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ABSTRACT

Background: This study evaluated the risk of human papillomavirus (HPV)-associated
gynecologic cancers in women with rheumatic diseases (RD) during their childbearing years.
Methods: Using the Korean National Health Insurance Service-National Health Information
Database (2011-2021), we conducted a cohort study of 40,514 women with RD and 199,366
women without RD aged 2049 years. The RD cohort included 9,932 women with systemic
lupus erythematosus (SLE), 23,731 with seropositive rheumatoid arthritis (SPRA), and 6,851
with ankylosing spondylitis (AS). Incidence rates and hazard ratios (HRs) for HPV-associated
gynecologic cancers, including cervical intraepithelial neoplasia grade 3, and cervical,
vaginal, and vulva cancers, were estimated using Cox regression.

Results: Over the mean (standard deviation) follow-up period of 67.5 (37.7) months, the
incidence rate of HPV-associated gynecologic cancers was 111.5/100,000 person-years in the
RD cohort and 73.2/100,000 person-years in the non-RD cohort. The incidence rate/100,000
person-years of HPV-associated gynecologic cancers in the RD subcohorts was higher in

SLE (223.6) and SPRA (83.1) and lower in AS (69.1) than in the non-RD cohort. The fully
adjusted HR for HPV-associated gynecologic cancers was higher in the RD cohort (HR, 2.95;
95% confidence interval [CI], 2.44-3.57) and all the RD subcohorts (SLE: HR, 1.85; 95% CI,
1.33-2.57, SPRA: HR, 4.10; 95% CI, 3.03-5.55, and AS: HR, 1.91; 95% CI, 1.06-3.43). After
adjusting for comorbidities and medication use, hazard ratios increased in SPRA and AS but
decreased in SLE.

Conclusion: Korean women of childbearing age with RD have a threefold increased risk for
HPV-associated gynecologic cancers compared with those without RD. Comorbidities and
medication use in SLE may influence the risk. Improved screening strategies are needed for
these women.
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INTRODUCTION

Human papillomavirus (HPV) is the most prevalent sexually transmitted infection in the
general population.! The global prevalence rate of genital HPV infection in women is 2-44%,
with the highest rates of incident and persistent infections observed in women aged 24-34
years.1 HPV is a major cause of cervical cancer, which is one of the leading causes of cancer-
related deaths among women globally.2 Persistent high-risk HPV infection is a major risk
factor for the development of HPV-associated gynecologic cancers in women. However,
behavioral factors and comorbidities, such as risky sexual behaviors, concomitant sexually
transmitted infections, tobacco smoking, and immunosuppression, also increase the risk for
HPV-associated gynecologic cancer.3”

Immunocompromised women with rheumatic diseases (RD) have been reported to have a
higher risk for gynecologic cancers associated with HPV infection. Women with systemic
lupus erythematosus (SLE) and rheumatoid arthritis (RA) are at an increased risk for
developing high-grade cervical dysplasia and cervical cancer,813 and vaginal and vulva
cancers.14 Furthermore, immunosuppressive medications used to treat severe SLE, such as
cyclophosphamide, mycophenolate mofetil, azathioprine, and high doses of corticosteroids,
can increase the risk for cervical dysplasia in a cumulative dose-dependent manner, resulting
in persistent HPV infection.’1518 RA, SLE, and ankylosing spondylitis (AS) are types of

RD that frequently occur in women of childbearing age!9-21; however, their risk for HPV-
associated gynecologic cancers is not yet fully understood.

The objective of this study was to evaluate the risk of HPV-associated gynecologic cancers and
to determine the impact of comorbidities and medication use on this risk in Korean women
with RD during their childbearing years compared to those without RD.

