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Abstract

Background

Despite advances in cervical cancer (CC) prevention, detection, and treatment in the US,
health disparities persist, disproportionately affecting underserved populations or regions.
This study analyzes the geographical distribution of both CC and recurrent/metastatic CC
(r/mCC) in the US and explores potential risk factors of higher disease burden to inform
potential strategies to address disparities in CC and r/mCC.

Methods

We estimated CC screening rates, as well as CC burden (number of patients with CC diag-
nosis per 100,000 eligible enrollees) and r/mCC burden (proportion of CC patients receiving
systemic therapy not in conjunction with surgery or radiation), at the geographic level
between 2017-2022 using administrative claims. Data on income and race/ethnicity were
obtained from US Census Bureau’s American Community Survey. Brachytherapy centers
were proxies for guideline-conforming care for locally advanced CC. Associations among
demographic, socioeconomic, and healthcare resource variables, with CC and r/mCC dis-
ease burden were assessed.
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Results

Between 2017-2022, approximately 48,000 CC-diagnosed patients were identified, and
approximately 10,000 initiated systemic therapy treatment. Both CC and r/mCC burden var-
ied considerably across the US. Higher screening was significantly associated with lower
CC burden only in the South. Lower income level was significantly associated with lower
screening rates, higher CC and r/mCC burden. Higher proportion of Hispanic population
was also associated with higher CC burden. The presence of >1 brachytherapy centerin a
region was significantly associated with a reduction in /mCC burden (2.7%).

Conclusion

CC and /mCC disparities are an interplay of certain social determinants of health, behavior,
and race/ethnicity. Our findings may inform targeted interventions for a geographic area,
and further highlight the importance of guideline-conforming care to reduce disease burden.

Introduction

Cervical cancer (CC) is a disease that is mostly preventable and potentially curable, when diag-
nosed early [1]. Despite the availability of human papillomavirus vaccination as prevention, as
well as routine CC screening and effective treatments for cervical dysplasia, approximately
14,000 new cases of CC and 4,300 CC deaths were estimated to occur among US women as of
2023 [2]. Additionally, striking disparities persist throughout the CC care continuum, leading
to differences in CC and recurrent or metastatic CC (r/mCC) burden observed across the US
(3, 4].

While healthcare disparity is well studied in prevention of CC [5-7], there is limited litera-
ture characterizing the impact of disparity on the variation in disease burden across US com-
munities. Existing data are often focused on individual risk factors such as specific race/ethnic
groups or from limited-scope registries [8-10]. To adequately address the needs of patients
with CC and r/mCC and mitigate associated health disparities across the care continuum, a
holistic understanding of the disparities contributing to disease burden across different regions
may be helpful. This knowledge will provide professional groups, healthcare providers, policy
decision-makers and patient advocacy groups with the necessary tools to target areas in the US
where there is a high need for CC or r/mCC intervention. Previously, we quantified and visual-
ized the geographical distribution of CC and r/mCC burden among commercially insured
patients in the US between 2015-2020, lending hypotheses to areas with highest need of dis-
ease awareness education, or where access to standard treatments in the curative setting are
not adequate, which leads to need for salvage treatment options such as systemic therapy [3].

Presently we aim to explore and generate hypotheses of potential demographic, socioeco-
nomic and behavioral risk factors of observed geographic variation of CC and r/mCC burden
in the US. Using contemporary data from a large, representative, administrative claims data-
base and relevant secondary data sources, our objective is to quantify associations between
burden of CC and r/mCC diseases with CC screening rates, select demographic and socioeco-
nomic factors, and brachytherapy access at the local geographic level. Beyond identifying areas
with the highest disease burden, findings from this study may inform future research direction
and targeted healthcare resources and interventions to improve outcomes for people at risk or
living with CC.
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Materials and methods
Data

A total of eight factors covering socioeconomic status, demographic profiles, and health care
infrastructure potentially contributing to geographical variation in CC and r/mCC disease
burden were considered for our analyses. Of these, four (CC screening, poverty, race/ethnicity,
and brachytherapy center availability) were identified to have potentially highest relevance for
the study and retained for further analyses, based on prior literature and clinical expert opin-
ion [11-13].

Adult patients with CC and r/mCC, and cervical cancer screening data (either cytology or
high-risk human papillomavirus [hrHPV] testing) were identified from administrative claims
data in Komodo Healthcare Map (2017-2022). The closed claims dataset includes >165 mil-
lion US patients covered by Commercial, Medicaid, or Medicare Advantage plans [14].

The US Census Bureau’s American Community Survey was used to collect information
on income level, in which we define low-income level as a family with income < 200% of the
federal poverty limit (FPL), and race/ethnicity at the ZIP-5 level, which were then aggregated
to the ZIP-3 level [15]. Mutually exclusive race/ethnicity subgroups were defined as Asian,
Black, Hispanic, White and Other (including unidentified). The existence of >1 brachyther-
apy (internal radiation) center in a ZIP-3 was obtained from the American Brachytherapy
Society and was used as a proxy for guideline-conforming care for locally advanced CC
[16, 17].

