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Abstract

Background: High-risk human papillomavirus (hrHPV) testing is utilized in primary cervical
cancer screening, generally along with cytology, to triage abnormalities to colposcopy. Most
screening-based hrHPV testing involves pooled detection of any hrHPV or of HPV16/18. Cervical
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neoplasia progression risks based on extended hrHPV genotyping—particularly non-16/18 hrHPV
types—are not well characterized. HPV genotype-specific incidence of high-grade cervical
intraepithelial neoplasia or more severe (CIN2+) following an abnormal screening result was
examined.

Methods: We assessed a US-based prospective, multiracial, clinical cohort of 343 colposcopy
patients with normal histology (n=226) or CIN1 (n=117). Baseline cervical samples underwent
HPV DNA genotyping, and participants were followed up to five years. Genotype-specific CIN2+
incidence rates (IR) were estimated with accelerated failure time models. Five-year CIN2+ risks
were estimated non-parametrically for hierarchical hrHPV risk groups (HPV16; else HP\V/18/45;
else HPV31/33/35/52/58; else HPV39/51/56/59/68).

Results: At enrollment, median participant age was 30.1 years; most (63%) were hrHPV-
positive. Over follow-up, 24 participants progressed to CIN2+ (7.0%). CIN2+ IR among hrHPV-
positive participants was 3.4/1,000 person-months. CIN2+ IRs were highest for HPV16 (8.3),
HPV33 (7.8), and HPV58 (4.9). Five-year CIN2+ risk was higher for HPV16 (0.34) compared to
HPV18/45 (0.12), HPV31/33/35/52/58 (0.12), and HPV39/51/56/59/68 (0.16) (p=0.05).

Conclusions: Non-16/18 hrHPV types are associated with differential CIN2+ progression rates.
HPV16, 33, and 58 exhibited the highest rates over five years. HPV risk groups warrant further
investigation in diverse US populations.

Impact: These novel data assessing extended HPV genotyping in a diverse clinical cohort can
inform future directions to improve screening practices in the general population.
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Introduction

Cervical cancer screening programs—historically Papanicolaou (Pap) cytology testing—
have dramatically reduced morbidity and mortality from cervical cancer over the past
several decades.(1) While cytology testing alone has a high specificity (95-99%) to rule

out high-grade cervical intraepithelial neoplasia or more severe (CIN2/CIN3+), it has a
relatively low sensitivity (55-80%) for CIN2+ detection.(2—4) In the United States (US),
the American Society of Colposcopy and Cervical Pathology (ASCCP) screening guidelines
have incorporated testing for high-risk human papillomavirus (hrHPV) to improve risk
stratification for Pap cytology tests collected during routine screening for those aged

30 and older.(5,6) Recent recommendations have evolved to include not only overall
hrHPV positivity (due to the wide availability of “pooled” hrHPV tests), but also partial
genotyping for HPV 16/18 (due to the distinctly elevated risk associated with HPV
16/18).(6-8) These current management recommendations are “risk-based”—based on
estimates of risk of CIN3+. Testing for hrHPV has allowed for more tailored risk-based
management for millions of cervical cancer screening abnormalities detected every year.
Importantly, HPV testing in the primary screening setting has allowed providers to decrease
colposcopy referrals and lengthen follow-up from one year between screenings to as

long as five years for certain lower-risk abnormalities.(6) Extended genotyping—to detect
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individual hrHPV types beyond 16 and 18—can further improve risk stratification of screen-
detected abnormalities, both by triaging individuals at higher progression risk to immediate
colposcopy, and by preventing unnecessary biopsies, cost, and psychological distress for
those at relatively lower risk.(9,10)

Extended HPV genotyping has not yet been incorporated into national guidelines, despite
evidence that non-16/18 hrHPV types confer differential risks of future CIN2+/CIN3+.
(11,12) Indeed, some hrHPV genotypes may confer progression risks more similar

to HPV 16/18, while others types may confer lower risks. Thus, under the “equal
management for equal risk” principles of US guidelines,(6) certain hrHPV genotypes can
potentially be managed more conservatively than others. Despite this potential to improve
clinical management, many prospective studies investigating type-specific hrHPV infection
progression to CIN2+/CIN3+ were performed outside of the US, in populations with
different hrHPV genotype distributions and socio-demographics. Additionally, most US-
based studies have assessed only pooled or partial HPV genotyping, which does not provide
data on genotype-specific progression risks.(7,8) Further, it is especially important to ensure
diverse study populations—with adequate representation of black, indigenous, and people of
color (BIPOC)—in screening studies to optimally inform clinical decision-making, as these
groups bear a disproportionate burden of cervical cancer morbidity and mortality.(13,14)
Thus, studies of HPV genotype-specific CIN2+ progression among diverse US populations
are necessary to continue to inform risk stratification and improve patient care.