METHODS

Study design and data source

This cohort study was conducted using data from the Korean National Health Insurance
Service-National Health Information Database (NHIS-NHID) between 2009 and 2021. The
Korean NHIS is a single insurer that provides coverage for most of the Korean population.
The NHIS-NHID is composed of five databases, namely eligibility, national health screening,
healthcare utilization, long-term care insurance, and healthcare provider databases, which
include information on income-based insurance contributions, residential districts, national
health screening, inpatient and outpatient healthcare utilization (diagnosis and treatment),
claims data, and healthcare providers.22 The NHID provides data on an annual basis,
spanning from 2002 to the present.22

Data collected between January 1, 2009, and December 31, 2021, were used for this study.
In 2009, the Republic of Korea subsidized medical expenses for patients with rare and
intractable diseases through a copayment assistance policy, the Individual Copayment
Beneficiaries Program (ICBP); RD, including SLE, seropositive rheumatoid arthritis (SPRA),
and AS, were designated as rare diseases covered by this program. Under the ICBP, the
NHIS established a registration program that included codes for targeted diseases classified
according to the Korean Standard Classification of Diseases-7 (based on the International
Classification of Diseases, 10th Revision [ICD-10]), date of definitive diagnosis, and
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confirmatory diagnostic tests. Data after January 1, 2009, were used assuming that all
patients with SPRA, SLE, and AS were accurately coded, compared to the previous NHID
period from 2002 to 2008, as the ICBP registration required the classification criteria for a
definitive diagnosis.

Study cohorts

Women of childbearing age (defined as women between the ages of 20 and 49 years) with
and without RD were selected. The RD cohort included SLE, SPRA, and AS, identified with
the diagnostic codes M05, M32, and M45, respectively, based on the ICD-10 codes in the
NHIS-NHID (2011-2021). Women with SLE, SPRA, and AS were included within the RD
cohort as subcohorts, as they are representative diseases that occur frequently in women of
childbearing age. The start of the follow-up period (i.e., the index date) was defined as the
date of the first RD code identification. Women with HPV-associated gynecologic cancer
within 12 months before the index date were excluded. HPV-associated gynecologic cancers
included cervical intraepithelial neoplasia grade 3, cervical cancer, vaginal cancer, and vulva
cancer identified with the ICD-10 codes D06, C53, C52, and C519, respectively. These cancers
were included based on evidence pointing toward the increased risk for these cancers in
patients with SLE and RA.812

The non-RD cohort comprised women of childbearing age who did not have RD, including
SLE, SPRA, and AS, in the NHIS-NHID (2011-2021) database. Women in the non-RD cohort
were matched by age and index date with women in the RD cohort and were randomly
sampled in a 1:5 ratio. In the non-RD cohort, women matched by age and index date with
women with SLE, SPRA, or AS were selected to serve as controls for each RD subcohort.

Women in the RD and non-RD cohorts were followed up until the earliest occurrence of any
of the following events: development of HPV-associated gynecologic cancer, the end of the
study database (2021), or death.

Outcome measures

The primary outcome measure was the development of HPV-associated gynecologic cancer. In
addition, variables potentially associated with the risk for HPV-associated gynecologic cancer
were assessed at baseline and during the follow-up period. Age, income, medical insurance,
residential district, comorbidities, smoking status, and preventive medical service utilization
were assessed at baseline. The age, income, medical insurance, and residential district data
were obtained at the index date. Comorbidities, including hypertension, diabetes mellitus,
hyperlipidemia, and cancer, were identified with the ICD-10 codes 110-12/15, E10-14, E78, and
C*, between 1 and 24 months before the index date. Smoking and preventive medical service
utilization data were obtained from the NHIS health screening database within 24 months
closest to the index date. Variables for the preventive medical service utilization included NHIS
health screening and NHIS Papanicolaou (Pap) smear recipients.