Patient population and definitions

A CC patient was defined as a female >18 years old having >1 inpatient claim or >2 outpa-
tient claims with a diagnosis for malignant neoplasm of the cervix as identified by the ICD-
9-CM code 180.xx or ICD-10-CM code C53.xx. An r/mCC patient was defined as a CC
patient who initiated systemic therapy listed by the National Comprehensive Cancer Net-
work guidelines for treatment of r/mCC, which were not associated with surgery or radiation
[18, 19]. The date of first initiation of systemic therapy in the r/mCC setting is the r/mCC
index date. Patients must have >6 months of continuous medical and pharmacy enrollment
prior to the r/mCC index date, >3 months of continuous enrollment after the index date and
have no more than 8 claims for a non-specific chemotherapy encounter (ICD-10-CM code
J99.99).

A patient was considered screened for cervical cancer during a year of interest if she was
either between the ages of 21 and 64 and had cervical cytology performed within the previous
three years, or between the ages of 30 and 64 and had cervical hrHPV testing performed with
or without cytology within the previous five years [20]. Cervical cancer screening data were
available in Komodo Healthcare Map since 2019.

To identify geographic ZIP-3 level distribution of annual CC burden, we calculated the
prevalent number of CC diagnosis per 100,000 female enrollees >18 years for each year and
ZIP-3. The annual r/mCC burden was defined as the number of incident r/mCC cases (initi-
ated systemic therapy) per the number of prevalent CC cases in each year and ZIP-3.

The administrative claims data were processed between February and September 2023 to
generate distributions at the ZIP-3 level for research purposes. Patients or enrollees without
ZIP-3 information were excluded from analysis. The authors had no access to information
that could identify individual patients. ZIP-3 data were censored where patient counts were
<3. No ethics approval was needed because this is a retrospective study that did not utilize
patient-level identification for analyses.
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Statistical analysis

Univariate regressions were used to explore the associations between CC screening rate, race/
ethnicity, and household income with regional CC and r/mCC burden, at the ZIP-3 level. We
analyzed the association between the availability of a brachytherapy center and CC and r/mCC
burden similarly, in which we encoded the presence of at least one brachytherapy center in a
ZIP-3 as the binary independent variable of interest. Two-tailed t-tests were used to determine
if estimated slopes from the regressions were significantly different from 0. A p-value of <0.05
was considered statistically significant. All statistical analyses were performed using R 4.2.2., in
which the packages mapbox, tidycensus and tigris, were used [21-24].

Geo-analyzer update

We previously developed the Cervical Cancer Geo-Analyzer (http://www.geo-analyzer.org), a
publicly available online, interactive tool that allows users to visualize CC and r/mCC disease
burden among Commercial-insured beneficiaries, across metropolitan statistical areas (2015-
2020) [3]. The currently updated Geo-Analyzer tool includes data on CC and r/mCC burden
(2017-2022) from the present study and includes a more representative population comprising
Medicare Advantage and Medicaid beneficiaries in addition to the Commercial population.
We can display results by the age groups of 18-44, 45-64 and 65+, insurance type, and propor-
tion of households that are <200% FPL. Finally, we overlayed brachytherapy center sites, as a
proxy for guideline-conforming care for earlier-stage disease, with CC and r/mCC burden.

Results

Between 2017-2022, the total number of eligible enrollees in the database ranged from
29,343,966 in 2019 to 35,214,693 in 2022 (Table 1). Over this observation period, a total of
48,962 patients had CC diagnoses and of those, 10,898 initiated a systemic therapy treatment
(r/mCC patients). Annual burden numbers are delineated in S2 Table. The median age for CC
patients in the dataset was 53 years of age while that of r/mCC patients was 59. Approximately
three-quarters of the patients in the dataset had privately managed (Commercial or Medicare
Advantage) insurance, and one-quarter had Medicaid or managed Medicaid, consistent with a
previous report [25]. The geographic variation of CC and r/mCC burden across the US
between 2017-2022 at the ZIP-3 level is depicted in Fig 1 and can be visualized in the public
online tool. (http://www.geo-analyzer.org). Brachytherapy centers, as a proxy for guideline-
confirming treatment for locally advanced disease, are mapped in Fig 1. CC screening rates are
visualized in S1 Fig, and the states in each region are outlined in SI Table.

In the univariate analyses, screening rate was not significantly associated with overall CC or
r/mCC burden at the national level (Fig 2). At the regional level however (Fig 2), a higher
screening rate was significantly associated with lower CC and r/mCC burden for the South (S3
Table, p<0.001 for CC burden and p = 0.013 for r/mCC burden), and lower r/mCC burden in
the Midwest (S3 Table, p<0.01). On the other hand, the West region showed a statistically sig-
nificant trend between higher screening rate and higher r/mCC burden (S3 Table, p = 0.038).

A higher percentage of low-income households within a ZIP-3 area was significantly associ-
ated with higher CC burden overall (Fig 3A, p<0.001). For r/mCC, while the association was
not significant at national level, the South region showed a significant increase in burden with
an increasing percentage of low-income households (Fig 3B, p = 0.001).

