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Objective: The aim of the study was to examine whether high-grade cer-
vical intraepithelial neoplasia (CIN) was more closely associated with hu-
man papillomavirus (HPV) same-genotype persistence (SGTP) versus
clearance of prior infection with a subsequent infection by a new genotype
(genotype switch [GS]), clearance of HPV infection, or acquisition of a
newHPV infection after a negative infection status, during a follow-up test-
ing subsequent to abnormal screening results.
Materials and Methods: MEDLINE, Cochrane Library, Health Tech-
nology Assessment, and clinicaltrials.gov were searched from January
2000 to July 2019 for prospective controlled trials and observational stud-
ies of women and retrospective studies using HPVassayswith extended- or
full-genotype reporting. The primary outcome was high-grade CIN after at
least 2 rounds of testing. Overall quality of evidence for the risk estimate
outcomes was assessed. Of the 830 identified abstracts, 66 full-text articles
were reviewed, and 7 studies were included in the synthesis. The study
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Results: Continued HPV-positive women falls in 2 equally large groups:
SGTP andGS. Sensitivity, positive predictive value, and positive likelihood
ratio of SGTP were significantly higher than for GS. Human papillomavi-
rus genotypesmay be ranked into 3 tiers (immediate colposcopy, follow-up
testing, return to routine screening), according to associated risk of persis-
tence for high-grade CIN and to prevailing clinical action thresholds.
Conclusions: There is moderately high-quality evidence to support the
clinical utility of SGTP to improve risk discrimination for high-gradeCIN com-
pared with qualitative HPV testing without genotype-specific information.
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G uidelines for human papillomavirus (HPV) genotyping in
management of cervical cancer screening are gaining mo-

mentum internationally. The continued technologic advances in
HPV screening methods increase the number of validated HPVas-
says allowing for reporting of genotype-specific test outcomes.
The clinical implications of specific genotypes, i.e., HPV 16 and
18, is reflected in differential management compared with the
other carcinogenic HPV genotypes with lower risk for high-grade
cervical intraepithelial neoplasia (CIN) or cancer. Several coun-
tries already use limited genotyping for HPV 16 and 18 as an
integral element in algorithms to stratify women for a specific
follow-up reflecting the increased risk profiles of infection
with these genotypes. However, for an HPV infection to cause
high-grade CIN and cancer, it must be more than a transient in-
fection; it must be persistent.1,2 To date, guidelines only factor
in persistence as a qualitatively measure of finding HPV in sev-
eral samples spaced in time. However, today's HPV technology
for routine screening with individual reporting of multiple
HPV genotypes offers a more refined approach allowing as-
sessment of same-genotype persistence (SGTP) over time; clin-
ical information can then be included in the risk-based clinical
action threshold calculations. This systematic review summa-
rizes the findings from published studies evaluating the risk
of high-grade CIN 2 or 3 after persistent HPV infection.

Today, it is well documented that individual oncogenic HPV
genotypes have differential carcinogenic potential, with HPV 16,
18, 31, and 33 having the highest absolute risks of CIN 2 or higher
or CIN 3 or higher.1,3–5 A recent systematic review has summa-
rized the current evidence on oncogenic HPV genotypes with re-
spect to risk stratification in cervical screening.6 Along this line,
countries such as Denmark and Norway are actively looking to ex-
tend the number of HPV genotypes, which are individually re-
ported with specific management recommendations in screening
algorithms aimed at increasing the specificity ofmolecular screen-
ing algorithms. The International Agency for Research on Cancer
classifies 12 HPV genotypes as carcinogenic (group 1: HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59), whereas HPV 68 is
probably carcinogenic (group 2A) and HPV 66 is possibly carci-
nogenic (group 2B).7–9
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Same-genotype persistence is strongly associated with a high
risk of progression to high-grade disease and development of cer-
vical cancer,1,8,10–22 and practically all cervical cancers are caused
by SGTP, but conversely, not all SGTP results in cervical cancer.
The key evidence in this respect is that women with SGTP have
an increased risk of CIN 2 or higher (hazard ratio [HR] = 75,
95% CI = 32 to 179) compared with women who are HPV nega-
tive at 2 subsequent visits. Furthermore, if a baseline HPV infec-
tion(s) was cleared at the subsequent visits (HPV clearance), the
woman's risk of cervical cancer risk was not significant compared
with a noninfected woman.1

From a management standpoint, the challenge is the ability
to compare a concurrent screening result with previous results.
This requires detailed testing, reporting, and registration, not only
of qualitative (“positive” versus “negative”) HPV test results but
also of genotype of the individual findings. With current (pooled
qualitative) technology, the reported data resolution does not allow
the clinician to determine whether a given HPV infection is most
likely new (transient) or most likely a repeat finding (persistence).
The relative carcinogenic potential over time of individual HPV
genotypes, on the other hand, is well established in literature.
For risk-based algorithms to work optimally, knowledge on pres-
ent and former test outcomes with detailed reporting of HPV ge-
notype finding(s) is required to develop the optimal follow-up
recommendation. In this systematic review, wewill distinguish be-
tween qualitative-pooled HPV persistence (QPHP) test results
(any HPV genotype infection at both the first time point and the
subsequent time point) and results with reporting of findings with
respect to individual HPV genotypes detected.

