& frontiers | Frontiers in Public Health

@ Check for updates

OPEN ACCESS

Huachun Zovu,
Sun Yat-sen University, China

Natasa Krsto Rancic,

University of Nis, Serbia

Tamrat Abebe Zeleke,

Addis Ababa University, Ethiopia

Fengxia Xue
xuefengxia@tmu.edu.cn

"These authors have contributed
equally to this work

This article was submitted to
Infectious Diseases — Surveillance,
Prevention and Treatment,

a section of the journal

Frontiers in Public Health

23 May 2022
05 September 2022
09 November 2022

Wu M, Ma X, LiH, Li B, Wang C, Fan X,
Fan A and Xue F (2022) Which is the
best management for women with
normal cervical cytologic findings
despite positivity for non-16/18 high
risk human papillomaviruses?

Front. Public Health 10:950610.

doi: 10.3389/fpubh.2022.950610

© 2022 Wu, Ma, Li, Li, Wang, Fan, Fan
and Xue. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Public Health

Review
09 November 2022
10.3389/fpubh.2022.950610

Which is the best management
for women with normal cervical
cytologic findings despite
positivity for non-16/18 high risk
human papillomaviruses?

Ming Wu'?, Xiaotong Ma'?, Huiyang Li*?, Bijun Li'?,
Chen Wang'?, Xiangqin Fan'?, Aiping Fan? and Fengxia Xue®#*

!Department of Gynecology and Obstetrics, Tianjin Medical University General Hospital, Tianjin,
China, ?Tianjin Key Laboratory of Female Reproductive Health and Eugenic, Department of
Gynecology and Obstetrics, Tianjin Medical University General Hospital, Tianjin, China

Women who test positive for the human papillomavirus (HPV) but have
normal cytology constitute the predominant subgroup of patients in the
screening population in the post-vaccination era. The distribution of HPV
genotypes changed dramatically, which was attributable to an increase in HPV
vaccination coverage. These changes have created uncertainty about how
to properly manage women with normal cytology, non-HPV16/18 infections,
or persistent infections. Current recommendations include retesting and
continued surveillance in the absence of HPV16/18 infection. However,
these are not always applicable. The ability to implement genotyping or
incorporate HPV16/18 with some additional high-risk HPV (HR-HPV) types
for triage and management with the aim of identifying type-specific risks
in this population could be acceptable. When the next set of guidelines
is updated, generating potential triage strategies for detecting high-grade
cervical lesions, such as the pl6/Ki67 cytology assay and other alternatives
that incorporate genotyping with newer tests, should be considered. Current
clinical management is shifting to risk-based strategies; however, no specific
risk threshold has been established in this population. Importantly, innovative
triage testing should be evaluated in combination with primary screening and
management. Furthermore, there is an untapped opportunity to coordinate
HPV genotyping in combination with colposcopic characteristics to modify
risk in this group. Hence, providing a more personalized schedule through
the efficient application of risk stratification and improving the detection of
pre-cancer and cancer is an option worth exploring.

normal cytology, high-risk human papillomaviruses, risk discrimination, colposcopy,
management

Introduction

Human papillomavirus- (HPV-) based screening, either alone or in combination with
cytology, is reported to be more sensitive than cytology alone in detecting high-grade
squamous intraepithelial lesions (HSILs); this has reduced the number of subsequent
screening rounds required and has been used in several settings (1-3). Because HPV
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testing has a lower specificity than cytology, the management
protocol for women who are negative for intraepithelial lesion
or malignancy (NILM) but positive for non-16/18 high-risk
HPVs (HR-HPVs) remains a controversial issue in the current
screening context. The majority of women with positive HPV
test results are women who are NILM (4).

Current guidelines recommend that women who are NILM
be referred for colposcopy if HPV16/18 is positive, and that
those who are negative for HPV16/18 be retested within 1 year
(5, 6). On the other hand, women who are NILM and positive
for non-16/18 HR-HPVs continue to have an increased risk of
HSIL (7). When a screening strategy based on a repeat test is
applied to this group of women with poor attendance rates,
loss to follow-up may be a relevant issue (8). However, this
approach may not be generalizable across countries, particularly
those with a high prevalence of non-16/18 HR-HPV genotypes
(9). There is no established optimal screening management
strategy in place for women who are NILM but positive for
non-16/18 HR-HPVs.

Other triage options including incorporated cytology
and HPV16/18/31/33/45 genotyping should be considered
in countries with high rates of referral for colposcopy (8).
The significance of HPV genotyping in the early detection
of preneoplasia has been confirmed in some regions
(10), and the introduction of the HR-HPV genotyping
assay could improve the detection of early-stage HSIL,
thus extending the time interval to retest women who
are NILM beyond 1 year (10). Possible changes in the
distribution of HPV genotypes have been observed in
the post-vaccination era (11); likewise, the prevalence of
HSIL associated with HPV16/18 has decreased over the
years (12). Consequently, it is estimated that the national
rollout of HPV vaccination will reduce the number of
colposcopies by 10% within the first 3-4 years in developed
countries (12). However, due to multiple barriers, HPV
vaccines remain limited in low- and middle-income
countries (particularly in Africa and Asia) (13). The
development of novel methods of screening and triage,
such as immunohistochemistry methylation biomarker tests
and self-assessment kits, has addressed some of the needs in
low-income settings (14).

