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Abstract

Cervical cancer rates in Mississippi are disproportionately high, particularly among Black
individuals; yet, research in this population is lacking. We designed a statewide, racially diverse
cohort of individuals undergoing cervical screening in Mississippi. Here, we report the baseline
findings from this study.
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We included individuals aged 21 years and older undergoing cervical screening with cytology

or cytology-human papillomavirus (HPV) co-testing at the Mississippi State Health Department
(MSDH) and the University of Mississippi Medical Center (UMMC) (December 2017-May 2020).
We collected discarded cytology specimens for future biomarker testing. Demographics and
clinical results were abstracted from electronic medical records and evaluated using descriptive
statistics and chi-square tests.

A total of 24,796 individuals were included, with a median age of 34.8 years. The distribution of
race in our cohort was 60.2% Black, 26.4% White, 7.5% other, and 5.9% missing. Approximately
15% had abnormal cytology and, among those who underwent co-testing at MSDH (n=6,377),
HPV positivity was 17.4% and did not vary significantly by race. Among HPV positives, Black
individuals were significantly less likely to be HPV16/18 positive and more likely to be positive
for other high-risk 12 HPV types compared to White individuals (20.5% vs. 27.9%, and 79.5%
and 72.1%, respectively, p=0.011).

Our statewide cohort represents one of the largest racially diverse studies of cervical screening in
the U.S. We show a high burden of abnormal cytology and HPV positivity, with significant racial
differences in HPV genotype prevalence. Future studies will evaluate cervical precancer risk, HPV
genotyping, and novel biomarkers in this population.
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Introduction

Notable racial and regional disparities exist for cervical cancer in the United States (U.S.).12
Mortality rates of cervical cancer are higher in Black and Hispanic individuals, and those
living in non-metropolitan U.S. counties, whereas rates are lower in White individuals,
among those living in metropolitan areas, and those with higher socioeconomic status.3
Mississippi (MS), a state with one of the highest burdens of cervical cancer, includes one

of the largest proportions of Black individuals in the Southern U.S.1 Almost 80% of MS
counties are rural with some of the lowest per capita income and poorest health outcomes
within the U.S.3 Cervical cancer mortality rates in MS are 3.5 per 100,000 compared to 2.3
per 100,000 in the U.S. (2013-2017)* and Black individuals in MS are nearly twice as likely
to die from cervical cancer compared to their White counterparts (5.0 vs 2.8 per 100,000
respectively; 2013-2017).% Whether these mortality differences can be explained by lack of
screening, loss to follow-up, delayed or suboptimal treatment, or other reasons, is unclear.

As new technologies are being evaluated for cervical cancer screening and management, it
is important that studies include diverse populations to ensure that recommendations and
guidelines are applicable to all individuals undergoing cervical screening. For example,
prior studies have revealed differences in the distribution of HPV genotypes by race. We
previously showed a significantly lower prevalence of human papillomavirus (HPV) 16
among Black individuals with Atypical Squamous Cells of Undermined Significance (ASC-
US) cytology results compared to White individuals in MS.® Collectively these findings
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could have implications for HPV vaccination and HPV testing strategies using extended
genotyping, and emphasize the need for studies that enrich for diverse populations when
evaluating new technologies.

To date, very few cervical cancer screening studies have been conducted in diverse
populations such as those in MS, despite the fact that it has one of the highest cervical
cancer burdens in the U.S. To address this gap, we designed STRIDES - STudying

Risk to Improve DisparitiES in cervical cancer in MS, a large statewide cohort study of
individuals undergoing cervical cancer screening in MS. STRIDES is an interdisciplinary
collaborative effort among the School of Nursing at the University of Mississippi Medical
Center (UMMC), the Mississippi State Department of Health (MSDH), and the National
Institutes of Health National Cancer Institute (NCI). STRIDES aims to evaluate the risk of
cervical precancer and cancer and to assess the performance of HPV-related biomarkers in
this high-risk, diverse population.