Despite the established evidence involving persistence and risk
for CIN 2/3 and cancer, most clinical practice guidelines as of 2019
donot include SGTPas a risk parameter outside referringHPVwomen
for a retest within a defined timeframe; typically 12–18 months.23

Today, from a clinical management perspective, women with
HPV-positive test results can be triaged into high-grade cytology,
low-grade cytology, or cytology triage negative subgroups. If tri-
age include high-grade squamous intraepithelial lesion, atypical
squamous cells – high-grade squamous intraepithelial lesion can-
not be excluded (ASC-H), or atypical glandular cells, the woman
would be referred to colposcopy according to most guidelines. If
the subsequent colposcopy result is CIN 1 or negative, the man-
agement decision is typically surveillance with retesting, usually
at 12 months. With qualitative HPV testing, continued surveil-
lance is an option only for HPV-negative women. On the other
hand, evidence of clearance of a prior genotype and new genotype
infection could instead result in a management decision to retest
after an interval and avoidance of colposcopy.24–26

Human papillomavirus–positive women with negative for in-
traepithelial lesions or malignancies (NILM) or low-grade cytol-
ogy triage outcomes represent the predominant subgroup in the
screening population. These women may be managed by retesting
after 12 months or by referral to colposcopy, depending on the
guideline. The most often-seen recommendation in this respect
when using limited genotyping is women positive for HPV 16 or
HPV 18 who are referred to colposcopy, regardless of cytology
results.25,27–30 If the surveillance test result is HPV negative, the
woman may be recommended to return in 3 years for retesting.28,30

If the absolute risk of a new infection after a prior abnormal screen-
ing result is less than the colposcopy threshold, then awoman could
undergo continued surveillance rather than colposcopy. For these
cases, genotyping would greatly enhance the ability to clinically
distinguish between women with the highest-risk genotypes like
HPV 16, 18, 31, and 33, compared with those with an infection
by lower-risk oncogenic HPV genotypes.6

Recently, the US American Society for Colposcopy and Cer-
vical Pathology 2019 guideline panel adapted a risk-based
28 © 2020 The Au
guideline for revision of cervical cancer screening and manage-
ment of abnormal results.26,30–33 Risk factors included prior re-
sults, age, vaccination history, and concurrent screening results.
Here, the clinical utility of genotyping results for persistence
tracking would be determined by several factors. First, the sensi-
tivity of SGTP can never be greater than the sensitivity of
high-risk QPHP result (no genotyping), as all positives are cov-
ered by the pooled results. The specificity of SGTP, however,
can be significantly improved compared with pooled outcomes
as SGTP may be used to identify women with a genotype switch
(GS; i.e., GS new infection places the woman at a lower risk for
≥CIN 2) rather than a persistent infection with the same genotype.
Several studies have shown that 40%–93% of repeatedly
HPV-positive women at 6–12 months after a baseline positive
HPV result had SGTP, whereas 7%–60% had a GS.34–38 This im-
plies that a significant proportion (median of 40%) of QPHP is the
result of a GS. Hence, using qualitative-pooled HPVassays masks
this distinction between true persistence and GS.

The objective of this systematic review was to investigate the
differential clinical utility of persistence tracking when the QPHP
is positive in combination with genotype risk discrimination, com-
pared with clinical action risk thresholds when the triage cytology
is NILM, atypical squamous cells–undetermined significance
(ASC-US)/low-grade squamous intraepithelial lesion (LSIL), or when
colposcopy yielded negative or CIN 1 results.We approached this task
by analyzing studies that compared SGTP results with QPHP re-
sults for women undergoing cervical cancer screening condensing
the included data for evidence of differences in specificity, posi-
tive predictive value (PPV), and positive likelihood ratio (PLR),
relative to the outcome of CIN 2/3 or higher. If the PPVof SGTP
is significantly different from QPHP associated with GS, then ge-
notype results during surveillance could have clinical utility.

The PICO of this systematic review was as follows:

(P) population who underwent surveillance or follow-up after
positive HPV screening results with/without colposcopy,
(I) intervention test was extended or full genotyping assay at
screening and at follow-up,
(C) comparators were QPHP (due to GS) result and HPV clear-
ance, with/without HPV-negative referent or comparison across
genotypes, and
(O) outcomes were CIN 2, CIN 2 or higher, CIN 3, and CIN 3
or higher.

SOURCES
Eligible studies included prospective controlled trials, obser-

vational studies, and retrospective studies of residual specimens
after HPV-positive screening results with at least 1 subsequent
testing at 6-month persistent infection (6MPI) or more. Studies
were included that used HPV DNA or RNA assays reporting ex-
tended or full genotyping (beyond genotypes 16/18/45).

Medline, Cochrane Database of Systematic Reviews, Health
Technology Assessment, and clinicaltrials.gov electronic data-
bases were searched between January 2000 and July 2019. The
study protocol was developed, and the review was performed in
accordance with the Preferred Reporting Items for Systematic Re-
views (PRISMA)39 and the Institutes of Medicine Standards for
Systematic Reviews.40 No similar published systematic review
or similar study protocol was found. This study protocol was regis-
tered with the PROSPERO International Prospective Register of
Systematic Reviews in 2018 (PROSPERO: CRD42018091095).41

The search term string was: (HPV OR “human papillomavirus”)
AND (genotyp*) AND (persistence) AND (cervical or cervix)
OR colposcopy OR SIL OR “squamous intraepithelial lesion”
OR CIN OR “cervical intraepithelial neoplasia” in title, abstract,
thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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keywords; publication, or published-ahead-of-print date from
January 2000 and July 2019.