During the follow-up period, the same comorbidities and preventive medical service
utilization data assessed at baseline were evaluated in addition to the use of medication
and healthcare utilization. Medications included nonsteroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, hydroxychloroquine, cyclophosphamide, immunosuppressants,
and biologics. Immunosuppressants included methotrexate, leflunomide, azathioprine,
cyclosporin, tacrolimus, mizoribine, and mycophenolate mofetil. The number of
immunosuppressants used was also assessed. Biologics included etanercept, adalimumab,
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infliximab, golimumab, abatacept, tocilizumab, rituximab, ustekinumab, secukinumab,
ixekizumab, tofacitinib, baricitinib, and upadacitinib. Variables included in healthcare
utilization were the total number of outpatient department (OPD) and obstetrics and
gynecology (OB/GYN) OPD visits during the follow-up period.

Statistical analysis

A descriptive analysis was performed to summarize the baseline and follow-up characteristics
of the cohorts. Categorical variables are presented as frequencies and percentages, and
continuous variables are presented as the mean + standard deviation (SD). The baseline and
follow-up characteristics of the RD and non-RD cohorts, as well as the RD subcohorts and
their controls, were compared using the y? test for categorical variables and the Student’s
t-test for continuous variables. The incidence rates (IRs) of HPV-associated gynecologic
cancer in the RD cohort, non-RD cohort, and the RD subcohorts were calculated per 100,000
person-years (PYs) with a 95% confidence interval (CI) during the follow-up period. Kaplan—
Meier curves were plotted for the cumulative incidence of HPV-associated gynecologic cancer
in the RD cohort, non-RD cohort, and the RD subcohorts. Unadjusted and multivariate Cox
proportional hazard models, which adjusted for multiple potential confounders associated
with HPV infection, were used to compare the risk of HPV-associated gynecologic cancer

in the RD cohort and subcohorts with the non-RD cohort and RD subcohort controls,
respectively. Adjusted potential confounders associated with HPV infection included income
level, medical insurance type, residential district, comorbidities, preventive medical service
utilization at baseline and during the follow-up period, and comorbidities and medication
use (immunosuppressant use, number of immunosuppressants used, NSAID use) during
follow-up. All statistical analyses were performed using Statistical Analysis Software version
9.4 (SAS Institute Inc., Cary, NC, USA). A P < 0.05 was considered statistically significant.

Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board of
the National Health Insurance Service Ilsan Hospital, South Korea (NHIMC 2024-01-007),
and the study was conducted according to the principles of the Declaration of Helsinki. Since
the database used in this study contains anonymized data for research purposes, informed
consent was not required.

RESULTS

Characteristics of the study cohorts

The study included 41,514 women of childbearing age with RD, including 9,932 women with
SLE, 23,731 with SPRA, and 6,851 with AS, as well as 199,366 women without RD. Table 1
shows the baseline characteristics of the study cohorts. The mean follow-up duration was
similar in the RD and non-RD cohorts, 67.5 + 37.7 and 67.7 + 37.7 months, respectively. Since
age was matched, the mean age was similar in the RD (37.5 £ 8.8 years) and non-RD (37.4 +
8.8 years) cohorts; however, the patients with SLE (33.2 £ 9.4 years) and AS (34.4 £ 8.5 years)
were younger and those with SPRA (40.1 + 7.4 years) were older than women without RD. In
addition, patients in the SLE, SPRA, and AS subcohorts mostly belonged to the age groups
0f20-24, 45-49, and 35-39 years, respectively. The RD cohort included more women in the
lower-income segment and on medical aid than the non-RD cohort. Comorbidities and
preventive medical service utilization were higher in the RD cohort than the non-RD cohort.
Smoking status was not significantly different between the RD and non-RD cohorts.
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Characteristics recorded during the follow-up period are shown in Table 2. All comorbidities
and medication use were higher in the RD cohort than in the non-RD cohort. The same
pattern of comorbidities and medication use was observed in the RD subcohorts compared
with their controls, except for cyclophosphamide use in the AS subcohort, which was not
significantly different compared with the control. The total number of OPD and OB/GYN
OPD visits was higher in the RD cohort than the non-RD cohort (23.0 + 20.6 vs. 11.3 +12.6
and 1.5 + 3.8 vs. 1.4 £ 3.3, respectively) (all P < 0.0001). The number of Pap smear tests
undergone/10 years was also higher in the RD cohort than in the non-RD cohort (1.13 +2.12
vs. 1.07 +£2.09, P < 0.0001). However, the number of NHIS health screenings undergone/10
years was not significantly different between the RD and non-RD cohorts (2.17 + 3.25 vs. 2.17
+3.30, P=0.927). Among the RD subcohorts, the total number of OPD and OB/GYN OPD
visits/year was higher in all RD subcohorts than their controls, with the exception of the
total number of OB/GYN visits/year in the SPRA subcohort, which was similar to the number
in its control. The number of NHIS health screenings and Pap smear tests undergone were
significantly different among the RD subcohorts. The number of NHIS health screenings
undergone/10 years was lower in the SLE and higher in the SPRA subcohorts than in their
respective controls, but not different in the AS subcohort. In contrast, the number of Pap
smear tests undergone/10 years was higher in the SPRA and AS subcohorts than their
respective controls, but not different in the SLE subchohort.