Materials and Methods
Study Population and Design

Our study population includes all individuals undergoing cervical cancer screening and
management at UMMC or MSDH. UMMC is the sole academic medical center in the

state, and all cervical pathology samples from both UMMC and MSDH clinics are sent to
and interpreted by the Department of Pathology at UMMC. The statewide sample includes
individuals from urban areas attending UMMOC clinics in the metropolitan tri-county area
and those attending the 88 MSDH clinics throughout the state, of which 79% are located

in rural areas (Supplemental Figure 1). Cervical cancer screening services are covered

by public funding at MSDH clinics. The sampling design for data collection includes

all consecutive cumulative electronic health records (EHR) available from those receiving
cytology, HPV testing, or both, as of December 23, 2017. We began collecting routinely
discarded cytology specimens as of May 20, 2018 and gradually increased the coverage and
as of November 2018 and onward, we achieved nearly complete specimen capture (96%) of
all screened patients identified in the EHR data.

This study includes data from the baseline visit, defined as the first screening visit in the
EHR as of December 23, 2017. A universal study 1D and the key is secured in REDCap®’
with restricted study personnel access. Record linkage enables the ascertainment of repeat
specimens and all follow-up data in the EHR from individuals included in the study. The
Institutional Review Boards at UMMC and MSDH approved this protocol. A HIPAA waiver
of authorization and HIPAA waiver of informed consent were granted.

Demographics and Co-variates

All information from the EHR is obtained at the time of the screening visit. The
demographic patient variables include age, race, and ethnicity; these variables are reported
in the EHR based on the intake information recorded from the patient. Race is based on

the following categories reported in the EHR: White or Caucasian (“White”), Black or
African American (“Black™), American Indian or Alaska Native, Asian, Native Hawaiian or
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Other Pacific Islander, Multiracial, Other Race, and includes Patient Refused or Unknown.
Due to low sample size, American Indian or Alaska Native, Choctaw Indian, Asian, Native
Hawaiian, or Other Pacific Islander, were combined into one category (“Other Race”).
Ethnicity includes Not Hispanic or Latina, Hispanic or Latina, Unknown or Patient Refused.
Co-variates include body mass index (BMI) and smoking. BMI was categorized according to
clinical cutpoints as < 25 (underweight/normal) kg/m?2, = 25 and < 30 (overweight) kg/m?,
>30 and < 35 (obese, class 1) kg/m?, > (obese, class 11+) kg/m2. Smoking status includes
never smokers, former, and current smokers.

Cytology Testing

HPV Testing

All specimens are processed and interpreted in the UMMC Department of Pathology.
Liquid-based cytology (Pap test) is performed on all cervical cytologic specimens using

the ThinPrep Pap 2000 System (Hologic®). A cervical specimen is collected via spatula
and Cytobrush (Pap Perfect Plastic Spatula and Cytobrush Plus GT Medscan; Trumbul,
CT). Following specimen processing and prescreening with automated image analysis, the
cytotechnologist continues with full screening prior to final cytologic interpretation by a
pathologist. Cytologic interpretation occurs without prior knowledge of the HPV result.
Cytology results are interpreted using the Bethesda 2014 terminology.8 All specimens were
screened by 1-2 cytotechnologists followed by pathologist review per UMMC protocol.
An average of 4 pathologists are responsible for the interpretations at UMMC. Results

are classified as negative for intraepithelial lesion or malignancy (NILM, including NILM
with atrophy, or reactive reparative). Additional cytologic categories include ASC-US, low-
grade squamous intraepithelial lesions (LSIL), atypical squamous cells of undetermined
significance high grade (ASC-H), or high-grade intraepithelial lesions (HSIL) or worse as
HSIL+. Glandular lesions are categorized as “endometrial/glandular”.

HPV testing was performed according to the 2012 ASCCP consensus management
recommendations.® Cervical cancer screening at MSDH changed from cytology with ASC-
US triage with HPV testing (HPV ASC-US triage) to HPV and cytology co-testing on

July 1, 2018, for those aged 30 years and older. UMMC clinics predominantly perform
co-testing for individuals in this age group and HPV ASC-US triage for those under age
30; however, a portion of UMMOC clinics/providers continue to perform screening using
cytology with ASC-US triage. Therefore, we do not report overall HPV positivity here due
to differences in screening practices and HPV testing between the two institutions. For this
baseline analysis, we present HPV testing results for the MSDH cohort only which strictly
adheres to co-testing recommendations as of July 1, 2018.