STUDY SELECTION
Relevance of all retrieved abstracts was assessed through ap-

plied inclusion/exclusion criteria. Full-text review was performed
for articles passing abstract review to confirm that studies met
inclusion/exclusion criteria. Peer-reviewed publications that used
HPV DNA or RNA detection in humans were eligible if they ei-
ther reported or had calculable relative risks (risk ratios, rate ratios,
odds ratios, or HRs, hereafter termed “relative risks”) and corre-
sponding 95% CI for the association between HPV persistence
and CIN. Figure 1 details the PRISMA flow diagram.

Data extraction tables were prepared in Excel, piloted, and
used for study characteristics and for risk estimates or risk ratios
with 95% CIs. Genotyping risk estimates were grouped according
FIGURE 1. The PRISMA flow diagram detailing the process of search an
(identification, screening, eligibility, and included). Selection began with
based on exclusion criteria (n = 686), removal based on outcomes missi
(n = 14), testing interval too large (n = 2), and not original research (n =

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
to histology outcomes. For cervical neoplasia risk, relative risk
values and 95% CIs were extracted if they were reported; alterna-
tively, these were calculated for this synthesis. Risk values associ-
ated with all outcome measures were compared in women with
QPHP; when possible, women with SGTP and women with a
GS were compared. Women with SGTP were also compared with
those with HPV clearance, a new infection, or no infection at ei-
ther time point. Two independent reviewers extracted and con-
firmed data from each article to ensure accuracy.

As there is no definitive international definition for the dura-
tion of infection defining HPV persistence, here, we define persis-
tent infections as 6MPI, with true persistence defined as the SGTP
lasting equal to or longer than 6MPI.11,42,43 We correlated the du-
ration of persistent infection to risk of CIN 2/3 or higher and de-
termined to extract the number of MPI data reported by the
original research.
d selection. Article search and selection occurred over 4 stages
830 abstracts, and after exclusion of duplicates (n = 58), removal
ng (n = 21), missing pre/post data (n = 18), missing genotyping
1) resulted in 10 articles included for this systematic review.

he ASCCP. 29
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The definitions of no genotyping (QPHP), limited genotyp-
ing (individual reporting of HVP 16 and/or 18, with or without
45, and the other oncogenic genotypes as a group), extended
genotyping (6 or more individually reported genotypes including
HPV 16 and HPV 18, plus 1 or more grouped result[s]), and full
genotyping (individual reporting of all oncogenic types) were as-
cribed according to the VALidation of HPV GENotyping Tests
framework definition.44

Risk of bias (RoB, individual study quality) was evaluated
with Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) that included domains: selection, index test, refer-
ence standard, flow, and timing.45,46 Summary assessment of
RoB for individual studies, combining all authors' evaluations,
was assessed as high, low, or unclear.

Each author assessed the overall quality of evidence for the
risk estimate outcomes (all included studies by outcome) using a
modified Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) QUADAS for observational diag-
nostic studies and included the summary assessment of RoB for
the individual studies, indirectness, imprecision, inconsistency,
publication bias, magnitude of effect, and whether all plausible
confounders or other biases increased the confidence in the esti-
mated effect. Summary levels of certainty, combining all authors'
evaluations, were assessed as high, moderate, or low.

RESULTS
The systematic review identified 830 unique abstracts, of

which, 66 were assessed for full-text review: 56 studies were ex-
cluded (see PRISMA flow diagram in Figure 1). Ten studies that re-
ported genotyping results and the risk of CIN after testing were
included in the synthesis.2,42,43,47–53 The 10 studies had a combined
entry population size of 115,840; 12,364 had high-risk HPV-
positive results at baseline (see Table 1, study characteristics).

Risk of Bias
The QUADAS-2 quality assessment is reported in Table 2.

The overall quality of evidence for the reported outcomes was
assessed using a modified GRADE-QUADAS methodology for
observational diagnostic studies and judged to be moderate for
the report of proportional split between SGTP andGS. The quality
of evidence for the performance statistics comparing SGTP to GS
for high-grade CIN outcomes was judged high for sensitivity,
specificity, PPV, and PLR. The quality of evidence for genotype
risk discrimination, with SGTP, by high-grade CIN outcomes
was judged moderate (see Table 3).

Analysis of SGTP Versus GS Proportions of QPHP
Four studies contributed to the percentages of SGTP versus

GS in HPV-positive women with QPHP.43,47,49,51 Same-genotype
persistence averaged 53% of QPHP results (864/1,624), with a
range of 42%–80% across the studies; GS accounted for 47% of
QPHP results.