The purpose of this study is to understand the incidence of CIN2+ associated with specific
hrHPV genotypes—particularly non-16/18 genotypes—in the Cervical Intraepithelial
Neoplasia Cohort Study (CINCS). CINCS is a US-based prospective, multi-racial cohort of
women presenting to colposcopy following abnormal cervical cancer screening results. Our
first aim was to describe the distribution of HPV genotypes and associated genotype-specific
incidence rates of CIN2+ over five years. Our second aim was to assess the association
between a priori HPV “risk groups” and their five-year cumulative risk of progression to
CIN2+; we hypothesized that hrHPV risk groups would exhibit differential five-year risks of
progression to CIN2+.

Materials and Methods

Study population

This is analysis of secondary data from the Cervical Intraepithelial Neoplasia Cohort Study
(CINCS). The CINCS is a prospective clinical cohort of 1,372 women with abnormal
cervical cancer screening results who presented for follow-up referral colposcopy in
Durham, North Carolina, between September 2010 and March 2016. All those presenting
for colposcopy had a previously abnormal cervical cancer screening test—by cytology or
cytology/HPV co-testing—that triggered referral to colposcopy in accordance with U.S.
national guidelines.(5) Figure S1 depicts the general screening guidelines in place during
the study period. Colposcopy clinic attendees at 10 Duke University clinics were invited to
participate, as previously described.(15) Participants were study-eligible if they were 21-79
years old, English or Spanish speakers, new visitors to the clinic, and provided written
consent. Patients were excluded if they had previous treatment for cervical lesions [i.e., cold
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knife conization (CKC), loop electrosurgical excision procedure (LEEP), cryotherapy], had a
hysterectomy, had moved out of the study area, or did not intend to receive follow-up care at
a participating clinic.

At enrollment, all participants underwent a physician-directed pelvic exam, which included
collection of exfoliated cervical cells (for cytology and HPV DNA genotyping) and a
colposcopy examination with biopsies (for histology). An endocervical component (ECC)
was collected on anyone with insufficient transformation zone, or a Pap cytology result

of atypical glandular cells (AGC), adenocarcinoma in situ (AlS), or high-grade squamous
intraepithelial lesion (HSIL). Cervical cytology was also collected at follow-up visits for
up to 5 years; colposcopy-directed biopsies and ECC were collected at follow-up visits

if the colposcopist found it necessary, per conservative clinical practice. All colposcopies
were performed by experienced colposcopists affiliated with Duke University. Abnormal
cytology and histology results during follow-up were managed per U.S. national clinical
guidelines.(5) Study staff administered study questionnaires to participants at enrollment and
each follow-up visit to collect socio-demographic, behavioral, and clinical characteristics.

This study was conducted in accordance with ethical guidelines and approval was granted by
the Institutional Review Boards at Duke University (Durham, NC, US; IRB Pro00022943),
North Carolina State University (Raleigh, NC, US; IRB 3565) and University of North
Carolina (Chapel Hill, NC, US; IRB 15-2364).

Ascertainment of Cervical Cytology and Histology

Cervical cytology was ascertained from exfoliated cervical specimens collected at each
study visit via ThinPrep® liquid-based cytology (Hologic Corporation, Marlborough,
MA, US). Cervical exfoliated specimens were suspended in a ThinPrep® vial containing
proprietary fluid with at least 50% methanol (Cytyc®, Marlborough, MA, US). Cytology
was evaluated according to Bethesda criteria.(16) Residual specimens were stored at 4°C
prior to HPV DNA testing.

Cervical histology was ascertained from colposcopy-directed biopsy specimens at
enrollment for all participants and at follow-up per clinical indication. Biopsy results were
reviewed and graded for severity by Duke-affiliated pathologists, and specimens were tested
for adequacy per 2012 ASCCP guidelines.(5) Cytology and histology information were
abstracted from patient medical records.

