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OBJECTIVE: To systematically examine human papillo-
mavirus (HPV) genotyping compared with qualitative
high-risk HPV result during follow-up after treatment of
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high-grade cervical intraepithelial neoplasia (CIN), for
risk estimation of posttreatment high-grade CIN.

DATA SOURCES: MEDLINE, Cochrane, and Clinical-
Trials.gov were searched from January 2000 to April
2019 for prospective studies of women and retrospective
studies of residual specimens from women, tested using
HPV assays with genotype reporting.

METHODS OF STUDY SELECTION: The primary out-
come was posttreatment high-grade CIN after treat-
ment of high-grade CIN. Risk of bias (individual study
quality) was evaluated with a modified Newcastle-
Ottawa Scale. Overall quality of evidence for the risk
estimate outcomes was evaluated using modified
GRADE methodology for observational diagnostic
studies.

TABULATION, INTEGRATION, AND RESULTS: Of the 233
identified abstracts, 33 full-text articles were retrieved, and
seven studies were included in the synthesis. The risk of bias
was deemed to be low. Either a positive qualitative HPV test
result or a positive test result for the same genotype that was
present pretreatment have a sensitivity for predicting post-
treatment high-grade CIN that approaches 100%. However,
the positive predictive value (PPV) for the same genotype
result pretreatment and posttreatment (median 44.4%) is
about double the PPV (median 22.2%) for qualitative HPV
results. The PPV of a new HPV infection posttreatment
approximates zero. Human papillomavirus genotyping dis-
criminated risk of posttreatment high-grade CIN to a clinically
significant degree for women after treatment procedures for
high-grade CIN lesions, when same-genotype persistence
was compared with new genotype infection.
CONCLUSION: There is moderately high-quality evi-
dence to support the improved clinical utility of HPV
genotyping compared with qualitative HPV positivity to
follow-up after treatment of high-grade CIN.
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fter treatment of high-grade cervical intraepithe-

lial neoplasia (CIN 2-3), by excision, ablation,
or laser, 5-16% of women are diagnosed with post-
treatment high-grade disease or cancer.!? A study of
3,273 women, aged 25 years or older, treated for
CIN 2, CIN 3, or adenocarcinoma in situ reported
follow-up results with CIN 2 or worse as the primary
outcome.? Risk values varied by the antecedent
screening results and the histopathology of the trea-
ted lesion. The 5-year risk for CIN 2 or worse was
lower if the follow-up test results was negative: 4.2%
after negative cytology, 3.7% after a negative quali-
tative high-risk human papillomavirus (HPV) test
result, and 2.4% after negative cotesting results
(cytology and HPV tests). Only after two negative
cotest results was the 5-year risk for CIN 2 or worse
(1.5%) approaching the 0.68% risk after a negative
Pap test result that permits return to screening after 3
years.?

Cytology, HPV assay, or both (cotesting) have
been used to determine whether a cancer precursor
cleared or persisted after a treatment procedure such
as large loop excision of the transformation zone,
loop electrosurgical excision procedure (LEEP),
laser, cone, or cryotherapy.® Guidelines for follow-
up after treatment of CIN 2-3 recommend cotesting
at 4-6, 12, and 24 months after treatment of CIN 2-3
by excisional procedure. Guidelines for follow-up
after treatment of adenocarcinoma in situ by exci-
sional procedure recommend cotesting, colposcopy,
and endocervical curettage after 4-6 months. The
objectives of posttreatment follow-up testing are to
confirm that the treatment was effective, to prevent
invasive cancer, and to reassure women. It is a per-
sistent high-risk HPV-induced lesion that places
women at the highest risk for invasive cancers.
Acquisition of a new infection of a different genotype
confers a relatively low future risk, given the proba-
bility of clearance and the lengthy interval after HPV
infection before the development of an invasive
cancer.

A qualitative (pooled) HPV assay result is more
sensitive than cytology for detection of CIN 2-3 after
treatment, with equivalent specificity.>® A negative
high-risk HPV assay result has a superior negative
predictive value (NPV) compared with negative cytol-
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ogy or negative resection margins.”Y Posttreatment
negative cotesting would avert an additional 8.4 cases
of CIN 3 or worse per 1,000 women-treated and
reduce health care costs, compared with negative
cytology alone.1?