Analysis of SGTP Versus GS and High-Grade CIN
Outcomes for Performance (Sensitivity, Specificity,
PPV, PLR)

Four studies provided sensitivity, specificity, PPV, and nega-
tive predictive value data for SGTP versus GS in women with
QPHP.47,49–51 The 4 reports could not be combined in a
meta-analysis because 2 studies used a 12MPI definition of persis-
tence47,49 and 2 used 36MPI.50,51 Furthermore, 1 study was lim-
ited to ASC-US and LSIL cytology and postcolposcopy if
results were CIN 1 or lower,49 whereas 3 analyzed a screening
population.47,50,51
30 © 2020 The Au
An analysis of a subcohort of 2,282 women from a
population-based screening study (Guanacaste cohort, Costa
Rica) evaluated the cumulative incidence of CIN 2 or higher
and CIN 3 or higher after HPV persistence.47Women with QPHP,
who tested positive for HPVat and after approximately 1 year (9–
21 months), had a 3-year CIN 2 or higher cumulative incidence
risk (CIR) of 17.0% (95% CI = 12.5% to 22.0%). Women with
SGTP had a 3-year CIR for CIN 2 or higher of 21.3% (95% CI
= 15.2% to 27.3%). Of the 51 women with GS, the 3-year CIR
for CIN 2 or higher was zero. In comparison, those with HPV
clearance had a 3-year CIN 2 or higher CIR of 1.2% (95% CI =
−0.2% to 2.5%) and those repeatedly HPV negative displayed a
significantly lower risk (3-year CIR = 0.5%, 95% CI = 0.1% to
0.9%). Same-genotype persistence PPVexceeded the US clinical
action threshold for colposcopy, whereas GS provided no risk de-
tection for CIN 2 or higher (see Table S1, http://links.lww.com/
LGT/A182). Among those who tested repeatedly positive for car-
cinogenic HPV, all incident CIN 2 or higher and CIN 3 or higher
end points during follow-up were linked to SGTP.47

Similarly, a post hoc analysis of all women who underwent
colposcopy in the ALTS trial (Atypical squamous cells of undeter-
mined significance and Low-grade squamous intraepithelial Tri-
age Study)55 identified 671 women with CIN 1 or lower.49 Of
these, 329 had QPHP 12 months after colposcopy. The 1-year risk
for CIN 3 or higher was 9.6% in the women with SGTP and 8.0%
in the women with a GS; however, no hierarchical assignment for
mixed infections was undertaken. Comparing CIN 3 or higher risk
by genotype, only HPV 16 was associated with a significantly
higher sensitivity and PPV, if persistent, versus all results. Theme-
dian age of the women was 23 years, and the follow-up interval
(12–24 months) was short. Moreover, in the ALTS trial, the num-
ber of women with the clinical end point of CIN 3 or higher was
relatively small (32).49

In the British ARTISTIC study cohort undergoing cervical
screening during primary care in Greater Manchester, United
Kingdom, women were recalled for 3 rounds of screening and sur-
veillance after lesser abnormal cytology results.50,51 Here, 24,510
women underwent liquid-based cytology and HPV genotyping,
with colposcopy-directed biopsy taken after abnormal results at
the third round. The ARTISTIC trial includes the verification bias
that genotyping was only performed for Hybrid Capture 2 (HC2)–
positive women. The 3,813 women with NILM-HPV–positive
results in the first and second rounds were analyzed. In total,
66 CIN 2 or higher outcomes and 31 CIN 3 or higher outcomes
were recorded as the cumulative outcomes 2.5 years after the
second round.51 The HPV status of individual women over 3
rounds allowed estimates of the impact of SGTP or GS. The
median time for defining persistence was 3 years; the long in-
terval suggests that a new infection, which developed after
the baseline visit, could have been present for more than 2 years
and therefore CIN 2 or higher risk differences between SGTP
and GS would be less than expected in comparison with a situ-
ation in which persistence had been defined as 12MPI. Another
publication from the ARTISTIC trial in 2014 provided 3-year
risk values51 and a recent 2019 publication provided 5- and
10-year risk values.50 The 5-year CIN 3 or higher risk estima-
tion for SGTP (11.3% in association with NILM cytology,
23.7% in association with low-grade cytology) exceeds the
clinical action thresholds for colposcopy, whereas The 5-year
CIN 3 or higher risk values for GS (0% in association with
NILM cytology, 5.1% in association with low-grade cytology)
correspond to the recommendation of repeat testing at
12 months (see Table 4). In conclusion, SGTP was associated
with significantly higher sensitivity for detection of disease,
PPV, and PLR compared with GS (see Tables S2, S3, http://
links.lww.com/LGT/A182).50,51
thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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TABLE 2. Quality Assessment of Diagnostic Accuracy Studies 2
RoB and Applicability Judgments45,46

Domainsa

Article Selection
Index
test

Reference
standard

Flow and
timing

Jaisamrarn
et al.42 (2013)

High Uncertain Low Low

Skinner et al.43

(2016)
Uncertain Uncertain Low Low

Schiffman et al.2

(2005)
Low Uncertain Low Low

Castle et al.47

(2009)
Low Uncertain Low Low

Gage et al.49

(2010)
Uncertain Low Low Uncertain

Elfgren et al.48

(2017)
Uncertain Low Low Uncertain

Kjaer et al.52

(2010)
Low Low Low Low

Kitchener et al.51

(2014)
Low Low Low Low

Gilham et al.50

(2019)
Low Low Low Low

Sand et al.53

(2019)
Low Uncertain Low Low

aIn all cases, answers are “low,” “high,” or “uncertain.”
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Analysis of SGTP by Genotype