In this review, we examined the need for colposcopy
referral in women who are NILM but positive for non-
16/18 HR-HPVs by evaluating the risk for precursor
lesions relative to these types. We also summarized the
current management strategies (and their challenges)
for this population with the aim of providing a valuable
reference for policymakers to tailor further alternative
management  strategies  or

strategies ~ complementary

to colposcopy.
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Challenges

Overall prevalence

Women who are NILM but positive for HR-HPV account for
most of the subjects with positive screening results encountered
in routine practice, ranging from 6.7 to 14.9% (15-18). In
the overall population, the distribution of HPV genotypes in
a decreasing order of frequency is 16, 52, 31, 51, 18, 58,
39, 33, and 59 (19). HPV prevalence is determined by many
factors, including race, age, hygiene habits, vaccination coverage,
economic conditions, and availability and quality of health
infrastructures in local settings. For example, the five most
common HPV genotypes in developed and developing countries
are 16, 53, 52, 51, and 31 and 16, 52, 58, 18, and 53, respectively
(19). Furthermore, the distribution of HR-HPV genotypes
varies between US (20) and European (21) populations. Other
continents, such as Asia and Africa, have a high prevalence
of non-16/18 HPVs, with slightly different orders of frequency
for similar genotypes. The five most common HPV genotypes
in Asian and African women who are NILM are 16, 52, 58,
18, and 33 and 16, 58, 52, 35, and 18, respectively (22, 23).
The results are presented in Table 1. A systematic review of
42 African studies testing for HPV infection in 17,273 women
who were NILM (mostly from eastern Africa, with some from
western, southern, and northern Africa) found that the most
common HPV genotypes were HPV16, 52, 35, 18, 58, 51, 45,
31, 53, and 56 in descending order (24). However, there were
wide region-based variations in HPV infection rates. The highest
prevalence was found in southern Africa, followed by eastern,
western, and northern Africa (24). Other marked disparities
in the distribution of HPV infection have been observed in
different communities. In the Korean population, HPV16 was
the most prevalent genotype, followed by HPV53, 70, 58, and 52
(25); in China, the descending order of HPV genotype frequency
was 16, 58, 52, 53, 33, and 18 (26).

Several longitudinal and cross-sectional studies have
reported a relatively high prevalence of HSIL in women who
were NILM but positive for HR-HPV. The proportion of
HSIL or more advanced lesions ranges from 5.40 to 20.39%
(16, 27-29). Moreover, HSIL was detected in 7.5% (20/265) of
women who were NILM but positive for HR-HPV during the
follow-up period (9).

Risk for progression to cervical
preneoplastic lesions

Human papillomavirus is a major carcinogen in the uterine

cervix. Although most HPV infections tend to regress, there
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TABLE 1 Overall prevalence of most oncogenic types.

HR-HPV World Africa
genotypes
No. HPV No. HPV
tested Prev% tested Prev%
(95% CI) (95% CI)
16 453,184 2.8 (2.8-2.9) 19,726 2.4(22-2.6)
18 440,810 1.1(1.1-1.1) 19,726 14 (1.2-1.5)
31 415,367 1.2(1.2-1.2) 19,420 1.1(0.9-1.2)
33 413,075 0.7 (0.7-0.7) 19,420 0.9 (0.8-1.0)
35 396,307 0.5 (0.5-0.5) 19,324 1.7 (1.5-1.9)
39 389,537 0.9 (0.8-0.9) 18,288 0.7 (0.6-0.8)
45 394,993 0.7 (0.7-0.7) 19,324 1.3 (1.2-1.5)
51 387,242 1.1(1.1-1.1) 18,288 1.1(1.0-1.3)
52 394,732 1.5 (1.4-1.5) 18,384 1.7 (1.6-1.9)
56 393,968 0.8 (0.7-0.8) 18,288 0.9 (0.7-1.0)
58 403,023 1.0 (1.0-1.0) 18,384 1.7 (1.5-1.9)
59 380,168 0.7 (0.7-0.7) 18,288 0.8 (0.6-0.9)

HR-HPYV, high-risk human papillomavirus; No, number;Prev, prevalence.
Adjust from HPV and Related Diseases Report (19-23).

is a risk of preneoplasia and cancer, particularly in women
who are NILM but have non-16/18 HR-HPV infections. The
fact that HPV16/18 poses a considerable risk for developing
HSIL in women who are NILM is well-established in the
literature. Women with HPV16/18 infections have a higher risk
for HSIL and more advanced lesions than those with non-
16/18 HPV infections (15, 30). Several observational studies
have associated non-16/18 HR-HPVs with an increased risk
to cervical preneoplasia (Table2). A systematic review by
Bonde et al. (31) summarized recent studies that used HPV
genotyping to report the risk for HSIL. Two retrospective studies
analyzed the odds ratios (ORs) for HSIL in women who were
NILM but positive for HR-HPVs (26, 29). HPV genotyping
is a strong predictor of oncogenic progression risk (30, 32,
33). Longitudinal studies have reported the progression rate
of non-16/18 HR-HPVs (4, 18, 34). A recent meta-analysis
synthesized the cumulative risk for cervical preneoplastic
lesions by time for the most frequent non-16/18 HR-HPV
genotypes (Table 3).