Partial genotype reporting of HPV16 and
HPV18 and the group of other 12 high-risk geno-
types demonstrated effective risk discrimination
compared with pooled qualitative reporting (unad-
justed odds ratio 8.0; 95% CI 2.1-30.4) for posttreat-
ment recurrence.!! In addition, three retrospective
cohort studies reported significantly different post-
treatment CIN 2-3 or worse rates associated with
an HPV 16 or 18 positive result at follow-up com-
pared with a positive result for the other 12 HPV
genotypes.12-14

To individualize the posttreatment surveillance,
which may reduce patient anxiety, cost, and occur-
rence of cervical cancer, better identification of
women with relevant HPV genotype presence may
be a benefit. Reporting a genotype that was present
before the treatment permits the distinction between
same-genotype persistence and a new infection. The
purpose of this systematic review is to compare
genotyping, (beyond partial), with pooled HPV test-
ing for determination of risk for women after treat-
ment for high-grade CIN.

The secondary research question parameters of
population, intervention, comparator, and outcomes
(PICO) was: (P) women who underwent excisional or
ablative treatment for CIN 2 or worse, (I) genotyping
as a component of cotesting, (C) pooled HPV result as
a component of cotesting, (O) CIN 2 or worse
persistence or recurrence or “treatment failure” after
excisional or ablative treatment of CIN 2 or worse.
Secondary outcomes include the sensitivity, specific-
ity, positive predictive value (PPV), and NPV for CIN
2 or worse.
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SOURCES

MEDLINE, Cochrane Database of Systematic Reviews,
Health Technology Assessment, and ClinicalTrials.gov
electronic databases were searched from January 2000
and April 2019. The study protocol was developed and
the review performed in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews),!®
and the Institutes of Medicine Standards for Systematic
Reviews.!® No similar published systematic review was
found and no similar study protocol was found. This
study protocol was registered with PROSPERO in
2018 (PROSPERO: CRD42018091095).17 The search
string was: (HPV OR “human papillomavirus”) AND
(genotyp*) AND (cervical or cervix) AND (cancer OR
*cancer OR carcinoma OR lesion* OR CIN OR “Cer-
vical intraepithelial neoplasia” OR screening OR persis-
tence OR “test of cure” OR test-of-cure)) in Title,
Abstract, Keywords; Online Publication Date between
January 2000 and April 2019.

STUDY SELECTION

All retrieved titles and abstracts were assessed for
possible relevance by applying inclusion criteria (pro-
spective controlled trials and observational studies of
women and retrospective studies of residual speci-
mens from women; patients were women who under-
went excisional or ablative treatment for CIN 2 or
worse, genotyping testing was done before and after

454 Bottari et al

Human Papillomavirus Genotyping After High-Grade CIN Treatment

the treatment, testing after treatment was at an interval
of 6 months or greater, CIN 2 or worse persistence or
recurrence or “treatment failure” after excisional or
ablative treatment of CIN 2 or worse was reported)
and exclusion criteria (full-text not available in
English, only partial genotype reporting). Full-text
review of the articles that passed abstract review was
performed and data was extracted. Figure 1 reports
the PRISMA flow diagram.

Data extraction tables were developed in Excel,
piloted, and used for study characteristics and for
risk estimates with 95% CIs. Additional analysis was
performed using Minitab to generate receiver oper-
ator characteristic curves using binary logistic
regression and to calculate area under the curve
(AUC).

Risk of bias (individual study quality) was evaluated
with a modified Newcastle-Ottawa Scale!® that included
six domains: selection (eligibility criteria, forming the
cohort, selection of participants), detection (measure-
ment of test result), outcome (assessment, length of
follow-up), attrition (loss to follow-up), reporting (failure
to adequately control confounding, failure to measure all
known prognostic factors), and other bias. Summary
assessment of risk of bias for individual studies, combin-
ing all authors’ evaluations, was assessed as high, low, or
unclear. Each author assessed the overall quality of evi-
dence for the risk estimate outcomes (all included

Records identified through
database searching
(N=291)

Duplicate records excluded
(n=58)

v
Records identified through
database searching
(n=233)

Records excluded
(n=200)

A 4
Articles screened
(n=33)

Excluded (n=26)