HPV testing is carried out using the Roche Diagnostics cobas4800® HPV genotyping test
(Roche Molecular Systems, Pleasanton, CA) (Roche, 2018). The assay uses a total nucleic
acid isolation sample preparation with real-time polymerase chain reaction and targets 14
HPV genotypes. The assay provides type-specific identification of types 16 and 18 and pools
12 ,,Other™ high risk (HR 12) HPV genotypes: 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and
68 (Roche, 2018).
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Biospecimen Collection and Pathology Processing

We established a biospecimen bank at the UMMC School of Nursing (SON) biosafety

level two laboratory. Specimens are collected after pathology processing following each
screening visit within 2 weeks. The specimens are inventoried in the UMMC SON using

a study-specific electronic data management system and the Biospecimen Inventory (BSI)
and resource management system and stored at 4 degrees Celsius. A specimen inventory is
maintained in BSI and REDCap®. Only de-identified data and specimens are shared outside
UMMC and MSDH. Final storage of the biospecimens will be at the National Institutes of
Health (NIH) biorepository.

Histologic Endpoints

Currently, we are reporting baseline HPV and cytology screening results. Ascertainment of
histologic endpoints from the EHR is ongoing and will be reported in the future. Follow-up
for screening and histology information in the EHR is planned for five years. We will
evaluate risk of cervical precancer and cancer in subsequent studies when ascertainment of
histologic outcomes is more complete.

Statistical Methodology

Results

We used descriptive statistics and Pearson chi-square tests to evaluate study population
characteristics overall, by institution, and by race. We evaluated the distribution of HPV
genotypes using hierarchical categorization as follows: HPV 16, including single and
multiple infection; then HPV 18, including single and multiple infections; then other HR

12 infections; then HPV negative. All reported p-values were two-sided, and a p-value <0.05
was considered significant. Statistical analyses were conducted using STATA/SE, version
16.0.

Study Population

As of May 7, 2020, a total of 24,796 individuals who underwent cervical cancer screening
and management at MSDH or UMMC were included. Our study sample includes individuals
from every county in MS, with broad coverage across the state and in rural and urban areas
(Supplemental Figure 1). So far, a total of 20,399 discarded cervical specimens have been
collected from 18,873 individuals, of these 1,383 had at least one repeat sample.

A total of 16,631 individuals (67.1%) were screened at MSDH and 8,165 (32.9%) were
screened at UMMC (Table 1). Among all individuals, the median age was 34.8 years (SD
=+ 12.1 years; range = 16-89 years), and 14,079 (56.8%) were aged 30 years and older
(Table 1). Individuals screened at MSDH tended to be younger compared to UMMC (52.9%
vs. 23.5% under age 30 years, respectively). Black individuals comprised the largest racial
group (n=14,933, 60.2%), followed by White individuals (n=6,545, 26.4%). Among those
with ethnicity information, the majority (91.6%) were non-Hispanic. Overall, 48.1% of the
study population was classified as obese, with a BMI = 30 kg/m2. The prevalence of obesity
was significantly higher among those screened at UMMC compared to MSDH (53.8%

vs. 45.3%, respectively; p=0.0001). Two-thirds of the overall population reported never
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smoking; individuals screened at MSDH were significantly more likely to report current
smoking compared to those at UMMC (26.3% vs. 13.0%, respectively; p=0.0001).

Baseline Characteristics by Race and Institution

As shown in Supplemental Table 1, within the two institutions age distributions were very
similar. In both institutions, Black individuals were more likely to be classified as obese
compared to White individuals, particularly among those screened at UMMC (63.1% obese
Black and 37.2% obese White individuals). At both institutions, White individuals were
more likely to be current smokers compared to Black individuals, with a particularly high
proportion of White current smokers at MSDH (42.6%) (Supplemental Table 1).

Cytology and HPV Screening Overall and by Race

Cytology diagnoses were comparable across institutions (Table 2), with 15.5% of the
population at UMMC and 15.3% at MSDH having cytology other than NILM (i.e.,
abnormal). Minimal differences in overall cytology diagnoses were noted between White
and Black individuals. Individuals classified as “Other Race” had the highest proportion of
NILM cytology at both institutions (86.8% at UMMC and 90.3% at MSDH).