At the ZIP-3 level, two race/ethnicity groups showed significant association with disease
CC burden: ZIP-3 with higher proportion of Hispanic population had higher CC burden, and
those with higher Asian population had lower CC burden (Fig 4, both p<0.001). However,
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Table 1. Characteristics of eligible enrollees with cervical cancer diagnosis or initiated systemic therapy for recur-
rent or metastatic cervical cancer in the US (2017-2022).

Category Overall Enrollees CC Patients r/mCC Patients
Total 48,962 10,898
Age, median [IQR]? 53 [42, 63] 59 [49, 66]
Insurance Type
Commercial 78.1% 74.2% 74.0%
Medicaid 21.5% 25.1% 24.9%
Other 0.4% 0.7% 1.1%
Region
Midwest 22.0% 21.4% 20.4%
Northeast 19.9% 21.2% 22.3%
South 38.6% 38.0% 37.5%
West 19.1% 18.8% 19.0%
Other/Unknown 0.4% 0.6% 0.8%
Incident cases by year
2017 32,447,904 9,907 1,764
2018 30,383,147 8,953 1,798
2019 29,343,966 8,371 1,843
2020 34,215,828 7,481 1,797
2021 34,851,039 7,846 1,853
2022 35,214,693 6,404 1,843

CC, cervical cancer; r/mCC, recurrent or metastatic cervical cancer.

* Age statistics are computed over 2015-2022.

https://doi.org/10.1371/journal.pone.0307282.t001

when examining by region, we found that this finding by race/ethnicity was mainly driven by
Hispanics in the West and Asians in the South.

Also at the regional level, a higher proportion of Black population in a ZIP-3 area was sig-
nificantly associated with higher CC burden in the Midwest and Northeast but with lower CC
burden in the South (Fig 4, S3 Table).

For r/mCC, only the Asian population prevalence in the Midwest was significantly associ-
ated with lower burden (Fig 4, p = 0.047). No race/ethnicity group showed significant associa-
tion with r/mCC burden at national level.

Lastly, we found that the presence of at least one brachytherapy center in a ZIP-3 area was
associated with a significant reduction in overall r/mCC burden (Fig 5, 2.7%, p<0.001). In par-
ticular, this finding was driven by reductions in the South and Midwest (53 Table, p<0.001).

Discussion

Previous disclosures of the pilot version of Geo-Analyzer mapped geographical dispersion of
CC and r/mCC burden using limited datasets and were from an era prior to approvals novel
therapies in the r/mCC setting [3, 26]. We report in the present study updated data from a
comprehensive dataset covering >165 million enrollees across US, with patients in a more
contemporary CC and r/mCC treatment landscape. Additionally, although healthcare dispar-
ity among US CC patients overall is relatively well-characterized [4, 8, 27-29], we seek to form
hypotheses for the first time about how demographic, socioeconomic, or behavioral factors
may influence regional differences in CC or r/mCC burden that we observe.
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Fig 1. Geographic variation in cervical cancer burden (A) and recurrent or metastatic cervical cancer burden (B) across the US for the period
2017-2022, and locations of brachytherapy centers as blue circles. Cervical cancer burden was defined as the prevalent number of cervical cancer
diagnoses per 100,000 eligible female enrollees. Recurrent or metastatic cervical cancer burden was defined as the proportion of patients with
cervical cancer who initiated system therapy. Contains information from OpenStreetMap and OpenStreetMap Foundation, which is licensed under
the Open Data Commons Open Database License (https://www.openstreetmap.org/copyright).

https://doi.org/10.1371/journal.pone.0307282.9001

Effective screening for high-risk HPV and cervical precancerous lesions reduces incidence
of CC and, among patients who are diagnosed at pre-cancerous or early stage, effective treat-
ments with curative intent can reduce risk of recurrence [30-32]. The initial introduction of
HPV vaccine in 2006 and expansion of the indicated population over the decades have
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Fig 2. Association between cervical cancer screening rate and cervical cancer burden (A) and recurrent or
metastatic cervical cancer burden (B) at the ZIP-3 level for the period 2017-2022. Cervical cancer burden was
defined as the prevalent number of cervical cancer diagnoses per 100,000 eligible female enrollees. Recurrent or
metastatic cervical cancer burden was defined as the proportion of patients with cervical cancer who initiated system
therapy. CC: cervical cancer; r/mCC: recurrent or metastatic cervical cancer.