No pretreatment or
posttreatment data: 17
No comparison to pooled

HPV: 5
Partial genotyping only: 3
Not original research: 1

v
Articles included in
genotyping qualitative
synthesis
(n=7)

Fig. 1. The PRISMA (Preferred Reporting of ltems for Sys-
tematic Reviews) flow diagram detailing the search and
selection process. HPV, human papillomavirus.
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studies) using a modified GRADE (Grading of Recom-
mendations, Assessment, Development and Evaluation)
19 methodology for observational diagnostic studies and
included the summary assessment of risk of bias for the
individual studies, indirectness, imprecision, inconsis-
tency, publication bias, magnitude of effect, and whether
all plausible confounders or other biases diminished
confidence in the estimated effect. Summary levels of
certainty, combining all authors’ evaluations, were as-
sessed as high, moderate, or low.

RESULTS
The search identified 233 unique abstracts: 200 did

not meet inclusion criteria or met exclusion criteria,
and 33 underwent full-text review. From this review,
26 studies were excluded for reasons listed in the
PRISMA flow diagram in Figure 1. Seven studies that
reported genotyping results, compared with pooled
HPV results, and the risk of CIN 2 or worse after
treatment, were included in the data extraction and
synthesis.20~26 The seven studies had a combined pop-
ulation sample size of 1,543 patients (Table 1). Five of
the studies were prospective observational,?0-2123:25.26
specifically diagnostic accuracy cross-sectional stud-
ies?0:21,23.25-27; one of the five was a post hoc analysis
of patients enrolled in a clinical study.2> Two of the

cally diagnostic accuracy cross-sectional studies?’;
one was a case—control study.??

Of patients testing positive for HPV after treat-
ment of CIN 2 or worse, the proportion of new
infections ranged from 28-78%, with a mean and
median of 50%; those with same-genotype persistence
ranged from 23-72%, with a mean and median of 50%
(Table 2).20-26

A prospective observational study analyzed the
results for 90 women in Sweden who underwent large
loop excision of the transformation zone treatment of
CIN 2 or worse. Follow-up testing included cytology,
qualitative HPV  result, and genotype results
(Table 1).!* The majority of HPV-positive results at
follow-up after conization were new infections
(77.5%), compared with same-genotype persistence
(22.5% of HPV-positive, 10% of all patients). Whereas
margin status and presence of CIN 3 or worse were
poor predictors of outcome (sensitivity less than 50%),
the presence of pooled high-risk HPV predicted 100%
of CIN 2 or worse lesions detected posttreatment (sen-
sitivity 100% [95% CI 47.8-100], specificity 73.4%
[95% CI 62.3-82.7], PPV 19.2% [95% CI 14.2-25.6],
NPV 100%). Persistent, same-genotype high-risk HPV
infection predicted high-grade residual disease with
a sensitivity of 60% (95% CI 14.7-94.7), specificity

studies were retrospective observational,?2?* specifi- ~ 94.9% (95% CI 87.5-98.6), PPV 42.9% (95%
Table 1. Characteristics of the Included Studies
Soderlund-Strand Heymans
Study Brismar et al>'  Jones et al?® et al?¢ Kreimer et al?> Bottari et al?* Kang et al** et al??
Design Pro Obs Pro Obs Pro Obs Pro Obs Pro Obs Retro Obs Retro CC
Population CIN 2-3 CIN 2-3 CIN 2-3 CIN 2-3 CIN 2-3 CIN 2-3 CIN 2-3
Treatment LLETZ LLETZ LEEP LEEP or LEEP or LEEP LLETZ
conization conization
Recruitment (n) 95 129 178 486 167 681 823
Analyzed 85 98 125 153 153 672 63
population (n)
Country Sweden Wales, United Sweden Costa Rica Italy South Korea Belgium
Kingdom
Age (y) Mean 35 Mean 30.9 Mean 34.4 Median 34 Median 38 Mean 39.7 Mean 37
Collection time 2005-2006 2007-2008 2001-2003 1993-2008 2011-2015 2001-2007 2001-2007
period
Timing of Median 24 mo 6 mo 3,6,12, 24,36 mo Median 6.7 y Median 6 mo 3,6,12,24 mo Mean 5.6 mo
posttreatment
HPV test
Duration Median 39 mo 2y 36 mo Median 6.7 y Median 2 y 2-5y Not reported
histopath.
follow-up
Storage media PC ST™M Buffered saline VP and STM PC ST™M SpP
HPV assay LA PapChk GP5+/6+ MY09/11 HC2, Onclarity ~ HC2 and HDC RTPCR
and LA