Eight study articles contributed to genotype-specific
risk.2,42,43,48,50–53 However, they could not be combined into a
meta-analysis because definitions of persistence ranged from
6 months (2 studies),42,43 to 12 months (3 studies),2,48,49 to
24 months (1 study),52 to 36 months (3 studies).50,51,53 The
median ages of thewomen differed considerably from19.5 years42

to 39.4 years.51 Two of the subcohorts were selected after
colposcopy,48,49 5 were created from a general screening
population,2,50–53 and 2 were selected from the control arms
of randomized controlled trials.42,43 Two studies assigned the
same risk to all genotypes in mixed infections,43,48 2 studies ex-
cludedmixed infections and used single genotype infections to as-
sign risk,52,53 and 3 studies used a statistical method to assign risk
by hierarchical assignment to genotypes; each study used a differ-
ent methodology.2,42,51 The studies were assessed to determine if
there was significant risk differentiation by genotype when there
TABLE 3. Overall Quality of Evidence for Outcomes (Modified GRA

Outcome
Summary RoB
assessmenta Indirectness Imprecis

SGTP vs GT switch43,47,49,51 Unclear Direct Precise
High-grade CIN; SGTP vs GT
switch47,49–51

Low Direct Precise

Genotype risk discrimination;
high-grade CIN;
SGTP2,42,43,48,50–53

Unclear Direct Precise

aSee RoB table (see Table 2).
bCofounder effect characterizes the degree to which all plausible confounde

32 © 2020 The Au
was SGTP and to determine if there were specific genotype risk
values that were below the clinical action threshold for colposcopy,
even when the risk was associated with SGTP (see Figure 2).

The first population-based study reporting the long-term ab-
solute risk of high-grade CIN associated with SGTP involved a
screening cohort nested within a parent study (N = 40,399) involv-
ing residual samples from women participating in the organized
screening program in Greater Copenhagen (baseline period from
2002 to 2005). The screening cohort (n = 7,482) involved only
those with NILM cytology at baseline. From these, 1,281 were
HC2 positive, then retested after 2 years, and followed up pas-
sively via a registry over 13.4 years.52 The definition of persis-
tence was 24MPI. As in the ARTISTIC study, genotyping was
performed on HC2-positive samples and therefore represents a
verification bias. The genotype analysis excluded mixed infec-
tions. The rate of SGTP (detected 2 years after baseline) varied
across genotypes from 7% (HPV 66) to 29.4% (HPV 16). Human
papillomavirus 16 was the HPV genotype with the greatest carci-
nogenic potential.Womenwith NILM cytology whowere positive
for non–HPV 16 genotypes, including HPV 18, 31, 33, and 58,
also had high risks for developing high-grade cervical lesions,
but those risks were much lower than that associated with HPV
16 positivity. Here, the authors reported the absolute risk of
high-grade CIN after a single infection with a specific HPV geno-
type to isolate the effect of the individual HPV genotypes.Women
who had a single infection with HPV 16 (26%) or HPV 18
(15.4%) had the highest absolute risk for CIN 3 or higher,
followed by women who had a single infection with HPV 33
(12.8%), HPV 31 (9.8%), HPV 35 (9.1%), HPV 58 (8.3%), or
HPV 45 (6.4%). Single infections with 5 high-risk HPV types
(HPV 39, 59, 68, 53, 66) did not result in any CIN 3 or higher dur-
ing the 13.4-year follow-up time (see Table S4, http://links.lww.
com/LGT/A182).52

In a follow-up study involving the same Danish population
as hereinabove, an analysis by genotype excluded mixed infec-
tions. Here, 5,528 women had baseline NILM cytology/HPV pos-
itive; of these, 2,875 had repeat testing during the 2005–2008
period after intervals between 1 and 4.5 years. Complete
follow-up records were retrieved through the national Danish Pa-
thology Data Bank using CIN 3 or higher as the clinical end point.
Women were defined as having SGTP infection if they were pos-
itive for the same HPV type in the 2 separate cervical samples. In
total, 874 (30.4%) of 2,875 had QPHP and 761 of the 874 women
had SGTP (see Table S4, http://links.lww.com/LGT/A182). In
agreement with Kjaer et al.52 (2010), this study reported the
highest CIN 3 or higher risk for SGTP with HPV 16, 18, 33,
and 31.53 Importantly, this study adjusted for age and time interval
(3 years in this study) in-between HPV testing regarding the def-
inition of persistence. In addition, the authors adjusted for possible
DE)54

ion Inconsistency
Publication

bias
Magnitude
of effect

Confounder
effectb Overall

Consistent No Large No Moderate
Consistent No Large No High

Consistent No Moderate No Moderate

rs would tend to increase confidence in the estimated effect.

thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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TABLE 4. Cervical Intraepithelial Neoplasia 2 or Higher and CIN 3 or Higher 3, 5, 10-Year Risks Comparing SGTP With GS

Kitchener et al.51 (2014) and
Gilham et al.50 (2019)

Pooled HPV
persistent SGTP GS

HPV(+), then HPV(−)
as referent

HPV(−), then HPV(−)
as referent

≥CIN 2 three-year risk51 12.9% 21.0% 6.2 0.59% 0.02%
≥CIN 3 three-year risk51 7.0% 13.5% 1.7% 0.17% 0%
≥CIN 3 five-year CIR; NILM50 7.0 (3.9–12.2) 11.3 (6.5–19.5) 0 0.13 (0.02–0.90) 0.05 (0.02–0.11)
≥CIN 3 ten-year CIR; NILM50 8.9 (5.4–14.5) 13.4 (8.0–22.0) 1.7 (0.2–11.3) 0.26 (0.06–1.03) 0.09 (0.05–0.17)
≥CIN 3 five-year CIR;
low-grade cytologya50