https://doi.org/10.1371/journal.pone.0307282.g002

contributed to decrease in prevalence of the high-risk HPV infection which are more likely to
lead to cervical cancer [33]. It is interesting to see that since the introduction of the vaccines,
incidence and mortality rates of cervical cancer have remained relatively stable nationally [2].
This may suggest that there is a delayed effect in decreased risk of malignant disease due to the
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cancer burden (A) and recurrent or metastatic cervical cancer burden (B) for the period 2017-2022. Cervical
cancer burden was defined as the prevalent number of cervical cancer diagnoses per 100,000 eligible female enrollees.
Recurrent or metastatic cervical cancer burden was defined as the proportion of patients with cervical cancer who
initiated system therapy. CC: cervical cancer; r/mCC: recurrent or metastatic cervical cancer.
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metastatic cervical cancer burden was defined as the proportion of patients with cervical cancer who initiated system therapy. CC: cervical cancer; r/
mCC: recurrent or metastatic cervical cancer.
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women at risk for cervical cancer today may not have been eligible for HPV vaccine at initial
introduction, and that there are other risk factors, including sociodemographic status, which
may confound interpretation of impact of HPV vaccination with malignant cervical cancer.
Thus, in this study, we have focused on understanding association between the screening,
rather than vaccination, and cervical cancer burden. While our univariate analysis showed
higher screening rates generally corresponded with lower CC and r/mCC burden, West region
had the opposite pattern of higher disease burden, suggesting insufficient effective preventative
screening or inadequate treatment for early-stage disease.

ZIP-3 with Brachytherapy Center? ll No [ Yes
— ,

20.7% ; 23.4%

|
0% 20% 40%
r/mCC Burden

Fig 5. Association between recurrent or metastatic cervical cancer burden and presence of at least one
brachytherapy center in a ZIP-3 for the period 2017-2022. Recurrent or metastatic cervical cancer burden was
defined as the proportion of patients with cervical cancer who initiated system therapy. r/mCC: recurrent or metastatic
cervical cancer.

https://doi.org/10.1371/journal.pone.0307282.9005
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Although there may be a myriad of potential factors contributing to the geographical varia-
tion in CC and r/mCC disease burden, the present study explored the impact on disease bur-
den of previous cervical cancer screening, poverty, race/ethnicity, and availability of
brachytherapy centers. These factors have been known to drive disparities in CC burden and
outcomes [11-13]. We examined whether they also play a role in the observed geographical
distribution of r/mCC burden and formed hypothesis as to other potential contributors of
higher r/mCC burden.

Univariate associations between CC burden with sociodemographic risk factors in this
study were generally consistent with expectation and that reported in literature [28, 34-37].
However, our finding of no significant association between proportion of low-income house-
holds and r/mCC burden at national level suggests that treatment for early-stage disease with
curative intent is generally not influenced by poverty. The only region where a significant asso-
ciation was observed was in the South. We hypothesize that this may be explained by poverty
in the South limiting patients’ ability to access adequate treatment for early-stage disease,
which was not as pronounced in other regions. Healthcare policies that enable patients diag-
nosed with early-stage CC to receive guideline-conforming care, such as The Breast and Cervi-
cal Cancer Treatment Program [38] available in many states, may help to alleviate healthcare
disparity seen in the South in this study.

It is interesting to note that proportion of both Asian and Hispanic populations were signif-
icantly associated with overall CC burden, but that no specific race/ethnicity group showed
significant association with r/mCC burden at national level. The authors interpret this obser-
vation as race/ethnicity do not affect either access or outcomes of early-stage disease treatment.
Regional variations in CC burden observed in Fig 4 may suggest that education to raise aware-
ness on preventative screening and early medical intervention after abnormal screening result
should be implemented consistently in our efforts to eradicate CC. The authors note that while
previous literature suggest Black and Hispanic female populations experience higher incidence
and mortality rates of cervical cancer across the US, this finding is generally consistent with
the literature on the suggested sociodemographic factors that may contribute to the observed
race/ethnic disparity in outcomes [8].

Lastly, in this study, we mapped locations of brachytherapy centers, as a proxy for availabil-
ity of standard-of-care (SOC) treatment with curative intent. The visual map (Fig 1) showed
that some patients may have to travel substantial distances to a SOC treatment center, espe-
cially in the West. Given that a meaningful proportion of CC patients are of low socioeconomic
status, travel requirements may become prohibitive for them to access life-saving treatments.
While it is resource-intensive to establish specialty centers near all patients, we believe that pro-
visions to support patients with transportation or basic logistical needs may offer a short-term
solution. Lastly, further contextualization of these insight and interpretation may be enabled
by a future comparison of the CC patient population across US geographies using established
indices of healthcare access, such as the Healthcare Access and Quality index [39].

The present study has several limitations. First, as with any analysis utilizing administrative
claims data, caution should be exercised when attempting to generalize study findings beyond
the insured population. Second, since the current study aimed to generate hypotheses about
potential risk factors of observed regional variation in CC and r/mCC burden to guide future
research directions, only univariate analyses were performed to facilitate initial interpretation
at the most granular geographical level possible. As such, results may be confounded and
should be interpreted with caution. Third, as the analyses were performed at the ZIP-3-level
instead of the patient-level, one must be careful when extrapolating these findings to individu-
als. Fourth, the need to censor data with <3 patients may result in potential underrepresenta-
tion of r/mCC burden in some geographies. Finally, our analyses were limited to variables

PLOS ONE | https://doi.org/10.1371/journal.pone.0307282 July 18, 2024 10/14


https://doi.org/10.1371/journal.pone.0307282

PLOS ONE

Cervical cancer geographic disparities

with ZIP-3-level data, and thus may have excluded potential relevant contributors of the geo-
graphic disparity in disease distribution.