According to HPV genotypes, different age groups have
different risks of progression over time (35). Moreover, the
prevalence and risk for HSIL decline with increasing age
in women who are NILM (1, 36). However, when an age
cutoff of 40 years was used, the prevalence of HSIL in
younger women who were NILM was significantly higher
than that in older women, and the group of older women
conferred a lower risk for cervical precursor lesions and a
higher risk for cancer compared to the group of younger
women (27).
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America Asia Europe

No. HPV No. HPV No. HPV

tested Prev% tested Prev% tested Prev%
(95% CI) (95% CI) (95% CI)
105,042 3.3(3.2-3.4) 142,676 2.3(22-2.4) 180,090 2.8 (2.7-2.8)
104,589 1.2(1.1-1.3) 134,981 1.1 (1.0-1.1) 178,318 1.0 (0.9-1.0)
101,222 1.3 (1.2-1.3) 124,291 0.6 (0.6-0.6) 164,983 1.5 (1.4-1.6)
101,346 0.6 (0.6-0.7) 124,689 0.7 (0.7-0.8) 164,623 0.7 (0.7-0.7)
100,087 0.6 (0.5-0.6) 120,080 0.3 (0.3-0.4) 153,819 0.4 (0.3-0.4)
99,690 1.1(1.0-1.2) 114,047 0.6 (0.6-0.7) 152,061 0.9 (0.8-0.9)
100,495 0.8 (0.8-0.9) 116,818 0.4 (0.4-0.4) 155,359 0.7 (0.7-0.8)
96,789 13 (1.2-1.4) 114,924 0.6 (0.6-0.7) 154,244 1.3(1.2-1.4)
99,941 1.2(1.2-1.3) 119,710 2.0 (1.9-2.0) 153,700 12(1.1-1.2)
99,878 0.8 (0.8-0.9) 119,318 0.6 (0.6-0.7) 153,487 0.8 (0.8-0.9)
99,215 1.0 (1.0-1.1) 127,203 1.3 (1.2-1.3) 155,224 0.7 (0.6-0.7)
100,053 1.1 (1.0-1.1) 108,317 0.3 (0.3-0.4) 150,513 0.7 (0.6-0.7)

03

Risk for HPV persistence with normal
cytology

The different oncogenic potentials of genotypes confer
disparate risks for cervical precancerous lesions in women
who are concurrently NILM and HPV positive. However, an
HPV infection must be persistent to cause precursor lesions
and cancer. The natural history of HPV infection is well-
documented. It has been demonstrated that women who are
NILM but have HPV persistence after a baseline HPV-positive
test have an increased risk of HSIL. The rate of oncogenic
development in natural course models of precancerous lesions
and cancer is a crucial parameter because it determines the age
at which models predict that HSIL will be identified during
screening (32). Women who have HPV persistence after a
baseline HPV-positive test and are NILM tend to develop
cervical lesions at a shorter interval than that is recommended
by guidelines for specific follow-up testing (37). Prospective,
high-quality follow-up studies will be beneficial, particularly in
determining the proper follow-up interval for this group.

Human papillomavirus genotypes vary substantially in
terms of cumulative risk and annual rate of progression to pre-
cancer (38). Women who are NILM but have persistence of
the same HPV genotype have a higher risk of HSIL than those
who have had a prior infection eliminated only to re-infect
with a different HPV genotype (39). HPV persistence is strongly
associated with the occurrence of cervical preneoplasia, but
this association also increases in cases of infection with specific
genotypes (37, 40). The most common genotypes in women who
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TABLE 2 Risk of progression to cervical preneoplastic lesions.

10.3389/fpubh.2022.950610

HPV genotypes Bonde et al. (31) Wang et al. (29) Zhang et al. (26)
Risk of HSIL+ stratified by HPV's OR for HSIL+ (95% CI) OR for HSIL+ (95% CI)
(=30y)
16 ~8to 25% 3.576 (2.442-5.238) 16/18: 3.26 (2.41-4.40) 16/18/31/33:
4.21(2.99-5.93) 16/18/31/33/52/58: 5.73
(3.30-9.97)
18 18,31 and 33: ~5 to 10% 1
31 2.633 (1.205-5.753)
33 2.386 (1.101-5.172)
45 ~1.7 t0 3.7% 0.347 (0.045-2.670)
52 ~1.2to0 3.8% 1.819 (1.096-3.020)
58 ~0.4to 1.4% 1.340 (0.749-2.395)
35 ~0.8 to 6.0% 1.461 (0.469-4.554) NR
39 ~0.8to 3.1% 0.336 (0.100-1.130) NR
51 ~1.1to 1.8% 0.463 (0.158-1.355) NR
53 NR 0.090 (0.012-0.670) NR
56 ~0t0 0.8% 0.341 (0.101-1.149) NR
59 ~0t0 0.6% 0.217 (0.029-1.639) NR
66 ~0to 1.2% 0.356 (0.082-1.542) NR
68 ~0to 0.7% 0.302 (0.070-1.300) NR
OR, odds ratio; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; NR, not reported.
TABLE 3 The progression rates by time for the most frequent non-16/18 HR-HPV genotypes.
HPYV type Cumulative CIN2+ risk (%)
1 year 3 year 5 year