Exposure assessment: HPV Typology

HPV DNA was detected from exfoliated cervical cells collected at enrollment.(15)
Following DNA extraction, PGMY09/PGMY 11 primers were used in PCR to target a
450-bp region of the HPV L1 genome. Amplification of the human p-globin gene was
included as an internal control to ensure sample sufficiency. HPV-positive specimens were
subsequently genotyped using the HPV Linear Array® (Roche Diagnostics, Branchburg,
NJ, US). This assay detects 13 hrHPV types (16,18, 31, 33, 35, 39, 45, 51, 52, 56, 58,

59, and 68) and 24 low-risk HPV (IrHPV) types (6, 11, 26, 40, 42, 53, 54, 61, 62, 64,

66, 67, 69, 70, 71, 72, 73, 81, 82, 83, 84, 1539, and cp6108). Multiple-type infections
were defined as HPV positivity with two or more hrHPV or IrHPV types. HPV genotypes
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were evaluated individually, stratified by hrHPV and IrHPV status, and by single- and
multiple-type infections. For multiple type infections, person-time and progression events
count towards all individual HPV types present at enrollment. We also examined four
hrHPV “risk stratification groups”: HPV 16, HPV 18/45, HPV 31/33/35/52/58, and HPV
39/51/56/59/68. These risk groups were originally proposed by Demarco et al. based on
risks of CIN3+ progression in the NCI-Kaiser Permanente Northern California Persistence
and Progression (PaP) Study.(17)

Outcome assessment: Incident CIN2+

The outcome of interest was a new (first) diagnosis of CIN2+ (“progression”) at any point
during the follow-up period. Incident CIN2+ was defined as a histologic diagnosis of
CIN2+ (CIN2, CIN2/3, CIN3, or invasive cervical cancer). In the absence of a histologic
diagnosis, a cytologic diagnosis of HSIL, LSIL-H (LSIL, cannot exclude HSIL), or ASC-H
(atypical squamous cells, cannot exclude HSIL) at follow-up were considered progression
events. Outcome status was determined on the earliest date of the progression event,

and participants were right-censored from further follow-up thereafter. For participants
who received treatment during follow-up (LEEP, CKC, cryotherapy, or hysterectomy), the
more severe histologic result between the colposcopic biopsy and the excisional treatment
specimen was used for the final follow-up diagnosis. Those receiving treatment during
follow-up were right-censored from further follow-up on the date of treatment.

Time-to-progression was measured in person-months from the date of study enroliment

to the date of progression. Participants contributed person-months up to the time of
progression, to the date of treatment, or to the date of their last attended clinical study

visit, whichever occurred first. Progression events were considered interval-censored events,
since we knew they occurred at some point in the interval between the previous visit and the
visit at which progression was detected.

Analytic sample

This analysis included CINCS participants with normal or CIN1 histology at study
enrollment who had HPV genotyping data, were not pregnant or HIV-positive at enrollment,
reported no history of HPV vaccination, and returned for at least one follow-up visit (Figure
1). Of 1,372 enrolled CINCS participants, 803 had HPV DNA laboratory results. Of these,
62 women had inconclusive enrollment histology and were excluded. An additional 105 with
CIN2+ at enrollment were excluded. Of the remaining 636 participants, 128 with a history
of HPV vaccination were excluded; an additional 8 were excluded due to pregnancy, and 135
were excluded who did not return for a follow-up visit. Of the 365 remaining participants,

18 who received immediate treatment and 4 with an inconclusive or missing follow-up
diagnosis were excluded, leaving a final analytic sample of 343 participants.

Statistical analysis

Descriptive statistics were generated to summarize the baseline distribution of socio-
demographic characteristics and HPV genotypes. Pearson’s chi-square test was used to
compare a.) characteristics stratified by enrollment histology (normal vs. CIN1), and b.)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bukowski et al.

Page 6

characteristics of those retained in the study versus those who were lost to follow-up to
assess potential bias due to attrition.