Conclusion

CC and r/mCC disparities are linked to certain socioeconomic factors, including poverty level,
race/ethnicity, and access to modern early-stage treatment. The study also visualized the vari-
ability of disease burden among US geographical regions to highlight areas of need for health-
care providers and policy makers, as well as the broader healthcare community. Hypotheses
generated from this study support recommendations to pinpoint gaps in the cervical cancer
care continuum that may be contributing to disparities in disease burden, such as in the West,
where higher screening rates did not translate to lower r/mCC burden. Overall, findings from
this study may help to optimize healthcare resources allocation, and advocacy and education
of modern treatment options to minimize disparities in outcomes for patients in the US.

Supporting information

S§1 Table. States in each region.
(DOCX)

$2 Table. Annual prevalent cervical cancer burden (cases per 100,000 women), recurrent
or metastatic cervical cancer burden (proportion of patients with cervical cancer who initi-
ated systemic therapy) and proportion of eligible population screened from 2017-2022.
(DOCX)

S3 Table. Fitted univariate regression coefficients, confidence intervals, standard errors, p-
values, and R? values for univariate regressions stated in the main text.
(DOCX)

S1 Fig. Geographic variation in cervical cancer screening rate across the US for the period
2017-2022, and locations of brachytherapy centers as blue circles. A patient was considered
screened for cervical cancer during a year of interest if she was either between the ages of 21
and 64 and had cervical cytology performed within the previous three years, or between the
ages of 30 and 64 and had cervical hrHPV testing performed with or without cytology within
the previous five years. Contains information from OpenStreetMap and OpenStreetMap
Foundation, which is licensed under the Open Data Commons Open Database License
(https://www.openstreetmap.org/copyright).

(TIF)

Acknowledgments

The authors thank Xinshuo Ma and Kristina Cheng from Komodo Health for their help in
identifying CC and r/mCC patients from the Komodo Healthcare Map database.

Author Contributions

Conceptualization: Tara Castellano, Christina Washington, Jie Ting, Yitong J. Zhang, Fer-
nanda Musa, Kathleen Moore, Leslie Randall, Jagpreet Chhatwal, Turgay Ayer, Charles A.
Leath, III.

Data curation: Andrew K. ElHabr, Ezgi Berksoy.
Formal analysis: Andrew K. EIHabr.

PLOS ONE | https://doi.org/10.1371/journal.pone.0307282 July 18, 2024 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307282.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307282.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307282.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0307282.s004
https://www.openstreetmap.org/copyright
https://doi.org/10.1371/journal.pone.0307282

PLOS ONE

Cervical cancer geographic disparities

Investigation: Tara Castellano, Andrew K. ElHabr, Jie Ting, Yitong J. Zhang, Ezgi Berksoy,

Turgay Ayer, Charles A. Leath, IIL

Methodology: Tara Castellano, Jie Ting, Yitong J. Zhang, Turgay Ayer, Charles A. Leath, III.

Supervision: Tara Castellano, Jie Ting, Yitong J. Zhang, Turgay Ayer, Charles A. Leath, IIL

Validation: Tara Castellano, Andrew K. ElHabr, Jie Ting, Yitong J. Zhang, Ezgi Berksoy.

Visualization: Andrew K. ElHabr.

Writing - original draft: Tara Castellano, Andrew K. ElHabr, Jie Ting, Yitong J. Zhang.

Writing - review & editing: Christina Washington, Fernanda Musa, Kathleen Moore, Leslie

Randall, Jagpreet Chhatwal, Turgay Ayer, Charles A. Leath, III.

References

1.

10.

11.

12

13.

14.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018; 68(6):394—424. https://doi.org/10.3322/caac.21492 PMID: 30207593

Cancer Stat Facts: Cervical Cancer: National Cancer Institute: Surveillance, Epidemiology, and End
Results Program (SEER*Explorer); [https://seer.cancer.gov/statfacts/html/cervix.html].

Castellano T, Moore K, Ting J, Washington C, Yildiz Y, Surinach A, et al. Cervical cancer geographical
burden analyzer: An interactive, open-access tool for understanding geographical disease burden in
patients with recurrent or metastatic cervical cancer. Gynecol Oncol. 2023; 169:113-7. https://doi.org/
10.1016/j.ygyno.2022.12.004 PMID: 36549175

Sokale 10, Montealegre JR, Oluyomi AO, Thrift AP. Trends and Racial/Ethnic Differences in Predictors
of Cervical Cancer Screening among US Women Ages 30-64 Years. Cancer Epidemiol Biomarkers
Prev. 2023; 32(1):82—90. https://doi.org/10.1158/1055-9965.EPI-22-0970 PMID: 36306382