(95% prediction interval)

(95% prediction interval)

(95% prediction interval)

HR non—16/18 2.8(0.0-10.2)
31 4.1 (0.0-11.4)
33 4.3 (0.0-11.6)
35 3.0 (0.0-10.4)
45 3.2(0.0-10.5)
51 3.1 (0.0-10.4)
52 3.3(0.0-10.6)
58 3.3(0.0-10.6)
59 3.1(0.0-10.4)

3.7 (0.0-11.0) 4.6 (0.0-11.8)
7.5 (0.0-14.6) 10.8 (3.2-17.8)
8.1(0.3-15.2) 11.7 (4.0-18.8)
4.5(0.0-11.7) 5.8 (0.0-13.1)
4.8 (0.0-12.1) 6.4 (0.0-13.6)
4.6 (0.0-11.8) 6.0 (0.0-13.2)
52 (0.0-12.4) 7.1(0.0-14.2)
52 (0.0-12.5) 7.1(0.0-14.3)
4.5(0.0-11.8) 6.0 (0.0-13.2)

Adjust from Malagon et al. (32).

were NILM were HPV16, 52, 58, and 33, and the majority of
subjects developed cervical preneoplasia within 24 months of
HR HPV persistence (37).

High-risk HPV persistence is a crucial contributor to the
pathophysiology of cervical lesions (precancerous) and cancer,
with preneoplastic lesions taking several years to develop
(41). However, most patients undergo clinical HPV clearance
within a few months, indicating that other potential cofactors,
such as host and vaginal microbiome disturbances, may be
involved in the progression of cervical carcinogenesis. There
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is evidence that both host innate and adaptive immune
responses, which are thought to be critical for viral clearance,
can be inhibited by oncogenic HPV types, thus dampening
the host immune response (42). Epidemiological links have
identified relationships between vaginal dysbiosis and HPV-
related diseases (particularly bacterial vaginosis), which are
relevant to the risk factors involved in the initiation and
development of HPV infection (43-46). The relationships
among vaginal lactobacillus, HPV-related diseases, and HPV
clearance have also been characterized. A trend toward
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TABLE 4 Summary of the current major guidelines in the management of negative for intraepithelial lesion or malignancy (NILM) women positive

for non-16/18 HR-HPVs.

Body Country Year
ACS (3) USA 2012
ACOG (5) USA 2016
ASCCP (6) USA 2012
ASCCP (49) USA 2020
NCSP (50) Australia 2020
JSOG and JAOG (51) Japan 2019
ESGO-EFC (52) Europe 2020
NHS (53) England 2020
DHC (54) Netherlands 2019

Management

HPV16/18 HR non-16/18 HPVs

Refer to colposcopy Repeat cotesting 12 months

Refer to colposcopy Cotested in 12 months

Refer to colposcopy Repeat co-testing in 1 year

Use risk discrimination to determine the best course of action for

different screening results

Refer to colposcopy Cotested in 12 months

Refer to colposcopy -

Retested for hpv in 12 months or for cytology in 6-12 months
Have the hpv test repeated at 12 months

Follow-up testing of HPV-positive women with normal cytology

ACOG, American College of Obstetricians and Gynecologists; ACS, American Cancer Society; ASCCP, American Society for Colposcopy and Cervical Pathology; DHC, Dutch Health

Council; ESGO-EFC, European Society of Gynecologic Oncology and the European Federation of Colposcopy; NHS, National Health Service; JSOG, Japan Society of Obstetrics and

Gynecology; JAOG, Japan Association of Obstetricians and Gynecologists; NCSP, Australian National Cervical Screening Program.

slower disease regression was observed in women with non-
lactobacillus predominance at baseline than in those with
Lactobacillus crispatus or Lactobacillus iners predominance at
the time of HSIL diagnosis (47).

Therefore, recognizing the natural history of precancerous
lesions, cancer, and other potential cofactors is of great clinical
importance for determining specific risk thresholds and proper
clinical screening intervals, particularly in women who are
NILM positive for non-16/18 HR-HPVs. In addition, it has
been observed that the maintenance of the vaginal microbiome
and the improvement of vaginal microecology favor the
regression of cervical lesions through a prebiotic effect (48).
Elucidating the potential for therapeutic manipulation of vaginal
microbiota holds promise for improving outcomes regarding
HPV clearance and cervical lesions.

As discussed earlier, these data highlight that women who
are NILM but positive for non-16/18 HR-HPVs are still at risk of
developing precancerous lesions and cancer beyond 3 or 5 years.
The differences in the likelihood of developing precursor lesions
and cancer depend primarily on the carcinogenic potential of
different genotypes and on geographic and ethnic variations.

Limitations on current management

The current major guidelines for the management of women
who are NILM but positive for non-16/18 HR-HPVs are
reported in Table 4. Current triage methods for these women
include referral for colposcopy, retesting after 1 or more years,
HPYV genotyping, and other new approaches.