14.5 (7.8–26.0) 23.7 (14.8–36.8) 5.1 (2.5–10.4) 1.6 (0.2–10.7) 0

≥CIN 3 ten-year CIR;
low-grade cytology50

16.2 (9.0–28.0) 23.7 (14.8–36.8) 5.9 (3.0–11.4) 1.6 (0.2–10.7) 0

aLow-grade cytology = ASC-US and LSIL combined.

Journal of Lower Genital Tract Disease • Volume 25, Number 1, January 2021 HPV Genotype Persistence and Risk
effects of HPV 16 clearance or acquisition during the 3-year in-
terim tomore accurately assess the CIN 3 or higher risk associated
with persistent non–HPV 16 infections.

A population-based prospective study of HPV infections and
CIN 3/cancer in Guanacaste, Costa Rica, included 10,000
women.2 The definition of persistence was 12MPI, with a range
of 9–21 months. Mixed infections were assigned by hierarchical
method based on rank of single-type infections. Uniquely, HPV
16 was likely both to persist and to cause neoplastic progression
when it persisted; 19.9% of HPV 16–infected women were diag-
nosed with CIN 3/cancer at enrollment or during the 5-year
follow-up. Other carcinogenic types were not particularly persis-
tent but could cause neoplastic progression (see Table S4, http://
links.lww.com/LGT/A182).2

Among 12,527 women from the SWEDESCREEN
double-blind randomized controlled trial, a longitudinal analysis
of women from the colposcopy arm reported on 100 women
who had NILM cytology, an HPV-positive result at the index
screen, and persistent HPV positive at least 12 months later (me-
dian = 19 months). A random selection of 95 women from the
control arm was also included.48 Women in the HPV testing arm
were followed up with repeat HPV test and genotyping, cytology,
and colposcopy if they had QPHP without CIN 2 or higher. A
FIGURE 2. Cumulative incident risk for high-grade cervical disease acco
classifications are shown, including HPV negative (purple; negative at first
test and HPV negative at second test), new HPV infection (green; HPV n
(any genotype) HPV persistence (yellow; any HPV genotype at first test a
genotype-specific HPV persistence (red; positive for the same genotype
y-axis and based on HPV status, is shown in (a) for CIN 2 or higher and
individuals with normal and low-grade cytology across 5-years, and in (c
cytology across 10 years. The disease outcome, 5-, and 10-year time po

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
similar number of random colposcopies and tests were carried
out in the control arm. Women were followed up over 13 years
for the main outcome measures of cumulative incidence of CIN
2 or higher/CIN 3 or higher. There were 57 CIN 2 or higher out-
comes, and 33 CIN 3 or higher outcomes. Among women who
continued to attend and had continuous HPV genotype persis-
tence, all developed CIN 2 or higher within 7 years (n = 40,
100%; 95% CI = 91% to 100%). No CIN 2 or higher cases were
observed among women who cleared their HPV persistence
within 13 years (0 of 35; 0%: 95% CI = 0% to 10%, p < .001).
NILM with concurrent HPV 16 persistence conferred the highest
CIN 2 or higher risk (68%), followed by HPV 18 (64%), 31
(58%), 33 (50%), and 45 (44%). NILM and HPV positive with
the group of the other 9 types conferred a CIN 2 or higher risk
of 30%. The same risk was assigned to all genotypes in mixed in-
fection; this tends to decrease the absolute risk of the higher onco-
genic genotype and increase the absolute risk of the less
oncogenic genotypes.48

A post hoc analysis of young women (mean = 19.7 years) in
the control arm of the Cervarix randomized, controlled HPV vac-
cination trial (PATRICIA) reported persistence and clearance of
same-genotype positivity, after 6 months and after 12 months,42

with a definition of persistence of 6 months. A multivariate
rding to HPV status at the first and subsequent test. Five HPV status
and subsequent testing), HPV clearance (blue; HPV positive at first
egative at first test and HPV positive at the subsequent test), pooled
nd any HPV genotype at the subsequent test), and
at the first and subsequent test). Risk estimation, plotted along the
CIN 3 or higher over 3 years, in (b) for CIN 3 or higher among
) for CIN 3 or higher among individuals with normal and low-grade
ints.

he ASCCP. 33
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analysis was used to assign a mixed infection to the genotype of
higher risk. A total of 4,825 women had at least 1 HPV-positive
result during the 4 years. Of these, 3,363 had at least 1 record of
6-month persistence of the same genotype (69.7%); 2,283 had at
least 1 record of 12 months persistence of the same genotype
(67.9% of the group with 6-month persistence). Overall, 53% of
HPV infections were cleared at 12 months. There were 217 CIN
2 outcomes, 114 CIN 3 outcomes, and 10 cancer outcomes. The
HR for CIN 3 or higher if SGTP for 6 months was 5.3 (95% CI =
3.3 to 8.4) compared with a transient infection. Human papillo-
mavirus 16 and HPV 31 had the least chance of being cleared and
the highest risk of progression to high-grade CIN, followed by
HPV 33, HPV 18, and HPV 45. The HRs reported demonstrate
substantially higher risk for HPV 16 and 33, followed by HPV
31, 45, and 18 (see Table S5, http://links.lww.com/LGT/A182).42