Johnson NL, Head KJ, Scott SF, Zimet GD. Persistent Disparities in Cervical Cancer Screening Uptake:
Knowledge and Sociodemographic Determinants of Papanicolaou and Human Papillomavirus Testing
Among Women in the United States. Public Health Rep. 2020; 135(4):483-91. https://doi.org/10.1177/
0033354920925094 PMID: 32516053

Spencer JC, Kim JJ, Tiro JA, Feldman SJ, Kobrin SC, Skinner CS, et al. Racial and Ethnic Disparities in
Cervical Cancer Screening From Three U.S. Healthcare Settings. Am J Prev Med. 2023; 65(4):667—-77.
https://doi.org/10.1016/j.amepre.2023.04.016 PMID: 37146839

Spencer JC, Brewer NT, Coyne-Beasley T, Trogdon JG, Weinberger M, Wheeler SB. Reducing Pov-
erty-Related Disparities in Cervical Cancer: The Role of HPV Vaccination. Cancer Epidemiol Biomark-
ers Prev. 2021; 30(10):1895-9083. https://doi.org/10.1158/1055-9965.EPI-21-0307 PMID: 34503948

Cohen CM, Wentzensen N, Castle PE, Schiffman M, Zuna R, Arend RC, et al. Racial and Ethnic Dispar-
ities in Cervical Cancer Incidence, Survival, and Mortality by Histologic Subtype. J Clin Oncol. 2023; 41
(5):1059-68. https://doi.org/10.1200/JC0O.22.01424 PMID: 36455190

Yoo W, Kim S, Huh WK, Dilley S, Coughlin SS, Partridge EE, et al. Recent trends in racial and regional
disparities in cervical cancer incidence and mortality in United States. PLoS One. 2017; 12(2):
e€0172548. https://doi.org/10.1371/journal.pone.0172548 PMID: 28234949

Yu L, Sabatino SA, White MC. Rural-Urban and Racial/Ethnic Disparities in Invasive Cervical Cancer
Incidence in the United States, 2010-2014. Prev Chronic Dis. 2019; 16:E70. https://doi.org/10.5888/
pcd16.180447 PMID: 31172917

Akers AY, Newmann SJ, Smith JS. Factors underlying disparities in cervical cancer incidence, screen-
ing, and treatment in the United States. Curr Probl Cancer. 2007; 31(3):157-81. https://doi.org/10.
1016/j.currproblcancer.2007.01.001 PMID: 17543946

Cetina-Perez L, Luvian-Morales J, Delgadillo-Gonzalez M, Castro-Eguiluz D, Galicia-Carmona T, Rely
K, et al. Sociodemographic characteristics and their association with survival in women with cervical
cancer. BMC Cancer. 2024; 24(1):161. https://doi.org/10.1186/s12885-024-11909-3 PMID: 38302893

Boyce-Fappiano D, Nguyen KA, Gjyshi O, Manzar G, Abana CO, Klopp AH, et al. Socioeconomic and
Racial Determinants of Brachytherapy Utilization for Cervical Cancer: Concerns for Widening Dispari-
ties. JCO Oncol Pract. 2021; 17(12):e1958—e67. https://doi.org/10.1200/0P.21.00291 PMID:
34550749

Komodo Health: Healthcare Map [https://www.komodohealth.com/technology/healthcare-map].

PLOS ONE | https://doi.org/10.1371/journal.pone.0307282 July 18, 2024 12/14


https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://seer.cancer.gov/statfacts/html/cervix.html
https://doi.org/10.1016/j.ygyno.2022.12.004
https://doi.org/10.1016/j.ygyno.2022.12.004
http://www.ncbi.nlm.nih.gov/pubmed/36549175
https://doi.org/10.1158/1055-9965.EPI-22-0970
http://www.ncbi.nlm.nih.gov/pubmed/36306382
https://doi.org/10.1177/0033354920925094
https://doi.org/10.1177/0033354920925094
http://www.ncbi.nlm.nih.gov/pubmed/32516053
https://doi.org/10.1016/j.amepre.2023.04.016
http://www.ncbi.nlm.nih.gov/pubmed/37146839
https://doi.org/10.1158/1055-9965.EPI-21-0307
http://www.ncbi.nlm.nih.gov/pubmed/34503948
https://doi.org/10.1200/JCO.22.01424
http://www.ncbi.nlm.nih.gov/pubmed/36455190
https://doi.org/10.1371/journal.pone.0172548
http://www.ncbi.nlm.nih.gov/pubmed/28234949
https://doi.org/10.5888/pcd16.180447
https://doi.org/10.5888/pcd16.180447
http://www.ncbi.nlm.nih.gov/pubmed/31172917
https://doi.org/10.1016/j.currproblcancer.2007.01.001
https://doi.org/10.1016/j.currproblcancer.2007.01.001
http://www.ncbi.nlm.nih.gov/pubmed/17543946
https://doi.org/10.1186/s12885-024-11909-3
http://www.ncbi.nlm.nih.gov/pubmed/38302893
https://doi.org/10.1200/OP.21.00291
http://www.ncbi.nlm.nih.gov/pubmed/34550749
https://www.komodohealth.com/technology/healthcare-map
https://doi.org/10.1371/journal.pone.0307282

PLOS ONE

Cervical cancer geographic disparities

15.