Partial HPV triage of normal cytologic findings offers
an effective approach to discriminate between women with
HPV16/18 infections and those with non-16/18 infections;
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however, the implementation of this strategy is limited by the
higher distribution of non-16/18 HR-HPVs in women who
are NILM. HPV16/18 genotyping is unlikely to be effective
in triaging women who are NILM but positive for HR-HPV;
it has a positive predictive value (PPV) of 11% and is not
generalizable to younger women who have been vaccinated
for HPV. Conversely, the HPV E6/E7 messenger ribonucleic
acid (mRNA) assay may play a role in risk management
in this population (55). The data reported by Bonde et al.
(31) supported the concept that the management of women
positive for HPV18, 31, 33, 45, 52, or 58 could be developed
according to regional risk thresholds, including retesting
and colposcopy, based on a genotype risk continuum. Risk
stratification based on HPV genotyping may not be generalizable
to other regions in population-based screening. However,
infection is cleared within 3 years in approximately three-
fourths of women who are NILM but positive for non-16/18
HR-HPVs, indicating that the current management strategy
of annual repeat testing and referral after 2 years may be
inaccurate (56).

Another unresolved problem is the management of women
who are NILM but have HPV persistence after two rounds
of triage (4), including the triage of older women with HPV
persistence. Recognizing that women who are NILM but have
non-16/18 HR-HPYV persistence are still at risk for precancerous
lesions; however, the utility of the current strategy is confined
to a higher risk in women who have type-specific persistence of
non-16/18 genotypes. This is especially true for younger NILM
women, who had a significantly higher HSIL prevalence than
older women (27). When no precursor lesion is detected at
the initial screening, there is no agreement on the duration
of follow-up on non-HPV16/18 persistence before referral to
colposcopy or treatment. Moreover, as the frequency of HSIL in

frontiersin.org


https://doi.org/10.3389/fpubh.2022.950610
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

older women is very low and most diseases are related to other
genotypes, should these women be offered excision to remove
the disease? Should they be screened yearly until they become
HR-HPV negative or can the decision to cease screening be
based on the specificity of persistent normal cytology? These
questions remain unanswered (1). When modern assays are
utilized before guideline panels can deliver an alternative to
colposcopy for these women, additional information on the
long-standing risk for HSIL according to HPV type-specific
persistence of genotypes other than 16/18 in women who are
NILM is needed.

Colposcopy

The role of colposcopy in predicting cervical disease and
in cervical cancer screening remains controversial. Colposcopic
impression of underlying disease appears to be less effective in
the presence of non-16/18 HPVs and in those over the age of
50 (1). Since the prevalence of HPV16/18 is decreasing, the risk
for progression in women infected with non-16/18 HR-HPVs is
higher in HPV16/18-vaccinated populations. Accordingly, the
performance of colposcopy in predicting precancerous lesions
may be poor. Aydin et al. (28) suggested that, among cytology-
negative women, a lower PPV for HSIL was observed in subjects
positive for HPVs other than 16/18 than in women positive
for HPV16/18 (5.1%; 95% confidence interval (CI), 1.9-12.1
vs. 14.7; 95% CI, 8.4-24.3). Furthermore, cytologic findings,
genotypes, age, and operator experience all play an important
role in the overall diagnostic performance of colposcopy (57).

Opportunities

New options for colposcopy

According to the literature, vaccination will not fully
avert an increase in colposcopy referrals and the detection of
preneoplasia in the first 2-3 years of HPV-based screening.
Given the herd effect of the HPV wvaccine, the amount
is thought to be reduced after 5-6 years, and then by
approximately 20% (12, 58). It is also predicted that the
increase in HR types 31/33/45/52/58 needs to be re-evaluated
once the nanovalent vaccine effect becomes more reliable (12).
Consequently, because the effect of vaccination on colposcopies
and cervical preneoplasia will be gradual, ways of delivering a
more personalized schedule by applying risk stratification and
thus improving the identification of precancerous lesions and
cancer are worth exploring.

In screening management settings, women who are NILM
may have a greater association with smaller and undetectable
lesions than those who have cytological abnormalities (59).
HPV16-associated premalignancy appears to progress faster
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(60) than non-16 HPV-associated premalignancy (17, 61, 62).
Given the differences in non-16/18 HPV genotypes, their
correlation with HSIL, and their colposcopic performance, it is
still possible to coordinate HPV genotyping in combination with
colposcopy to refine risk in the NILM group positive for non-
16/18 HR-HPVs in the foreseeable future, although this strategy
is underutilized.

Cytologically false-negative results

Morphological appearance is less sensitive and highly
subjective and can therefore lead to false-negative results
(55, 63). Women infected with non-16/18 HR-HPVs or
mixed-HPV  genotypes are more frequently associated
with misleading lower-grade cytomorphology than those
HPV16/18 genotypes,

results

infected with single accounting
for false-negative
tests (64).

The interpretation of cytomorphology is influenced by

or underdiagnosis on Pap

sampling, different cytologic presentations, and other factors
(e.g., age and physical or pathological changes). The paucity of
abnormal cells is the major cause of cytological differences, and
variations in interpretation are affected by opaque inflammation
(55, 65). Furthermore, other confounders (i.e., low cellularity,
obscured nuclear features due to nuclear crowding and
overlapping, presence of pale immature metaplastic cells, and
a lack of diagnostic cells) contribute to low sensitivity of
cytology (55).