Pro, prospective design; Obs, observational study; Retro, retrospective design; CC, case—control; CIN, cervical intraepithelial neoplasia;
LLETZ, large loop excision of the transformation zone; LEEP, loop electrosurgical excision procedure; histopath., histopathologic
endpoint of negative, CIN 1, CIN 2, CIN 3, cancer; PC, PreservCyt media; STM, specimen transport media; VP, ViraPap kit; SP, SurePath
media; HPV, human papillomavirus; LA, Linear Array; PapChk, PapilloCheck assay; GP5+/6+ PCR, polymerase chain reaction; MY09/
11, MY09/MY11 L1 primer PCR (predecessor of Linear Array); HC2, Hybrid Capture 2 molecular hybridization assay; Onclarity, BD
Onclarity HPV assay, E6/E7 PCR; HDC, DNA chip PCR microarray; RTPCR, real-time quantitative PCR E6/E7 DNA assay.
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Table 2. Proportions of Same-Genotype Persistence Compared With New Human Papillomavirus
Infection (With Clearance of Pretreatment Genotypes)

Same-Genotype Persistent

New HPV Infection All High-Risk HPV-Positive

Study Posttreatment Posttreatment Posttreatment
Brismar et al?! 9 (23) 31 (78) 40

Jones et al?3 17 (31) 37 (69) 54
Kreimer et al?> 18 (50) 18 (50) 36
Soderlund-Strand et al?¢ 18 (35) 33 (65) 51
Bottari et al?? 24 (71) 10 (29) 34

Kang et al** 56 (67) 27 (33) 83
Heymans et al?? 13 (72) 5 (28) 18
Median (%) 50 50

HPV, human papillomavirus.
Data are n (%) or n unless otherwise specified.

CI 18.5-71.2), NPV 97.4% (95% CI 92.8-99.1). In
contrast, new genotype infection predicted high-
grade residual disease with a sensitivity of 40%
(95% CI 5.3-85.3), specificity 78.4% (95% CI 67.8-
86.9), PPV 10.5% (95% CI 3.6-27.2), NPV 95.4%
(95% CI 90.9-97.7) (Table 3 and Fig. 2). The PPV
of same-genotype persistence was statistically signif-
icantly greater than the PPV of new genotype
infection.?!

A study of 98 women in Wales, treated for CIN 2
or worse by large loop excision of the transformation
zone were evaluated before treatment and 6 months
after treatment with cytology, qualitative HPV testing,
and genotyping (Table 1).?® Genotyping before and
after treatment revealed that 83% (95% CI 75.7-88.8)
of HPV infections detected before treatment were
cleared; 17% (95% CI 11.2-24.3) of patients had post-
treatment positive qualitative HPV test results. Of the
patients with a positive HPV result posttreatment, and
69% had a new HPV genotype infection, and 31% had
same-genotype persistence. Posttreatment, qualitative
HPYV test results predicted CIN 2 or worse with sen-
sitivity of 100% (95% CI 34.2-100), specificity 39.6
(95% CI 30.4-49.6), PPV 3.3% (95% CI 0.9-11.4),
and NPV of 100% (95% CI 90.8-100). There were
two cases out of 98 with posttreatment CIN 2 or worse
and therefore sparse data for comparing pooled HPV
results to genotyping. Same-genotype persistence re-
sults predicted CIN 2 or worse with sensitivity of
100% (95% CI 34.2-100), specificity 95% (95% CI
88.4-97.8), PPV 28.6% (95% CI 8.3-64.1), and NPV
100% (95% CI 94.9-100) (Table 3 and Fig. 2). The
specificity for same-genotype persistence was statisti-
cally significantly higher than the specificity for qual-
itative pooled HPV positivity. New HPV genotype
infection results predicted CIN 2 or worse with sensi-
tivity of 0% (95% CI 0-84.2), specificity 54.2% (95%
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CI 42.9-65.2), PPV 0%, and NPV 95.7% (95% CI
94.9-96.5).23