Incidence rates (IRs) of CIN2+ and 95% confidence intervals (Cls) were estimated with
exponential accelerated failure time (AFT) models for interval-censored data.(18-20)
Parametric AFT models allow statistically efficient estimations of incidence rates that
account for interval censoring. An exponential model assumes that survival times take on
an exponential distribution with respect to the exposure, thus constraining the shape of the
survival curve accordingly. To evaluate the appropriateness of this model, we graphically
compared the shape of the exponential curve estimated from the data to a non-parametric
Kaplan-Meier curve that imposed no constraints. If no events were observed in a group after
stratifying by HPV type, the Poisson exact method was used to estimate 95% Cls. Rates
were estimated among a) pooled hrHPV-positive and pooled IrHPV-positive participants, b)
the four pre-defined hrHPV risk groups (HPV 16, HPV 18/45, HPV 31/33/35/52/58, and
HPV 39/51/56/59/68), and ¢) each individual hrHPV genotype. These rates were estimated
overall, stratified by enrollment histologic diagnosis (normal vs. CIN1), and stratified by
single- versus multiple-type HPV infections.

Cumulative risk of CIN2+ was estimated using Turnbull’s nonparametric estimator for
interval-censored failure time data.(21,22) The log-rank test was used to compare CIN2+
risk among the three hrHPV risk categories, where participants with multiple-type infections
were categorized hierarchically according to their highest-risk HPV type (HPV 16 vs. else
HPV 18/45 vs. else HPV 31/33/35/52/58 vs. else HPV 39/51/56/59/68). In addition, the
log-rank test was used to directly compare CIN2+ risk among age groups (ages 21-24,
25-29, and 30+).

Three sensitivity analyses were conducted. For all sensitivity analyses, we re-estimated
HPV genotype-specific prevalence, CIN2+ IRs, and five-year risks. First, we restricted the
analytic sample to participants who initially had low-grade cytologic abnormalities [LSIL or
atypical squamous cells of undetermined significance (ASCUS)] on their screening Pap test
and excluded those with more severe screening cytology. Second, we assessed the impact

of determining outcome status using only histologically confirmed CIN2+ cases. Third, we
conducted a sensitivity analysis for age comparisons, using a binary age variable (30+ years
vs. <30 years) rather than a three-category age variable.

All statistical analyses were conducted using R version 4.0.1 (Vienna, Austria) and the
survival22), interval23), and epitools(24) packages.

Data availability

Study data are not publicly available due to participant privacy but are available upon
reasonable request from the corresponding author.
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Results

Enrollment characteristics

The distributions of socio-demographic and clinical characteristics among the 343
participants are presented in Table 1. Over half of participants identified as a race/ethnicity
other than non-Hispanic White. At enrollment, 226 participants had normal histology
(65.9%) and 117 had CIN1 (34.1%). Comparing those with normal histology to those

with CIN1, distributions of race/ethnicity, smoking status, and parity were similar. However,
CINZ1 cases were more likely to be hrHPV-positive (71.8% vs. 58.8%; p=0.02), report
hormonal contraception use (35.0% vs. 22.6%; p=0.01), and were younger (median 27.3

vs. 33.1 years) compared to those with normal histology. No differences in enrollment
characteristics were observed between participants who did not return for any follow-up
visits and those retained in the study (Table S1).

Table 2 displays the distribution of HPV genotypes at enrollment. Most participants were
positive for HPV (87.8%) and hrHPV (63.3%). Multiple-type HPV infections were more
frequent among participants with CIN1 (62.4%) than normal histology (37.2%) (Table S2).
Overall, the most frequently detected hrHPV types at enrollment were 16 (10.5%), 51
(9.6%), and 39 (8.7%).

Incidence rates of CIN2+

Median study follow-up time was 24.3 person-months (range 3.8-62.3). There were 24
events of progression to CIN2+ (7.0% overall; 6.2% of normal histology and 8.5% of CIN1)
(Table 3). CIN2+ IRs among all single- and multiple-type infections, stratified by HPV
genotype, are displayed in Table 4. The highest rates overall were observed for HPV 16 (IR
8.3;95% Cl 4.1, 16.6), HPV 33 (IR 7.8; 95% CI 2.0, 31.3), and HPV 58 (IR 4.9; 95% ClI
1.2,19.6). The CIN2+ IR for single-type hrHPV infections was 1.9 per 1,000 person-months
(95% C1 0.8, 4.6) and for multiple-type hrHPV infections was 4.4 (95% CI 2.6, 7.3). Among
single-type HPV infections, the highest IRs were observed for HPV 16, 51, and 35, though
these estimates were imprecise due to a relatively small number of participants infected with
each HPV genotype after stratification. CIN2+ rates for all infections, stratified by normal
histology vs. CIN1, are presented in Table S3. Single-type infections only, stratified by
enrollment histology, are presented in Table S4.