The limitations of cytological interpretation mentioned
earlier highlight the need to add an objective screening method
with higher sensitivity, such as the HPV assay and pl6/
Ki-67 dual-stained (DS) cytology. Combining cytology and
HPV testing is intended to improve the detection of cervical
abnormalities in the future (64). The addition of DS also ensures
good clinical performance in detecting cervical precursor lesions
and cancer, with sensitivity and specificity similar to HR-
HPV and cytology (66). Over 5 years, DS screening provides
better long-term risk discrimination than cytology alone (67).
A prospective observational trial indicated that DS cytology
was considerably more sensitive and specific than HPV16/18
genotyping combined with cytological triage of non-16/18 HPV
genotypes in predicting the risk for HSIL (68). Clarke et al.
(67) demonstrated that HPV-positive women with DS-negative
findings conferred a significantly lower 5-year risk of HSIL
than women who were NILM (8.5%; 95% CI, 6.5-11.1% vs.
12.3%; 95% CI, 9.8-15.4%; p = 0.04). The low risk for cervical
preneoplasia in DS-negative women allows safe extension of
follow-up intervals to 3 years. Moreover, Li et al. (69) compared
the Dalton (DS kit produced by Hangzhou Dalton Biosciences)
and CINtec® PLUS pl16/Ki-67 dual stain in HPV-positive
Chinese women and found that DS cytology was valuable for
triaging HPV-positive women.
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Triage and management

Cervical lesions linked to non-16/18 HR-HPV infections
in the
population due to the dramatic change in the distribution

represent the predominant subgroup screening
of HR-HPV genotypes among vaccinated women (32, 70-72).
Developing a highly effective test for detecting precursor
lesions and cancers, as well as providing individually specific
management approaches, which will improve the survival of
women, are of paramount relevance in population screening.
The updated 2019 American Society for Colposcopy and
Cervical Pathology guidelines reflect a significant shift toward
risk-based screening to identify women at risk for precancerous
lesions. This risk-based management approach delivers a
more personalized schedule for population-based screening of
women. Table 5 shows the distribution of HPV genotypes with
specific applications to non-16/18 HPV genotypes in different
geographical areas.

As HPV testing assays become more well-established, the
genotype and duration of infection can allow for more accurate
risk evaluations (38). HPV genotyping, which is considered a
type of triage and includes partial and extended genotyping
as well as combining the most oncogenic with additional
genotypes, can be used to optimize the management of women
who are NILM (73, 74).

The data presented by Arbyn et al. (71) confirm that
implementing partial genotyping schedules allows for a better
balance of the benefits of screening compared with colposcopy
referral because women with “other HR-HPV type” infections
can be managed differently from those with HPV16/18
positivity. Management stratified by the presence of HPV16/18
could be more efficient (at the expense of small losses) in
the detection of cervical preneoplasia. In contrast, data from
the HPV Pilot Steering Group in England provided very little
additional information on the benefits of HPV16/18 genotyping
(75). Moreover, the strategy of recalling women who are
NILM and have HPV persistence after 2-3 years and then
referring those who develop moderate+ cytology and type-
specific persistence for colposcopy could be optional (56).

Extended genotyping is an important part of precise risk
evaluation and appropriate clinical management and offers the
opportunity to apply risk discrimination and tailor management
(e.g., 12-vs. 24-month follow-up or retest). Increasing evidence
supports the concept that extended HPV genotyping is effective
for risk stratification in women who are NILM (70). The
study by Mark et al. (76) suggested that risk-informed
management was supported by accurate risk strata through
extended genotyping. Their results showed that HPV16 and
31 exceeded the risk threshold for colposcopy referral, HPV18,
33/58, and 52 formed an intermediate-risk band, and HPV45,
51, 35/39/68, and 56/59/66 formed the lowest-risk band. The
management of women who are positive for intermediate-
or lower-risk genotypes may evolve based on refined risk
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evaluations and clinical factors. Given the recent US Food and
Drug Administration (FDA) approval for extended genotyping,
guidelines regarding HPV typing are required (74). Further
colposcopy referral based on extended genotyping may be
explicitly exploited to rapidly change the prevalence of HPV
genotypes in young, vaccinated women.

Multiple studies have illustrated different approaches to
triage for women who are NILM but positive for non-16/18 HR-
HPVs, as presented in Table 5. A longitudinal study of 33,858 US
women undergoing routine screening suggested that the efficacy
of overall HPV testing and testing for specific genotypes (16, 18,
and 45) was clinically validated for co-testing in women who
were NILM (77). In a study carried out in northeastern China,
Zhang et al. (26) recommended that HPV31/33 genotyping be
added to HPV16/18 genotyping in triaging the NILM/HPV+
group; this recommendation supports immediate colposcopy
for women with HPV16/18/31/33 infections. Moreover, a
cross-sectional study of 5,456 women in Thailand found that
adding HPV52/58 genotyping to HPV16/18 genotyping might
effectively improve the performance of triage in detecting
histological HSIL (78). Therefore, the ability to incorporate
the most carcinogenic types into additional genotypes may be
acceptable for the triage and management of women who are
NILM to identify type-specific risks.