A post hoc analysis of 347 women enrolled in the
Guanacaste, Costa Rica Natural History Study cohort,
who were treated for high-grade CIN reported pre-
treatment and posttreatment cytology, HPV, and
genotyping results (Table 1).2> Of the 36 women with
positive pooled HPV results, 50% had persistent, same-
genotype infection, and 50% had a new infection. Post-
treatment, qualitative HPV test results predicted CIN 2
or worse with sensitivity of 100% (95% CI 63.1-100),
specificity 85.0 (95% CI 78.9-89.7), PPV 22.2% (95%
CI 16.9-28.7), and NPV of 100%. Same-genotype per-
sistence results predicted CIN 2 or worse with sensitiv-
ity of 100% (95% CI 63.1-100), specificity 94.6% (95%
CI 90.3-97.4), PPV 44.4% (95% CI 30.5-59.4), and
NPV 100% (Table 3 and Fig. 2). The specificity and
PPV for same-genotype persistence were statistically
significantly higher than the specificity and PPV for
qualitative pooled HPV positivity. No posttreatment
disease was observed among women with new HPV
infections during the follow-up period. New HPV
genotype infection results predicted CIN 2 or worse
with sensitivity of 0% (95% CI 0-36.9), specificity
90.3% (95% CI 85.1-94.1), PPV 0%, and NPV 95.4%
(95% CI 95.2-95.6).2°

A study of 178 women in Sweden who were
treated for CIN 2 or worse with conization and had
cytology, qualitative HPV, and genotyping tests
before and treatment were followed at 3, 6, 12, 24,
and 36 months posttreatment (Table 1).26 Of the 51
patients with a qualitative pooled HPV-positive result
at follow-up, 25 were same-genotype persistent (49%),
and 26 were new genotype infections (51%). Posttreat-
ment, qualitative HPV test results predicted CIN 2 or
worse with sensitivity of 100% (95% CI 73.6-100),
specificity 66.7 (95% CI 57.4-75.1), PPV 23.5%

OBSTETRICS & GYNECOLOGY



Table 3. Comparison of Diagnostic Performance of Qualitative Human Papillomavirus Compared With
Genotyping for Posttreatment Cervical Intraepithelial Neoplasia 2 or Worse20-26

Study Sensitivity Specificity PPV NPV
Diagnostic performance of qualitative HPV pooled
result for CIN 2 or worse posttreatment
Brismar et al?! 100 (47.8-100) 73.4 (62.3-82.7) 19.2 (14.2-24.6) 100*
Jones et al?? 100 (15.8-100)  42.6 (32.4-53.2) 3.6 (3.0-4.2) 100*
Kreimer et al?® 100 (63.1-100)  84.9 (78.9-89.7) 22.2 (16.9-28.7) 100*
Soderlund-Strand et al?® 100 (73.6-100)  66.7 (57.4-75.1) 23.5 (19.2-28.5) 100*
Bottari et al?? 83.3 (35.9-99.6) 80.3 (72.9-86.4) 14.7 (9.6-21.9) 99.2 (95.2-99.9)
Kang et al** 97.3 (84.2-99.9) 93.1 (90.7-94.9) 45.0 (34.0-56.5) 99.8 (98.9-99.9)
Heymans et al?? 100 (83.9-100) 57.1 (41.0-72.3) 53.9 (45.1-62.3) 100*
Median 100 73.4 22.2 100
No. of colposcopies/CIN 2 or worse 4.5
Diagnostic performance of same-genotype persistent
result for CIN 2 or worse posttreatment
Brismar et al?! 60 (14.7-94.7) 949 (87.5-98.6) 42.9 (18.5-71.2) 97.4 (92.8-99.1)
Jones et al?? 100 (15.8-100)  78.7 (69.0-86.5) 9.1 (6.4-12.9) 100*
Kreimer et al?® 100 (63.1-100) 94.6 (90.3-97.4) 44.4 (30.5-59.4) 100*
Soderlund-Strand et al?® 100 (71.5-100)  94.2 (88.4-97.6) 61.1 (43.4-76.3) 100*
Bottari et al?° 83.3 (35.9-99.6) 83.1(75.9-88.9) 17.2 (11.1-25.8) 99.2 (95.2-99.9)
Kang et al>* 100 (88.3-100) 97 (95.3-98.1)  66.1 (52.1-77.8) 100 (99.2-100)
Heymans et al?? 100 (83.9-100)  69.1 (52.9-82.4) 61.8 (50.7-71.7) 100*
Median 100 94.2 44.4 100
No. of colposcopies/CIN 2 or worse 2.3
Diagnostic performance of new genotype infection
result for CIN 2 or worse posttreatment
Brismar et al?! 40 (5.27-85.3)  78.4 (67.8-86.9) 10.5 (3.6-27.2) 95.4 (90.9-97.7)
Jones et al?3 0 (0-84.2) 61.7 (51.1-71.5) 0* 95.7 (94.9-96.5)
Kreimer et al?> 0 (0-36.9) 90.3 (85.1-94.1) 0* 96.7 (96.1-97.1)
Soderlund-Strand et al?® 10 (0.25-44.5) 72.5 (63.6-80.25) 2.9 (0.5-16.6) 90.6 (88.4-92.4)
Bottari et al?° 0 (0-97.5) 92.2 (86.1-96.2) 0* 99.2 (99.1-99.2)
Kang et al>* 0 (0-9.5) 38.6 (24.4-54.5) 0* 31.5 (24.5-40.0)
Heymans et al?? 0 (0-16.1) 88.1 (74.4-96.0) 0* 63.8 (61.2-66.3)
Median 0 78.4 0 95.4
No. of colposcopies/CIN 2 or worse 52 or more