16.

17.

18.

19.

20.

21.
22,

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

American Community Survey: U.S Census Bureau; 2022 [https://www.census.gov/acs/www/data/data-
tables-and-tools/data-profiles/].

ABS Members by Region: American Brachytherapy Society; [cited 2023. https://www.
americanbrachytherapy.org/about-abs/member-list/].

Zhou Y, Rassy E, Coutte A, Achkar S, Espenel S, Genestie C, et al. Current Standards in the Man-
agement of Early and Locally Advanced Cervical Cancer: Update on the Benefit of Neoadjuvant/Adju-
vant Strategies. Cancers (Basel). 2022; 14(10). https://doi.org/10.3390/cancers14102449 PMID:
35626051

Musa FB, Brouwer E, Ting J, Schwartz NRM, Surinach A, Bloudek L, et al. Trends in treatment patterns
and costs of care among patients with advanced stage cervical cancer. Gynecol Oncol. 2022; 164
(3):645-50. https://doi.org/10.1016/j.ygyno.2021.12.028 PMID: 35031189

Leath CA, Nysenbaum J, Ting J, Zhang YJ, Fiori A, Pauly N. Patterns of care and health care resource
use among Medicaid-enrolled women with recurrent or metastatic cervical cancer. J Manag Care Spec
Pharm. 2023; 29(5):490-8. https://doi.org/10.18553/jmcp.2023.29.5.490 PMID: 37121257

Cervical Cancer Screening (CCS) National Committee for Quality Assurance [https://www.ncqa.org/
hedis/measures/cervical-cancer-screening/].

Team RC. R: A Language and Environment for Statistical Computing. 2022.

Appelhans T, Detsch F, Reudenbach C, Woellauer S. mapview: Interactive Viewing of Spatial Data in
R. 2022.

Walker K. tigris: Load Census TIGER/Line Shapefiles. 2022.

Walker K, Herman M. tidycensus: Load US Census Boundary and Attribute Data as 'tidyverse’ and’sf’-
Ready Data Frames. 2023.

Parikh-Patel A, Morris CR, Kizer KW. Disparities in quality of cancer care: The role of health insurance
and population demographics. Medicine (Baltimore). 2017; 96(50):€9125. https://doi.org/10.1097/MD.
0000000000009125 PMID: 29390313

Leath CA, Nysenbaum J, Ting J, Zhang YJ, Fiori A, Pauly N. Assessing Geographic Variation in Rates
of Cervical Cancer and Recurrent or Metastatic Cervical Cancer Among Medicaid Enrollees. Am J Clin
Oncol. 2023; 46(9):392-8.

Bauer C, Zhang K, Xiao Q, Lu J, Hong YR, Suk R. County-Level Social Vulnerability and Breast, Cervi-
cal, and Colorectal Cancer Screening Rates in the US, 2018. JAMA Netw Open. 2022; 5(9):2233429.
https://doi.org/10.1001/jamanetworkopen.2022.33429 PMID: 36166230

Cham S, Li A, Rauh-Hain JA, Tergas Al, Hershman DL, Wright JD, et al. Association Between Neigh-
borhood Socioeconomic Inequality and Cervical Cancer Incidence Rates in New York City. JAMA
Oncol. 2022; 8(1):159-61. https://doi.org/10.1001/jamaoncol.2021.5779 PMID: 34817550

Francoeur AA, Liao Cl, Caesar MA, Chan A, Kapp DS, Cohen JG, et al. The increasing incidence of
stage IV cervical cancer in the USA: what factors are related? Int J Gynecol Cancer. 2022. https://doi.
org/10.1136/ijgc-2022-003728 PMID: 35981903

Vaccarella S, Lortet-Tieulent J, Plummer M, Franceschi S, Bray F. Worldwide trends in cervical cancer
incidence: impact of screening against changes in disease risk factors. Eur J Cancer. 2013; 49
(15):3262—73. https://doi.org/10.1016/j.ejca.2013.04.024 PMID: 23751569

Yang DX, Soulos PR, Davis B, Gross CP, Yu JB. Impact of Widespread Cervical Cancer Screening:
Number of Cancers Prevented and Changes in Race-specific Incidence. Am J Clin Oncol. 2018; 41
(3):289-94. https://doi.org/10.1097/COC.0000000000000264 PMID: 26808257

Queiroz ACM, Fabri V, Mantoan H, Sanches SM, Guimaraes APG, Ribeiro ARG, et al. Risk factors for
pelvic and distant recurrence in locally advanced cervical cancer. Eur J Obstet Gynecol Reprod Biol.
2019; 235:6-12. https://doi.org/10.1016/j.ejogrb.2019.01.028 PMID: 30771718

Lewis RM, Laprise JF, Gargano JW, Unger ER, Querec TD, Chesson HW, et al. Estimated Prevalence
and Incidence of Disease-Associated Human Papillomavirus Types Among 15- to 59-Year-Olds in the
United States. Sex Transm Dis. 2021; 48(4):273-7. https://doi.org/10.1097/0OLQ.0000000000001356
PMID: 33492097

Cervical Cancer Screening: National Cancer Institute: Cancer Trends Progress Report; [https://
progressreport.cancer.gov/detection/cervical_cancer].