Incidence rates and cumulative incidence of HPV-associated gynecologic
cancers

The follow-up period was 67.5 + 37.7 months, during which the IR of HPV-associated
gynecologic cancers between the cohorts was 111.5/100,000 PYs in the RD cohort and
73.2/100,000 PYs in the non-RD cohort. Among the RD subcohorts, the IR/100,000 PYs of
HPV-associated gynecologic cancers was higher in women with SLE (223.6) and SPRA (83.1)
than their respective controls; however, it was lower in women with AS (69.1) (Fig. 1A).
Kaplan-Meier curves comparing the cumulative incidence of HPV-associated gynecologic
cancers between the RD and non-RD cohorts revealed similar results, showing an increased
risk for HPV-associated gynecologic cancers in the RD cohort, with the highest cumulative
incidence observed in the SLE subcohort (Fig. 1B).

Risk of HPV-associated gynecologic cancers

The unadjusted hazard ratios (HRs) with 95% CI for HPV-associated gynecologic cancers were
increased in the RD cohort (HR, 1.83; 95% CI, 1.42-2.6), including the SLE (HR, 2.00; 95% CI,
1.15-3.45) and SPRA (HR, 2.68; 95% CI, 1.81-3.97) subcohorts but not the AS subcohort (HR,
0.77; 95% CI, 0.44-1.36). After full adjustment for possible confounders, the HRs for HPV-
associated gynecologic cancers were increased in the RD cohort (HR, 2.95; 95% CI, 2.44-3.57)
and all RD subcohorts (SLE: HR, 1.85; 95% CI, 1.33-2.57, SPRA: HR, 4.10; 95% CI, 3.03-5.55,
and AS: HR, 1.91; 95% CI, 1.06-0.43). In the RD subcohorts, the HR was reduced in the SLE
subcohort but increased in the SPRA and AS subcohorts after adjustment for comorbidities and
medication use during the follow-up period (Fig. 2, Supplementary Table 1).

Sensitivity analysis

Supplementary Fig. 1 demonstrates the possible effect of residual confounding on our
findings, evaluated using the rule-out method.23 Unless there are exceptionally strong risk
factors for HPV-associated gynecologic cancers that are unmeasured and unaccounted for
between the cohorts in our fully adjusted models, the increased HRs associated with SLE,
RA, and AS cannot be attributed to residual confounding.
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Fig. 1. Incidence rates and cumulative incidence of HPV-associated gynecologic cancers. IRs per 100,000 person-years (A) and Kaplan-Meier curves for the
cumulative incidence (B) of HPV-associated gynecologic cancers. The RD and non-RD cohorts are matched for age and index date. HPV-associated gynecologic
cancers included cervical intraepithelial neoplasia grade 3, cervical cancer, vaginal cancer, and vulva cancer. The RD cohort included patients with SLE, SPRA,

and AS.