In addition, the DS cytology assay, which has been approved
as a triage test by the FDA, is more accurate in detecting
preneoplasia in HPV-positive women than cytology alone
(74). This combined assay has recently been approved as
an HPV screening test because of its minimal invasiveness,
greater accuracy in detecting precancerous lesions, and the
elimination of unnecessary colposcopy referral (73, 74, 79-81).
DS, either alone or in combination with HPV16/18 or extended
genotyping, is the preferred technique for valuable triage of
colposcopy in HPV-positive women (82, 83). Furthermore, DS is
a desirable triage option for vaccinated women with an increased
frequency of HPV16/18 infections because it performs well in
HPV16/18-negative women in terms of risk stratification (80).
Moreover, Song et al. (73) reported that pl6 immunostaining
detected 83.1% (79.2%) of underlying CIN2+ (CIN3+) in 2,731
women who were NILM but positive for HPV, when extended
genotypes were utilized. These data suggest that p16 staining
is more beneficial than HPV genotyping alone in triaging this
population (73).

Several innovative screening assays have been introduced,
including HPV triage protocols (HPV mRNA and DH3),
surrogates for cytology (automated DS cytology), biomarkers
(viral load and deoxyribonucleic acid (DNA) methylation), and
other technologies (deep learning-assisted visual triage and
self-sampling technology). For instance, in China, the DH3
HPV assay, a newly developed RNA-DNA hybrid capture-
based technique similar to the Hybrid Capture 2 (HC2), has
been utilized (in combination with HPV16/18 genotyping) for
cervical cancer screening (30, 84, 85). The clinical performance
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TABLE 5 Specific application to non-16/18 HPV genotypes in different geographical areas.

10.3389/fpubh.2022.950610

Study Country Specific Population HPYV testing Distribution Main findings  Specific
application assay of HPV application to
genotypes in non-16/18
descending HPV
order genotypes in
NILM women
Khuna- Thailand 16/18+-addition N =226, age > 25 HC2 and Linear HPV52 (74,32.7%), The rate of Addition of
mornpong ¥, NILM women Array (Roche HPV39 (38, 16.8%), histologic HSIL+in  genotyping for
etal. (78) positive for HPV Molecular System, HPV68 (25, 11.1%), each genotype was ~ HPV52/58 or
Inc., Branchburg, HPV16 (24, 10.6%), above 10% for HPV31/52/58 to
NJ, USA) HPV51 (17,7.5%),  HPV16 (16.7%), HPV16/18 in NILM
HPV56 (17, 7.5%), HPV31 (13.3%), women
HPV31(15,6.6%), HPV52 (14.9%),
HPV18 (12, 5.3%) and HPV58 (16.7%)
Stoler et al. USA 16/18+-addition N = 22,383, age > Onclarity (Becton, HPV16/18: 423 HPV 16, 18,45,and  Detection of
(76,77) 30y, NILM women  Dickinson and (1.9%) HPV18/45: the other 11 individual HPV 16,
Company, BD Life 208 (0.9%) genotypes had 18, or 45
Sciences-Diagnostic ~ HPV16/18/45:538 ~ CIN3 or higher
Systems) (2.4%) risks 0of 6.9, 2.6, 1.1,
and 2.2%,
respectively
Zhang et al. China 16/18-+addition N =2,665,age > 25 HPV GenoArray HPV16 (874, OR for HSIL+ (95%  Addition of
(26) and <65y, NILM test kit (Hybribio 30.2%), HPV58 CI): HPV16/18: genotyping for
women positive for  Ltd., Hong Kong). (452, 15.6%), 3.26 (2.41-4.40) HPV31/33 to
HPV HPV52 (395, HPV16/18/31/33: HPV16/18
13.6%), HPV53 4.21(2.99-5.93)
(380, 13.1%), HPV16/18/31/33/52/58:
HPV18 (224,7.7%),  5.73 (3.30-9.97)
HPV33 (208, 7.2%)
Xu et al. (30) China Domestic HPV N = 2,180, age DH3 (a novel HPV other HPV+:  The cumulative DH3 HPV assay
Testing 30-64 years, NILM  domestic high-risk 140 HPV16/18+-:30 absolute risk for the ~ demonstrated
women HPV testing based ~ HPV16/18& other development of excellent clinical
on hybrid capture) ~ HPV+: 15 CIN2+ was 37.8% performance
for HPV 16/18 against CIN2+
positive women, detection and utility
followed by of risk stratification
HR-HPV positive
(14.6%), other
HR-HPV positive
(11.0%) and HPV
negative (0.3%) in 3
years
(Continued)
Frontiersin Public Health 08 frontiersin.org


https://doi.org/10.3389/fpubh.2022.950610
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

TABLE 5 (Continued)