CIN2+ risk by HPV risk group

Figure 2 shows that the five-year cumulative probability (risk) of CIN2+ differed by HPV
risk group (HPV 16 vs. else HPV 18/45 vs. else HPV 31/33/35/52/58 vs. else HPV
39/51/56/59/68). The HPV 16 conferred the greatest risk of CIN2+ during follow-up:

the five-year risk of CIN2+ was 0.34 for HPV 16, 0.12 for HPV 18/45, 0.12 for HPV
31/33/35/52/58, and 0.16 for 39/51/56/59/68. (log-rank p=0.05).

CIN2+ rates and risk by age

CIN2+ IR among hrHPV-positive participants was 3.4 among those aged 21+ (95% ClI 2.2,
5.3), 3.3 among those 25+ (95% CI 2.0, 5.5), and 4.5 among those 30+ (95% CI 2.5, 7.8)
(Table S5). In the full 21+ cohort, rates were highest for HPV 16, 33, and 58. Comparatively,
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rates were highest for HPV 33, 16, and 58 among those 25+ and for HPV 68, 16, and 58
among those 30+. Five-year risks by HPV risk group and age group are shown in Figure S2.
Similar findings were observed when alternatively using a binary age variable (ages <30 vs.
30+).

Sensitivity analyses of low-grade enrollment cytology and CIN2+ outcome histology

After restricting to those who had LSIL or ASCUS on their enrollment screening Pap test
prior to presenting to colposcopy (n=287), trends were similar to those observed in the
main analytic sample (Table S6). After restricting to only histologically confirmed CIN2+
cases, trends were also similar. In both sensitivity analyses, the HPV types that exhibited
the highest IRs (HPV 16, 58, and 33) were similar to those in the main analytic cohort.
When comparing five-year risks among HPV risk groups, findings were similar, and p-
values comparing the groups became smaller (p=0.05 in main cohort; p=0.04 in enrollment
cytology sensitivity analysis; and p=0.02 in outcome histology sensitivity analysis.)

Discussion

This study is among the few prospective studies of extended HPV genotyping to characterize
HPV genotype-specific risk of cervical disease progression in the US. This five-year
prospective study investigated CIN2+ incidence by HPV genotype in a high-risk colposcopy
referral population and found that CIN2+ incidence rates were highest among hrHPV types
16, 33, and 58. Thus, in addition to the well-established hrHPV types 16 and 18, hrHPV
types 33 and 58 were associated with relatively higher risk of progression to CIN2+ over a
five-year period compared to other hrHPV types. Our study utilized HPV risk stratification
groups proposed by Demarco et al.: HPV 16, HPV 18/45, HPV 31/33/35/52/58, and HPV
39/51/56/59/68.(17) Consistent with Demarco et al., we found a distinctly elevated five-year
risk of progression associated with HPV 16, while HPV 18/45 and HPV 31/33/35/52/58 had
lower risks that remained similar to each other over follow-up. Demarco et al. found HPV
39/51/56/59/68 to have a lower risk (<5%) compared to the other non-16 groups (>5%), but
we found this HPV 39/51/56/59/68 group to exhibit similar five-year risks of CIN2+ HPV
18/45 and HPV 31/33/35/52/58 (0.16, 0.12, and 0.12, respectively).

The current findings support evidence that additional non-16/18 hrHPV types may be
considered in future screening practices to inform clinical management of screening
abnormalities. Demarco et al. found that three-year-risks of CIN3+ were highest for HPV

16 (21.9%) HPV 18 (11.5%), HPV 33/58 (8.6%), HPV 31 (8.1%), HPV 52 (5.6%), and
HPV 45 (5.4%) in the NCI-Kaiser Permanente PaP study.(17) In our study, HPV 45 did not
yield any progression events, which may explain why the HPV 18/45 group appeared to
have a relatively low risk of progression that was similar to the other “lower risk™ groups.
Otherwise, our findings support the relatively elevated progression risk associated with HPV
33 and 58. Our study showed that the HPV 39/51/56/59/68 group conferred a similar five-
year risk to the HPV 18/45 group and HPV 31/33/35/52/58 groups, while the Demarco study
found the HPV 39/51/56/59/68 group to have a lower risk. This difference may be driven by
our relatively small sample size, and the higher progression rates observed in our study for
HPV 39 (4.3 per 1,000 person-months) and HPV 51 (3.3 per 1,000 person-months), relative
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to the other types in their group. A notable difference between the Demarco study and