IR = incidence rate, HPV = human papillomavirus, RD = rheumatic diseases, SLE = systemic lupus erythematosus, SPRA = seropositive rheumatoid arthritis,
AS = ankylosing spondylitis, CI = confidence interval.
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DISCUSSION

This is the first study to evaluate the risk for HPV-associated gynecologic cancers among
women of childbearing age with RD. After adjusting for possible confounders, this study
found that Korean women of childbearing age with RD have a threefold higher risk for HPV-
associated gynecologic cancers than those without RD.

This study demonstrated that the IR of HPV-associated gynecologic cancers in Korean
women of childbearing age with RD was 111.5/100,000 PYs, which is approximately 1.6 times
higher than the IR of age-matched women without RD (73.2/100,000 PYs). A direct comparison
of the IR of HPV-associated gynecologic cancer between women of childbearing age with

RD with RD of all ages is challenging. However, it has been reported that women aged > 18
years with systemic inflammatory diseases have an IR of 94.2/100,000 PYs of high-grade
cervical dysplasia and cervical cancer.8 This rate is lower than the IR of HPV-associated
gynecologic cancers in women of childbearing age with RD found in this study. Additionally,
after adjusting for potential confounders such as demographics, preventive medical service
utilization, comorbidities, and medication use, this study found that women of childbearing
age with RD have a 2.95 times greater risk of developing HPV-associated gynecologic cancers,
whereas Kim et al.8 reported that women aged > 18 years with SLE and RA had a 1.5 times
greater risk of high-grade cervical dysplasia and cervical cancer than those without systemic
inflammatory diseases. These findings suggest that women of childbearing age with RD seem
to be at a higher risk than women of all ages with RD.

In addition, this study found that women of childbearing age with SPRA have the highest risk
of developing HPV-associated gynecologic cancers with an HR of 2.95, followed by those with

https://doi.org/10.3346/jkms.2025.40.e95 8/13
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Fig. 2. HRs for HPV-associated gynecologic cancers: multivariate Cox regression models. A step down in HR after
adjusting for variables in each model indicates that the adjusted variables increased the risk, whereas a step up
in HR indicates that the adjusted variables decreased the risk.

Model 1 was adjusted for income level, medical insurance type, residential district, comorbidities, and preventive
medical service utilization at baseline. Model 2 was adjusted for healthcare and preventive medical service
utilization during the follow-up period in addition to the variables in Model 1. Model 3 (fully adjusted model) was
adjusted for comorbidities and medication use (immunosuppressant use, number of used immunosuppressants,
NSAID use) during follow-up in addition to the variables in Model 2. The RD and non-RD cohorts were matched
for age and index date. HPV-associated gynecologic cancers included cervical intraepithelial neoplasia grade 3,
cervical cancer, vaginal cancer, and vulva cancer. The RD cohort included patients with SLE, SPRA, and AS.

HR = hazard ratio, HPV = human papillomavirus, NSAID = non-steroidal anti-inflammatory drug, RD = rheumatic
diseases, SLE = systemic lupus erythematosus, SPRA = seropositive rheumatoid arthritis, AS = ankylosing
spondylitis, Cl = confidence interval.

AS and SLE (HR of1.91 and 1.85, respectively). However, Kim et al.8 reported a higher risk of
high-grade cervical dysplasia and cervical cancer in women with SLE (HR, 1.53) than women
with RA (HR, 1.49). This discrepancy may be because of the difference in age groups in the

2 studies. The present study focused solely on women of childbearing age, but the study

by Kim et al.8 included women across all age groups. Women over 65 years of age are more
likely to experience long-term persistence of HPV infection,24 increasing their likelihood

of developing cervical cancer.?5 In the present study, women with SPRA had the highest
mean age among women of childbearing age, whereas those with SLE had the lowest mean
age. This disparity in age distribution might have contributed to the increased risk of HPV-
associated gynecologic cancers in women with SPRA. However, considering all age groups,
the lifetime risk for women with SLE seems to be higher than that for women with RA.