Screening practices differ by institution and over time. Based on provider preference,
UMMC uses either HPV and cytology co-testing, or cytology alone with reflex HPV
testing in those with ASC-US in approximately 30% of UMMC patients (data not shown).
Beginning on July 1, 2018, MSDH fully transitioned from cytology with ASC-US HPV
triage to co-testing for individuals aged 30 years and older (aged 30+), with those aged
less than 30 years-old (aged <30) still undergoing cytology and ASC-US HPV triage. As
stated earlier, due to these differences in screening practices involving selective HPV testing
for a subgroup of individuals, we did not estimate the overall HPV positivity for the full
population. Including the entire time frame of data, among those with ASC-US cytology,
who are uniformly tested for HPV, HPV prevalence across institutions was 1,446 or 48.1%
(data not shown).

Table 3 shows the distribution of cytology screening results before and after implementation
of co-testing at MSDH, stratified by age. Among individuals aged 30+, the distribution

of cytology results remained very similar across the two time periods, suggesting that
cytology practice did not change with implementation of co-testing. After implementation
of co-testing, the overall prevalence of HPV in the MSDH cohort was 17.4%, and increased
with increasing severity of cytology (e.g., 13.6% in those with NILM and 93.6% in those
with HSIL+). The prevalence of HPV among individuals with ASC-US increased slightly
from 30.7% to 40.1% across the two periods (p=0.102). Among individuals aged <30 who
underwent screening with cytology and ASC-US triage with HPV testing across both time
periods at MSDH, the prevalence of HPV among those with ASC-US was similar (60.9%
and 62.6%, respectively).

Partial HPV genotyping results for 5,515 Black and White individuals screened at MSDH
with co-testing, stratified by age, are shown in Table 4. Overall, 23.1% were HPV positive;
HPV positivity did not significantly differ by race within each age group. Of those that
were HPV positive, 21.0% were positive for HPV16 and/or HPV18, whereas 79.0%
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were positive for other HR 12 HPV types. In those aged 30+, Black individuals were
significantly less likely to be positive for HPV16/18 compared to White individuals (20.5%
Vs. 27.9%, respectively, p=0.011), whereas there was no statistically significant difference
in HPV16/18 prevalence among those aged <30. These differences persisted in multivariate
models when adjusting for age, race, BMI, and smoking (data not shown).
Discussion

In this large, racially diverse population, previously underrepresented in cervical cancer
research, we present baseline characteristics and results for individuals undergoing cervical
cancer screening and management in Mississippi. Overall, we observed a higher distribution
of abnormal cytology results compared to other population-based studies of cervical cancer
screening, e.g., 15.4% in MS vs. 7.2% in the New Mexico HPV Pap Registry and 6.1%

in the Kaiser Permanente Northern California cohorts1O as well as higher overall HPV
positivity among those aged 30+ (MSDH only) (e.g., 17.4% in MS vs. 7.5% in Northern
California).11 Consistent with our statewide findings, a high HPV prevalence of 18% was
previously reported in western Mississippi, a region commonly referred to as the Mississippi
Delta.12 The factors underlying the high prevalence of abnormal screening results in our
study cohort are not completely understood. Mississippi*s Youth Risk Behavior Surveillance
System (YRBSS) 2019 reports a higher percentage of the high school students who

initiated sex prior to age 13 (5.4%) and those with more than 4 sexual partners (10.1%)

in their lifetime compared with those living in the US on average (3.0% and 8.6%,
respectively).13 However, we are not collecting information about sexual behaviors from our
study population. Future follow-up will enable the assessment of screening and follow-up
behaviors and how they relate to the burden of HPV and abnormal cytology in our cohort.