our CINCS study is that Demarco et al. studied CIN3+ in a general screening population,
while we assessed CIN2+ in a colposcopy referral population; additionally, the patient
population in northern California (the setting of Kaiser Permanente) differs demographically
from that in Durham, NC. For another study comparison, the Onclarity trial assessed CIN2+
and CIN3+ risk among individuals from a general screening population with negative and
ASCUS/LSIL cytology. Among negative cytology, HPV 16 and 31 carried the highest
progression risks, while an “intermediate risk” group was comprised of HPV types 18, 33,
58, and 52.(25) Among ASCUS/LSIL cases, HPV 16 carried the highest risk for CIN2+,
while HPV types 31, 18, 33, and 58 comprised an “intermediate” risk group.(26) Our
findings are also consistent with this, given the high CIN2+ incidence rates observed in the
CINCS cohort for HPV types 16, 33, and 58 overall, and for types 33, 31, and 58 among
CIN1 cases. In contrast, we observed a relatively lower rate of progression associated with
HPV 31 compared to the Onclarity trial, potentially due to a relatively small number of
participants infected with HPV 31 at enrollment in our study.

Variations in the incidence of high-grade lesions attributed to specific hrHPV types in
different studies may be a function of geographic location and population. For example, a
study among Japanese women with LSIL cytology and CIN1 histology found that hazard
ratios for progression to CIN3+ were highest for HPV 31, 33, 35, and 52, compared to
women with IrHPV or no infection.(27) Additionally, in the placebo arm of the VIVIANE
phase II trial, which recruited from multiple centers internationally, HPV 33 had the highest
two-year risk of progression to CIN2+, followed by types 16, 31, and 45.(28) The higher
rates of progression that we observed for HPV 33 are concordant with these findings.

The CINCS cohort included a diverse population with over 50% BIPOC representation

in the southeastern US, and genotype-specific progression observed here may be more
specific to this patient population. HPV type distributions have been shown to vary by
geography and patient characteristics, such as race. For example, studies have shown that
black, Hispanic, and Asian women with CIN2/CIN3 are significantly less likely to be

HPV 16/18-positive compared to their white counterparts.(29,30) Variations in HPV type-
specific progression risks may be related to these distributional differences. Given this, these
reported findings contribute important knowledge about US-based HPV type-specific risk
profiles and highlight the importance of continuing to study the shifting landscape of HPV
and cervical disease, especially in understudied populations.

As new methods for screening are developed, the impact of single- versus multiple-type
HPV infections must be considered in risk assessment for cervical cancer screening. Over
half of HPV infections in the CINCS cohort were multiple-type infections, and participants
with multiple-type infections exhibited higher CIN2+ rates than those with single-type
infections. The presence of multiple-type infections may be a marker of elevated individual
risk, potentially due to synergistic effects of multiple HPV types or to individual inability
to clear HPV, leading to concomitant persistent infections. There is no consensus about
whether infection with multiple hrHPV types confers a greater risk of progression to CIN2+.
A small number of prospective studies in general screening populations and among women
with low-grade abnormalities have observed no evidence of elevated risk of CIN2+ over
two to three years in multiple-type infections, compared to single-type infections.(31),(32)
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However, some cross-sectional studies have shown a higher prevalence of multiple-type
hrHPV infections with increasing CIN lesion severity.(33-36) Our prospective findings lend
support to the potential use of extended HPV genotyping to identify patients with multiple
infections and triage them for closer follow-up based on this elevated risk profile.

Study strengths include the use of longitudinal data over five years to assess genotype-
specific CIN2+ risk; this prospective study design is advantageous to quantify risk over time
and is critical to inform clinical practice guidelines. Additionally, most studies assessing
HPV-related progression risk have examined pooled hrHPV genotypes; the current study
leverages extended HPV genotyping for 37 individual HPV types, including identification
of multiple-type infections. Finally, this study utilizes a unique clinical cohort in the US
with most participants identifying as a non-white race or ethnicity—patient subpopulations
that are historically underrepresented in many large studies. Inclusion of BIPOC participants
in clinical research is critically important to elucidating a more representative landscape of
HPV-related cervical disease and creating appropriate clinical guidelines. Leveraging these
unique strengths, our findings support the clinical utility of non-16/18 hrHPV extended
genotyping to improve risk stratification and triage screening-detected cervical abnormalities
in a multiracial US population.