10.3389/fpubh.2022.950610

Study Country Specific Population HPYV testing Distribution Main findings  Specific
application assay of HPV application to
genotypes in non-16/18
descending HPV
order genotypes in
NILM women
Songetal. (73)  China extended N =2,731, age Seq (BGI Shenzhen, HPV16 (23.7%), The p16 positivity Genotyping for
genotyping 30-64 years, NILM  Shenzhen, China) HPV52 (16.7%), rates among three HPV16/33 could be
+pl6NK women positive for HPV58 (14.0%), genotype strata utilized; p16
immune-staining HPV HPV51 (11.1%), were 40.2% immunostaining,
HPV18 (10.5%) (HPV16/33),22.9% either alone or
(HPV58/31/35), combined with
and 18.8% (other 9 extended genotypes,
types), respectively,  is more effective
increasing with the ~ than HPV
elevation of genotypes alone
hierarchical types (p
< 0.0001); three
triage strategies
were favorable in
sensitivity and/or
specificity to the
‘HPV16/33+
strategy: p16-+;
‘HPV16+ or
HPV33/58/31/35 +
&pl6+’;
HPV16/18/31/33/45/52/58
+ &pl6+
Wright et al. USA DS N = 4,927 Cobas 4,800 and in NILM women: In 12 “other” DS is effective for
(68) HPV-positive cobas 6,800/8,800 12 other HPV+and  HPV-positive triage of
women NILM HPV (Roche DS+: 750 (34.2%) women, sensitivity HPV-positive

women: 3,090

Molecular Systems,
Inc, Pleasanton,

CA)

12 other HPV+ and
DS-: 1,444 (65.8%)

of DS for >CIN2
and >CIN3 at
baseline was 83.0
and 86.0%,
respectively,
significantly higher
as compared to the
respective

sensitivity estimates

of cytology

women, either
alone or when
combined with

partial HPV

genotyping

HPV, human papillomavirus; NILM, negative for intraepithelial lesions or malignancies; CIN, cervical intraepithelial neoplasia; DS, p16/Ki-67 dual-stained cytology.

of the assay in identifying HSIL was comparable to that of the
Cobas 4800 HPV and HC2 tests (84, 85). Comparisons between
DH3 and Cobas 4800 revealed similar results in terms of HSIL
detection (93.3 vs. 91.1%, 91.2 vs. 91.8%, 12.0 vs. 12.5%, and 99.9
vs. 99.9%, for sensitivity, specificity, PPV, and negative predictive
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value, respectively) (85). Similarly, the observed agreement

between the assay and HC2 was 99.2% («

= 0.938); the

reported sensitivity of DH3 for HSIL was equal to that of HC2
(98.67%) (84). Moreover, this assay showed superior clinical

performance in terms of HSIL detection and risk discrimination
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in Chinese women who were NILM (30). HPV16/18 genotyping
showed high sensitivity (91.7%) and specificity (85.7%) for HSIL
detection (30). Due to its concurrent HPV16/18 genotyping
and non-polymerase chain reaction- (PCR-) based benefits, the
DH3 HPV assay may have triage applications in developing
countries. The FAM19A4/miR124-2 methylation test, another
novel technology, was developed to screen and diagnose (a triage
test). It is thought to have the potential to supplement cytology
as a triage modality in HPV-based screening contexts (86—
88). A Dutch study evaluating the cross-sectional performance
of this test showed similar sensitivity and specificity between
the test and cytology (71.3 vs. 76.0% and 78.3 vs. 87.0%,
respectively) (87). This methylation test is highly sensitive for
HSIL compared with the combination of cytology and HPV
genotyping (93 vs. 86%) (89). There is evidence that a negative
FAMI19A4/miR124-2 methylation test has similar or better long-
term performance than normal cytologic findings for detecting
cervical precancerous lesions and cancer (86, 87). In addition,
methylation and/or HPV genotyping in HPV-positive women
with low-grade cytology can reduce the number of colposcopy
referrals (90). Further evidence is needed for the cross-sectional
and long-term evaluation of the test in women who are NILM
but positive for non-16/18 HR-HPVs. Moreover, it has been
demonstrated that the HR-HPV mRNA APTIMA assay, which
detects 14 HR-HPV types, may be a beneficial triage modality
in HPV DNA-positive postmenopausal women with negative
cytological findings (65).

The anticipation of these screening options will provide a
promising insight into developing a proper screening program
in women who are NILM in collaboration with cytology.
Nevertheless, clinical evidence for these performances is still
being studied, particularly in association with risk prediction
during a follow-up.

Conclusion

In conclusion, our review supports the combination of
various HPV genotyping assays and recommends that HPV
persistence and regional contexts be considered in overall
assessment, follow-up, and management in women who are
NILM, which will allow for the evaluation of genotype-specific
test outcomes and will support risk discrimination or tiered
risk stratification. It will also reduce the burden of colposcopy
referral as clinicians will be able to better distinguish
women with HPV persistence from those with incidentally
detected HPV infection. It is noteworthy to consider extended
genotyping based on different natural courses and risk
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profiling (38). Moreover, considering the regional disparities
and distinguishable oncogenicity of HPV types, we suggest
developing a screening algorithm based on risk-informed
HPV genotyping that combines clinical factors and colposcopy
impression. When used sequentially and in coordination,
this will classify women based on risk (from the highest
to lowest likelihood of developing precancerous lesions),
guide colposcopy referral, and limit overtreatment in the
population. Furthermore, it is possible that the introduction of
new, accurate, and precise biomarkers will replace traditional
cytology in the detection of precancerous conditions. Perhaps
emerging innovative advancements will allow risk evaluation
through screening or triage tests, rather than solely through
colposcopy-guided biopsy.
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