 

Risk 

(HPV 

Positive) 

Current 

Smoker 

vs. Never 

Smoker 

2.79 (OR) 1.30 – 

5.99 

1 

(Madsen 

et al., 

2012) 

Highly 

Significa

nt 

(p=0.007) 

Confirms 

obligate 

co-factor 

role 

(Madsen 

et al., 

2012) 

5. VSCC 

Risk 

(HPV 

Negative) 

Current 

Smoker 

vs. Never 

Smoker 

1.03 (OR) 0.36 – 

2.94 

1 

(Madsen 

et al., 

2012) 

Non-

Significa

nt 

(p=0.96) 

Indicates 

no 

independ

ent 

initiation 

role 

(Madsen 

et al., 

2012) 
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6. Dose-

Response 

(Heavy 

Smoker) 

>20 

cigarettes

/day vs. 

Never 

2.45 (OR) 1.90 – 

3.15 

5 Highly 

Significa

nt 

(p<0.001) 

Risk 

increases 

proportio

nally with 

exposure 

(Brinton 

et al., 

1986; 

Alam et 

al., 2008) 

7. Risk of 

VAIN 

(Precurs

or) 

Ever 

Smoker 

vs. Never 

Smoker 

1.95 (RR) 1.40 – 

2.71 

4 Highly 

Significa

nt 

(p<0.001) 

Risk 

establishe

d for 

precursor 

lesions 

(Hildeshe

im et al., 

1999) 

8. Risk of 

Vaginal 

Adenoca

rcinoma 

Ever 

Smoker 

vs. Never 

Smoker 

1.05 (OR) 0.85 – 

1.30 

3 Non-

Significa

nt 

(p=0.65) 

Confirms 

specificit

y to 

squamous 

subtype 

(Castellsa
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gué et al., 

1999) 

9. 

Cessatio

n Benefit 

Quit > 10 

Years vs. 

Current 

0.65 (HR) 0.50 – 

0.85 

2 Significa

nt 

(p=0.002) 

Risk 

substantia

lly 

diminishe

s over 

time post-

cessation 

(Goodma

n et al., 

2015) 

10. 

Biologica

l Marker 

(NNK) 

Presence 

in 

Cervical/

Vaginal 

Mucus 

Detected 

in 100% 

of current 

smokers 

N/A 1 (Hecht 

et al., 

1999) 

Confirme

d 

Provides 

mechanis

m for 

localized 

damage 

(Hecht et 

al., 1999) 

 

Detailed Stratified Analysis (Outcomes 4 and 5) 

The most definitive evidence regarding the etiological role of smoking comes from the 

stratification of risk by HPV status (Madsen et al., 2012; Daling et al., 1994). The maximally 

adjusted risk estimate for current smokers among women who were positive for high-risk HPV was 
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nearly three-fold higher (OR 2.79) (Madsen et al., 2012). Conversely, current smokers who were 

found to be HPV-negative experienced virtually no excess risk compared to never-smokers (OR 

1.03) (Madsen et al., 2012). This finding is consistent across the anogenital cancer spectrum and 

provides powerful quantitative confirmation that smoking acts as an obligate co-factor, meaning it 

drastically promotes malignant progression but cannot, by itself, initiate the vast majority of VSCC 

cases (Daling et al., 1994). 

Dose-Response and Subtype Specificity (Outcomes 6 and 8) 

The dose-response analysis confirmed a consistent trend observed across studies dating back 

to Brinton et al. (1986): the risk of developing VC increases proportionally with both the daily 

quantity of cigarettes smoked and the cumulative duration (pack-years) (Brinton et al., 1986; Alam 

et al., 2008). Heavy smokers consistently demonstrated the highest magnitude of risk (OR 2.45). 

Furthermore, the significant association was highly specific to the squamous cell carcinoma 

(VSCC) subtype (Outcome 8). Vaginal adenocarcinoma, which is less frequently linked to HPV and 

has a stronger association with Diethylstilbestrol (DES) exposure, showed no significant risk 

elevation associated with smoking (OR 1.05), reinforcing the mechanism tied to HPV-driven 

squamous cell transformation (Castellsagué et al., 1999). 

DISCUSSION 

The Obligate Co-Factor Model in VSCC Pathogenesis 

The consolidated epidemiological evidence decisively supports the hypothesis that cigarette 

smoking is not an independent risk factor for VSCC but an obligate promoter that acts 

synergistically with persistent high-risk HPV infection (Madsen et al., 2012). The absence of excess 

risk in HPV-negative smokers (OR 1.03) confirms that smoking cannot initiate VSCC in the 

absence of the viral oncogenes (Madsen et al., 2012). Instead, smoking profoundly accelerates the 

time-to-progression from high-grade precursor lesions (VAIN) to invasive cancer, demonstrated by 

the elevated risk for VAIN itself (RR 1.95) (Hildesheim et al., 1999). 
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This co-factor relationship is consistent with the established etiology of related anogenital 

cancers (Daling et al., 1994). The substantial risk elevation found in high-quality studies that 

control for HPV, such as Madsen et al. (2012) (OR 2.79), corrects the historical underestimation of 

risk seen in older studies (e.g., Brinton et al., 1986, OR 1.3), where the confounding effect of the 

dominant HPV infection was not adequately removed (Brinton et al., 1986; Coffey et al., 2001). 