Notably, we found significant differences in HPV type distribution by race, with Black
individuals aged 30+ more likely to be positive for other HR 12 HPV types and less likely to
be positive for HPVV16/18 compared to White individuals. These findings are in line with our
previous study evaluating partial HPV genotyping in individuals from MSDH with ASC-US
cytology.® Previous studies have reported differences in HPV type variants and in HPV type
distribution in different geographic regions around the world, and in different racial/ethnic
groups, suggesting co-evalution and adaptation of HPV to host ancestry.14-16 For example, a
lower prevalence of HPV/16 has been reported in Blacks compared to Whites.1”=21 Pinheiro,
Gage, et al., (2020), confirmed that HPV35 is more common in Black individuals, but
showed that risk of precancer and cancer is not elevated.?2 Further investigation in our
cohort using extended genotyping is underway?23.

The 2019 ASCCP risk-based management consensus guidelines for cervical cancer were
based on risk estimates of cervical precancer in large screening populations.2* However, the
representation of Black individuals in large population-based studies with HPV genotyping
in the U.S. is limited.10 With extended follow-up and repeat sample collection, our cohort
study will allow assessment of natural history of specific HPV genotypes in a diverse

and understudied population. Understanding racial differences in HPV genotype prevalence
and HPV genotype-specific risk of precancer and cancer is important to inform cervical
cancer prevention efforts. STRIDES will provide an opportunity to evaluate this important
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question. Moreover, we will be able to evaluate the performance of HPV-related biomarkers
such as DNA methylation and p16/Ki-67 dual stain by race.25-28 Linkage to histologic
outcomes and ascertainment of follow-up data are ongoing using informatics and clinician
chart review; this will enable us to specifically address these questions in future studies.
Further, our study allows us to address program-wide aspects of cervical cancer screening,
particularly the important role of managing abnormal test results and treatment to assess the
factors underlying the high cervical cancer incidence and mortality in MS.

Strengths and Limitations

Summary

A strength of our study is that our population includes a large proportion of

African American or Black individuals and those living in rural areas who have been
underrepresented with respect to cervical cancer research, in spite of experiencing a
disproportionate burden of the disease and mortality. We used race information obtained
from the EHR, which can be misclassified, as a proxy for genetic ancestry. Ancestry is
typically not available in screening studies like ours. We have full ascertainment of the
screening cohort at both MSDH and UMMC through the EHR with retrospective data

and sample collection and centralized pathology review, limiting the potential for selection
bias. While our study is fully representative of individuals undergoing cervical cancer
screening at all MSDH clinics across the state and at UMMC, it may not be representative
of all individuals eligible for cervical cancer screening in the state. For example, our study
population is enriched for Black individuals compared to MS overall (60% vs. 38%). Given
the fact that cervical cancer screening at MSDH is publicly funded, it is plausible that
individuals included in our study are less likely to be insured and of lower socioeconomic
status compared to those in MS overall; however, we are unable to directly assess this.

HPV vaccination status is not reported in our data. MS continues to rank lowest in the nation
for HPV vaccine coverage (49.5% in MS versus 71.5% in the U.S. overall receiving at least
one dose in 2019) and Black teens are more likely to receive at least one dose compared

to White teens in MS (55.3% versus 40.7%, respectively in 2019). While it is possible

that differential vaccine uptake could explain differences in the prevalence of HPV16/18

by race, our findings were largely restricted to those aged 30 years and older and only a
small proportion of these individuals would have been vaccinated at catch-up ages.2? Finally,
while we did not include cervical histology results in this baseline description, follow-up of
the cohort™s histological outcomes will enable calculation of cervical precancer and cancer
risk estimates by HPV type.

With continued follow-up and additional specimen collection planned over several years, our
cohort study will allow for the study of HPV natural history and risk of precancer and cancer
in a racially-diverse state with a particularly high burden of cervical cancer incidence and
mortality. Going forward, it will be important to evaluate the implications of our findings

of differential prevalence of HPV genotypes by race with respect to cervical precancer

and cancer risk. In addition, future analyses will evaluate testing results of new screening
biomarkers such as extended HPV genotyping, DNA methylation assays, and p16/ki67 dual
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stain. Results from this work will be relevant for informing current cervical cancer screening
and management guidelines and for the evaluation and development of new technologies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Cervical screening cohort - underrepresented rural and racially diverse

population

. High prevalence of abnormal cytology and HPV positivity

. Significant difference of HPV genotype distribution by race
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