Benavidez GA, Zgodic A, Zahnd WE, Eberth JM. Disparities in Meeting USPSTF Breast, Cervical, and
Colorectal Cancer Screening Guidelines Among Women in the United States. Prev Chronic Dis. 2021;
18:E37. https://doi.org/10.5888/pcd18.200315 PMID: 33856975

Chen HY, Kessler CL, Mori N, Chauhan SP. Cervical cancer screening in the United States, 1993—
2010: characteristics of women who are never screened. J Womens Health (Larchmt). 2012; 21
(11):1132-8. https://doi.org/10.1089/jwh.2011.3418 PMID: 22873781

PLOS ONE | https://doi.org/10.1371/journal.pone.0307282 July 18, 2024 13/14


https://www.census.gov/acs/www/data/data-tables-and-tools/data-profiles/
https://www.census.gov/acs/www/data/data-tables-and-tools/data-profiles/
https://www.americanbrachytherapy.org/about-abs/member-list/
https://www.americanbrachytherapy.org/about-abs/member-list/
https://doi.org/10.3390/cancers14102449
http://www.ncbi.nlm.nih.gov/pubmed/35626051
https://doi.org/10.1016/j.ygyno.2021.12.028
http://www.ncbi.nlm.nih.gov/pubmed/35031189
https://doi.org/10.18553/jmcp.2023.29.5.490
http://www.ncbi.nlm.nih.gov/pubmed/37121257
https://www.ncqa.org/hedis/measures/cervical-cancer-screening/
https://www.ncqa.org/hedis/measures/cervical-cancer-screening/
https://doi.org/10.1097/MD.0000000000009125
https://doi.org/10.1097/MD.0000000000009125
http://www.ncbi.nlm.nih.gov/pubmed/29390313
https://doi.org/10.1001/jamanetworkopen.2022.33429
http://www.ncbi.nlm.nih.gov/pubmed/36166230
https://doi.org/10.1001/jamaoncol.2021.5779
http://www.ncbi.nlm.nih.gov/pubmed/34817550
https://doi.org/10.1136/ijgc-2022-003728
https://doi.org/10.1136/ijgc-2022-003728
http://www.ncbi.nlm.nih.gov/pubmed/35981903
https://doi.org/10.1016/j.ejca.2013.04.024
http://www.ncbi.nlm.nih.gov/pubmed/23751569
https://doi.org/10.1097/COC.0000000000000264
http://www.ncbi.nlm.nih.gov/pubmed/26808257
https://doi.org/10.1016/j.ejogrb.2019.01.028
http://www.ncbi.nlm.nih.gov/pubmed/30771718
https://doi.org/10.1097/OLQ.0000000000001356
http://www.ncbi.nlm.nih.gov/pubmed/33492097
https://progressreport.cancer.gov/detection/cervical_cancer
https://progressreport.cancer.gov/detection/cervical_cancer
https://doi.org/10.5888/pcd18.200315
http://www.ncbi.nlm.nih.gov/pubmed/33856975
https://doi.org/10.1089/jwh.2011.3418
http://www.ncbi.nlm.nih.gov/pubmed/22873781
https://doi.org/10.1371/journal.pone.0307282

PLOS ONE Cervical cancer geographic disparities

37. LimmerK, LoBiondo-Wood G, Dains J. Predictors of cervical cancer screening adherence in the United
States: a systematic review. J Adv Pract Oncol. 2014; 5(1):31—41. PMID: 25032031

38. Women'’s Health Insurance Coverage: Kaiser Family Foundation; 2023 [https://www.kff.org/womens-
health-policy/fact-sheet/womens-health-insurance-coverage/].

39. Access GBDH, Quality Collaborators. Electronic address cue, Access GBDH, Quality C. Healthcare
Access and Quality Index based on mortality from causes amenable to personal health care in 195
countries and territories, 1990-2015: a novel analysis from the Global Burden of Disease Study 2015.
Lancet. 2017; 390(10091):231-66. https://doi.org/10.1016/S0140-6736(17)30818-8 PMID: 28528753

PLOS ONE | https://doi.org/10.1371/journal.pone.0307282 July 18, 2024 14/14


http://www.ncbi.nlm.nih.gov/pubmed/25032031
https://www.kff.org/womens-health-policy/fact-sheet/womens-health-insurance-coverage/
https://www.kff.org/womens-health-policy/fact-sheet/womens-health-insurance-coverage/
https://doi.org/10.1016/S0140-6736%2817%2930818-8
http://www.ncbi.nlm.nih.gov/pubmed/28528753
https://doi.org/10.1371/journal.pone.0307282