https://doi.org/10.3346/jkms.2025.40.e95 9/13
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A multivariable analysis was conducted to examine the impact of medication use and
comorbidities on the risk of HPV-associated gynecologic cancers in women with RD of
childbearing age. The results showed that for women with SLE, the use of medications and
the presence of associated comorbidities during the follow-up period significantly increased
the risk of developing HPV-associated gynecologic cancers. Women of childbearing age with
SLE have been reported to have a greater burden of comorbidities and immunosuppressive
drug use than those with SPRA and AS.26 This is because SLE is a multisystem disease that
necessitates immunosuppressive medication for treating severe organ involvement.2%28 Qur
findings are supported by previous studies showing that women with SLE who are exposed
to immunosuppressive are at a higher risk of developing cervical dysplasia and vaginal and
vulva cancers, particularly with cumulative exposure to cyclophosphamide.1518 Notably,

the presence of comorbidities and the use of medications appeared to decrease the risk of
HPV-associated gynecologic cancers in women with SPRA and AS. This may be attributed

to the widespread use of NSAIDs for managing inflammatory arthritis in patients with RA
and AS. The COX-2 gene has been implicated in early cervical carcinogenesis and tumor
progression,29,30 and few small clinical trials have suggested that COX-2 inhibitors may play a
positive role in preventing cervical cancer.31,32

A key strength of this study is that the risk of HPV-associated gynecologic cancers in women
of childbearing age with RD could be determined despite methodological challenges
associated with assessing uncommon exposures and outcomes. This was made possible

by utilizing a large population-based NHIS-NHID database, which contains health
information of most of the Korean population. One limitation of this study is that behavioral
characteristics, such as sexual activity, or HPV vaccination status, which are known risk
factors for HPV infection, could not be determined. This is because the NHIS-NHID database
does not include these variables. Additionally, while understanding the association between
HPV infection and the development of gynecologic cancers is important, the prevalence of
gynecologic cancers in the RD and non-RD cohorts could not be determined. Finally, this
study was unable to directly ascertain the impact of individual drugs or comorbidities on the
risk of developing HPV-associated gynecologic cancers.

The Korean government offers complimentary biennial cervical cancer screening to all
women over the age of 20 years33 and offers free HPV vaccines to female adolescents aged
12-17 years and to low-income women aged 18-26 years.34 However, the national cancer
screening program should be tailored to meet the needs of populations who are at a high
risk of developing gynecologic cancers. Currently, there are no specific recommendations
for gynecologic cancer screening and prevention for women with RA and AS. For women
with SLE and/or AS, the European League Against Rheumatism recommends a Pap smear
examination yearly for heavily immunosuppressed patients or according to the local
screening program, if they are considered low-risk patients.35 However, regular uptake of
cervical cancer screening is reported to be low in Korea (18.9%).3¢ Additionally, the national
HPV vaccination initiation rate is low, with a reported rate of only 35.7%.37 Studies conducted
in Canada and the United States of America have shown that subgroups of women with

SLE, typically Caucasian, younger, with a lower education level, and with high SLE damage,
may exhibit poor adherence to preventive health screening programs.3839 We need more
studies addressing these issues to implement effective healthcare policies and provide better
gynecologic cancer screening and prevention programs for women of childbearing age with
RD, as they are a highly vulnerable population for gynecologic cancers.

https://doi.org/10.3346/jkms.2025.40.e95 10/13
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In conclusion, Korean women of childbearing age with RD face an increased risk for
HPV-associated gynecologic cancers. This risk may be further increased by comorbidities
and medication use during the follow-up period, particularly in patients with SLE.
Therefore, it is essential to develop prevention strategies for HPV-associated gynecologic
cancer in women with RD of childbearing age, and healthcare providers should focus more

Gynecologic Cancer in Women With Rheumatic Diseases

on HPV-associated gynecologic cancer surveillance and education.
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