A primary limitation of this study is that HPV genotyping at study follow-up was not
collected. The only true way to ascertain HPV progression rates is to examine time since
incident infection. Since this was a clinical cohort, HPV genotyping was only available

at time of enrollment, and thus this was not possible to assess with this dataset. Second,

the relatively small sample size, especially after stratification by genotype and histology,
impacted the ability to make strong inferences about some individual HPV genotypes.

We additionally reported many stratified results with accompanying 95% Cls; this may

have induced a higher risk of type Il error. Third, there was potential for selection bias

in this study population. Approximately one-quarter of participants potentially eligible for
this analysis did not return for a follow-up visit; we found no significant differences in
characteristics between those retained and those lost, including enrollment histology. Fourth,
this study investigated a colposcopy referral population, so results may not generalize to

a general screening population. In particular, colposcopy referral populations have higher
baseline prevalence of disease as compared to general screening populations. Fifth, there

is risk of detection bias and outcome misclassification since this study was performed in

a clinical cohort. Namely, per conservative clinical practice, biopsies were not performed
with each colposcopy exam, which may have led to under-detection of disease. Additionally,
there was no external expert pathology review of biopsy specimens, which may have led

to some disease misclassification. Sixth, while nearly half of our study sample identified

as Black or African-American, far fewer individuals identified as Asian, or as Hispanic or
Latina; improving representation of these and other BIPOC groups is an important priority
for future screening studies. Finally, the analytic endpoint was defined as CIN2+, but CIN3+
is more proximal to invasive cancer and thus would have strengthened our study. However,
there is important clinical value in determining risk stratification at earlier timepoints—
such as CIN2+—since clinical decision-making to undergo treatment or more frequent
testing occurs at these earlier points. Indeed, CIN2 is often treated in clinical practice, thus
precluding observation of many CIN3+ cases.
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In conclusion, the current data highlight the potential utility of non-16/18 hrHPV types—
particularly 33 and 58—for predicting progression to CIN2+. Extended HPV genotyping
beyond HPV 16/18 may be useful to identify patients who exhibit different risks of
progression to CIN2+ to further improve HPV-based risk stratification. For example,
identifying higher- and lower-risk non-16/18 genotypes can help triage patients to more
intensive or more conservative management, respectively, and thereby support the current
“equal management for equal risk” US guidelines and improve the efficiency of cervical
cancer screening cascades. This study in a diverse clinical cohort in the southeastern US
contributes to the literature assessing risk attribution of hrHPV genotypes to progression
to CIN2+ for cervical cancer screening. Further investigation of the applicability of these
results to a general screening population is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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=IHPV genotyping not conducted (n = 569) |

CINCS participants with HPV genotyping results
n =803

Excluded per enrollment diagnosis

CINCS participants with HPV genotyping and normal or CIN1
enrollment histology
n =636

Inconclusive enrollment histology (n = 62)
CIN2+ at enroliment (n = 105)

Ineligible per exclusion criteria
(applied sequentially)
History of HPV vaccination (n = 128)

CINCS participants with HPV genotyping and normal or CIN1
enroliment histology meeting eligibility criteria and returning for
follow-up with conclusive outcome data
n =343

[ |

Normal enroliment histology CIN1 enrollment histology
n =226 n=117

Pregnant at enrollment (n = 8)

Did not return for follow-up (n = 135)

Received immediate treatment (n = 18)
Inconclusive or missing follow-up diagnosis (n = 4)

Figure 1. Flowchart for 343 CINCS participantsincluded in analytic sample.
Eligibility and inclusion criteria for a secondary data analysis of the Cervical Intraepithelial

Neoplasia Cohort Study (CINCS), based in Durham, North Carolina, US.
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Figure 2. Five-year risk of progression to CIN2+ adapted by HPV risk group in CINCS
participantswith normal or CIN1 enroliment histology.

HPV risk stratification groups from Demarco et al. (17) Five-year risks of CIN2+ for each
HPV risk group: 0.34 for “HPV 167, 0.12 for “else HPV 18/45”, 0.12 for “else HPV
31/33/35/52/58”, and 0.16 for “else HPV 39/51/56/59/68.
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