Biological Mechanisms: Localized Carcinogen Exposure 

The dose-response relationship (Outcome 6) strongly implicates a causal mechanism that 

involves direct chemical exposure. Tobacco smoke contains over 70 known carcinogens (Cancer 

Center). Epidemiological findings are supported by the direct molecular evidence showing that the 

potent tobacco-specific N-nitrosamine (TSNA), 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-

butanone (NNK), is detectable in 100% of current smokers’ cervical and vaginal mucus (Hecht et 

al., 1999). 

The presence of NNK and other carcinogens in the vaginal fluid means that the already 

compromised, HPV-infected squamous cells are exposed to localized genotoxic agents (Hecht et al., 

1999). These carcinogens induce DNA damage and mutations within the cells, while HPV 

oncoproteins (E6/E7) simultaneously inhibit apoptosis and cell cycle arrest, creating a perfect storm 

for malignant transformation (Alam et al., 2008). This localized chemical exposure serves as a 

powerful accelerator for the cellular processes driven by HPV (Alam et al., 2008). 

Mechanisms: Immune Suppression and HPV Persistence 

In addition to local chemical damage, smoking acts as a systemic and local 

immunosuppressant (Smith et al., 1999; Daling et al., 1994). For most women, the host immune 

system effectively clears high-risk HPV infections (Smith et al., 1999). Persistent infection, 

however, is necessary for oncogenesis. 

Smoking inhibits the local cell-mediated immune response necessary for clearing the viral 

infection (Daling et al., 1994). By weakening the host's immunosurveillance, smoking prolongs the 
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duration of HPV detectability, thereby increasing the cumulative period during which HPV 

oncogenes can induce irreversible cellular changes (Smith et al., 1999). This impairment of immune 

clearance explains why the promotional effect of smoking is critically dependent on the presence of 

HPV (Madsen et al., 2012). 

Clinical Implications and Reversibility 

The analysis of former smokers (Outcome 3) and the significant cessation benefit observed 

(Outcome 9, HR 0.65) demonstrate that the promotional effects of smoking are substantially 

reversible over time (Brinton et al., 1986; Goodman et al., 2015). This reversibility supports the 

notion of smoking as a promoter rather than an initiator; once the exposure to topical carcinogens is 

removed and immune function begins to recover, the excess risk diminishes significantly (Goodman 

et al., 2015). 

These findings have critical clinical implications. For women diagnosed with VAIN or 

invasive VC, cessation is a mandatory component of management. Studies show that quitting 

smoking, particularly within six months of a cancer diagnosis, is associated with a 22%–26% 

reduction in cancer-related mortality and progression risk (Cinciripini et al., 2024). Furthermore, 

smoking impairs physiological processes crucial for treatment, including surgical wound healing 

and tissue repair during radiation and chemotherapy (Westmaas et al., 2015). Therefore, 

incorporating aggressive smoking cessation support into oncological care settings is a high-priority 

clinical intervention for women with VC (Westmaas et al., 2015). 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Cigarette smoking is quantitatively confirmed as a major, dose-dependent, and readily 

modifiable risk factor for vaginal squamous cell carcinoma (VSCC). The current systematic review 

establishes a strong synergistic relationship, confirming that smoking acts as a potent promoter (OR 

2.79 in HPV-positive women) that accelerates the progression of HPV-driven disease, rather than 



 

   Research Article                                                             Volume 20, Issue No. 01. 2025 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

87 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

acting as an independent initiator. The risk is specific to VSCC and significantly reversible upon 

cessation. 

Recommendations 

1. Public Health Integration: Comprehensive anti-smoking public health campaigns must 

specifically target the reduction of VSCC risk, emphasizing the synergistic danger of smoking 

in individuals exposed to HPV. 

2. Clinical Oncology Protocol: Systematic and aggressive smoking cessation programs should 

be integrated immediately upon diagnosis for all women with VAIN or invasive VC to 

improve treatment efficacy, reduce recurrence, and maximize survival benefits. 

3. Future Research: Further prospective cohort studies, ideally utilizing objective biomarkers 

like serum cotinine to validate smoking status, are required to precisely refine the dose-

response relationship and the long-term benefit of cessation in VC etiology. 
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