The control arm of the phase 3 VIVIANE study in women,
older than 25 years, was analyzed for the risk of progression from
cervical HPV infection to detectable CIN.43 Infections were cate-
gorized depending on persistence as 6MPI or infection of any du-
ration. There were 40 CIN 2 outcomes and 18 CIN 3 or higher
outcomes. The same risk was assigned to all genotypes in mixed
infection, which tends to decrease the absolute risk of the higher
oncogenic genotype and increase the absolute risk of the less on-
cogenic genotypes. For 6MPI, the highest risk was associated with
HPV 33 (HR = 31.9 [8.3–122.2, p < .0001]). The second highest
risk was HPV 16 (21.1 [6.3–70.0], p < .0001). Similar findings
were seen for infections of any duration. Significant risk was also
observed for HPV 18, HPV 31, and HPV 45 (see Table S5, http://
links.lww.com/LGT/A182).43

Lastly, the ARTISTIC study cohort was recalled for 3 rounds
of screening and surveillance of lesser abnormal results.50,51 Here,
SGTP was confirmed post hoc by extended genotyping. Mixed in-
fections were assigned by hierarchical method based on rank of
single-type infections and then analyzed in strata. Same-genotype
persistence conferred a 3-fold greater likelihood of having CIN 2
or higher in round 2 than the likelihood for women with divergent
HPV types in the 2 rounds (21.0% compared with 6.2%). In round
3, this was 2-fold, 14.7% versus 7.9%. The comparison of PPV by
genotype across different genotypes and duration of follow-up dem-
onstrated that the PPVof persistent HPV 16 is more than twice that
of HPV 18. The PPV values of persistent HPV 31/33/52/58/45
were less than the PPV value for HPV 16, but comparable with that
of HPV 18. The group of persistent HPV 51/35/39/68/56/59/66 had
the lowest PPV values (see Table 5).50,51

DISCUSSION

Main Findings
Persistent infection with carcinogenic HPV is the cause of

high-grade CIN and cancer1,2 However, current guidelines only
includes, if any, HPV 16 or HVP 18 same-genotype persistence
as an integral part of the algorithms.

Using qualitative HPV tests, persistence is a composite of
true persistence, SGTP (44% and GS (56%) where the ability to
distinguish is limited by the data resolution of the HPV test used.48

The clinical value of the distinction is well founded in current ev-
idence from long-term follow-up studies that convincingly show
that women who experience GS or outright clearance of infection
rarely develop cancer and almost all cancers are associated with
SGTP. Qualitative HPV tests cannot unlock the diagnostic infor-
mation that may clear many women from having to attend surveil-
lance testing and/or colposcopy.

In follow-up after abnormal screening test results, SGTPwas
reported to pose a much greater risk of high-grade CIN than GS.
Women with GS and either NILM or low-grade cytology had
34 © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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immediate CIN 3 or higher risks consistently below the US clini-
cal action threshold for colposcopy. Consequently, if genotyping
information on screening samples were used, these women could
safely undergo repeat testing rather than colposcopy, thus lower-
ing the burden of screening. Of the women followed-up for prior
abnormal results of lesser severity and those followed-up after col-
poscopy, up to one half with repeat positive QPHP could avoid
colposcopy if the genotyping had been reported and recorded.

Different genotypes posed different risks of high-grade CIN
when persistent, supporting a tiered-risk stratification approach to
HPV genotype-specific risks associated with SGTP.2,42,43,48,50–53

Human papillomavirus 16 is clearly a much stronger viral carcino-
gen and is more likely to persist than any other HPV geno-
type.2,15,52,56 Moreover, HPV 16 persists longer than most other
HPV types, which contributes to higher prevalence.2 Human papil-
lomavirus 16 persistencewas associated with high absolute risks for
progression to high-grade CIN, at a level 2 1/2 times higher than the
next highest-risk genotype, HPV 18, which is included in the
top-tier genotypes HPV 33, 31, 18, and 45 all with a high HR for
progression to high-grade CIN when persistent.2,37,42,43,48,50–53

Genotype-specific risk discrimination with persistence was re-
ported in 3 risk tiers: HPV 16; HPV 18/31/33/52/58/45; and HPV
51/39/68/56/59/66. The long-term follow-up in the ARTISTIC
study did not identify any cases of CIN 3 or higher if there was
SGTP andNILM cytology. The failure rate for colposcopy to detect
CIN 3 is higher in cases of QPHP with NILM cytology compared
with QPHP and abnormal cytology.57 These findings require fur-
ther research before guideline panels could consider an alternative
to colposcopy for women with SGTP and NILM cytology and ge-
notypes of lowest risk.

Strengths and Limitations
The inclusion of studies from various countries spanning

more than a decade, with different population demographics,
and HPV tests used is a strength of the analysis, given the similar
conclusions reached across studies. That risk estimates are not en-
tirely uniform across the studies can be explained from the popu-
lation characteristics and differences in screening efforts. Most
notably, some studies provided genotyping only for samples pos-
itive for HC2 representing an obvious verification bias. Other
studies used genotyping assays without a clinical or analytically
defined cutoff, which means that the assays used vary substan-
tially in the ability to detect different HPV genotypes. Another
limitation of this analysis is that across the published literature, re-
searchers have developed different methods for assigning geno-
type results in the case of mixed infections. For useful genotype
risk assessment, genotypes must be included in order from most
to least discriminatory. In this analysis, a variety of hierarchical
methods and restrictions to single-genotype infection and
reporting of mixed infections by assigning the same risks to all
the genotypes in a mixed infection were used. Restriction of anal-
ysis to single-genotype infection introduces bias. The simple pro-
portional method of according equal risk to each genotype found
in mixed infection results in totals exceeding 100% and overesti-
mation of risk for genotypes of lesser rank order. In addition, it
was difficult to determine in some studies whether HPV-positive
women included in analyses were QPHP or SGTP, because of in-
complete reporting at screening or because of no screening. This
confounder might have artificially inflated risk values for
high-grade cervical disease associated with QPHP. Moreover, an
underlying assumption for all the hierarchical models is that
mixed infections do not involve synergism that leads to risk
greater than the risk associated with either individual genotype, al-
though patterns of cervical HPV coinfection with different geno-
types are not independent of one another.58 However, our
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
knowledge of HPV biology is limited and so is our understanding
of the interplay between risk and multiple infections.

The period over which risk was estimated differed in the
studies from 2 to 13 years. Rare cases of premalignant and inva-
sive cervical lesions can be related to non–high-risk HPV geno-
types, although it is unknown whether these cases are the result
of a previous multiple infection. Although these cases were not
a focus of this systematic review, they are no doubt a confounding
factor in some of the studies included in this synthesis.

Comparison With Other Reviews
Recently, our author group reported a systematic review

supporting clinical utility of HPV genotyping in risk discrimina-
tion in cervical cancer screening.6 A systematic review by Koshiol
et al11 reported that HPVpersistencewas consistently and strongly
associated with high-grade CIN and called for precise definition
and standardization of HPV testing, sampling procedure, and test
interval for reliable clinical testing. Rositch et al59 reported from a
meta-analysis that type-specific HPV testing would improve clin-
ical specificity for high-grade CIN over qualitative-pooled HPV
tests reporting “positive” and “negative” only. Mittal et al60 re-
ported that the cumulative incidence of CIN 2 or higher in women
after a colposcopy with results of CIN 1 or lower was significantly
higher in women with true persistence compared with those with
clearance of oncogenic HPV. Mariani et al61 stated that persistent
positivity of HPV-DNA testing was considered a prognostic index
of recurrent disease in patients treated for CIN 2 or higher and that
HPV genotyping methods, as a biological indicator of persistent
disease, were more suitable for a predictive role and risk stratifica-
tion than pooled HPV-based testing. Bottari et al34 supported im-
proved clinical utility of HPV genotyping compared with
qualitative-pooled HPV positivity in follow-up after treatment of
high-grade CIN. The overwhelming conclusion is that improve-
ment to screening sensitivity and specificity can be achieved if
HPV screening includes genotype reporting, at both screening
and follow-up, to identify women with SGTP.

Clinical Implication of the Findings
If genotyping results are available from the index screening

test and from subsequent visits, then the risk associated with
SGTP is much higher than that observed with QPHP associated
with a GS. Guideline panels could decide to differentiate manage-
ment of womenwith SGTP by short-interval retests or colposcopy
compared with those with GS where the risk of disease is substan-
tially less. Ultimately, systematic reporting of genotype in positive
samples could allow for differentiated follow-up among SGTP de-
pendent on the persistent genotype, at the same time as allowing
for less intensive follow-up of women with new infection(s) and
clearance of the prior genotype by extending the follow-up inter-
vals from the current 1 year. Today, guidelines rely on “cotest”
(US) or “HPV test” (EU/AUS) after a selected interval (often 1
year), yet near-future guidelines might benefit from the implicit
information available when genotyping is integrated into screen-
ing in an organized fashion and medical data are stored in elec-
tronic health records. A GS infers a low risk (compared with
SGTP) of CIN 2 or higher at the time testing and a newly detected
genotype infection could be followed by retesting after intervals,
similar to the NILM cytology interval.

As one of the first countries, Japan's Joint Medical Society
Guidelines in 2012 recommended that HPV genotyping should
be used for women with histopathologic confirmed CIN 1/2 to
characterize their risk of disease progression more precisely.
Women who tested positive for HPV 16, 18, 31, 33, 35, 45, 52,
and 58 were considered to be at increased risk of disease progres-
sion and to be managed separately from women who were
he ASCCP. 35
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negative for those 8 genotypes.62 Similarly, Denmark has included
HPV genotyping and cytology as a combined triage of HPV
screening positive women in the 2018 guidelines.

For women with SGTP, there is broad risk discrimination
dependent on the specific genotype. However, from a practical
screening program administration perspective, risk-based clinical
action thresholds and the recommendations for follow-up could
vary according to specific genotype or genotype risk tier. The dura-
tion of the SGTP infection could be factored in during subsequent
assessments. In conclusion, HPV genotyping to identify true persis-
tence is readily at hand from a technological perspective.
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