PPV, positive predictive value; NPV, negative predictive value; HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

Data are % (95% CI) unless otherwise specified.
*No confidence interval is provided when the value is 0 or 100.

(95% CI 19.2-28.5), and NPV of 100%. Same-
genotype persistence results predicted CIN 2 or worse
with sensitivity of 100% (95% CI 71.5-100), specificity
94.2% (95% CI 88.4-97.6), PPV 61.1% (95% CI 43.4-
76.3), and NPV 100% (Table 3 and Fig. 2). The spec-
ificity and PPV for same-genotype persistence were
statistically significantly higher than the specificity
and PPV for qualitative pooled HPV positivity. New
HPV genotype infection results predicted CIN 2 or
worse with sensitivity of 10% (95% CI 0.3-44.5), spec-
ificity 72.5% (95% CI 63.6-80.3), PPV 2.9% (95% CI
0.5-16.6), and NPV 95.4% (90.6% CI 88.4-92.4).25
A study of 167 women in Milan who were treated
for high-grade CIN and were assessed by cytology and
qualitative pooled HPV testing and genotyping pre-
treatment and at 6 months after LEEP or laser coniza-
tion reported results in 2019 (Table 1).2° Of the 34
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patients with a qualitative pooled HPV-positive result
at follow-up, 24 were same-genotype persistent (71%),
and 10 were new genotype infections (29%). Posttreat-
ment, qualitative HPV test results predicted CIN 2 or
worse with sensitivity of 83.3% (95% CI 35.9-99.6),
specificity 80.3 (95% CI 72.9-86.4), PPV 14.7% (95%
CI 9.6-22), and NPV of 99.2% (95% CI 95.2-99.9).
Same-genotype persistence results predicted CIN 2 or
worse with sensitivity of 83.3% (95% CI 35.6-99.6),
specificity 83.1% (95% CI 75.9-88.9), PPV 17.2%
(95% CI 11.1-25.8), and NPV 99.2% (95% CI 95.2-
99.9) (Table 3 and Fig. 2). New HPV genotype infection
results predicted CIN 2 or worse with sensitivity of 0%
(95% CI 0-97.5), specificity 92.2% (95% CI 86.1-96.2),
PPV 0%, and NPV 99.2% (90.6% CI 99.1-99.2).2°

A retrospective study of 672 women in South
Korea who had been treated with LEEP for CIN 2 or
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Fig. 2. Receiver operating characteristics curves (sensitivity
against 1-specificity) for three posttreatment human papil-
lomavirus (HPV) results. Median values from the three
screening strategies for sensitivity and specificity values
obtained from the seven included studies: blue circle point
values and hashed line represent qualitative HPV-positive,
orange circle point values and hashed line represent same-
genotype persistence, and orange triangle point values and
orange dotted lines represent new HPV genotype infection
posttreatment. The overall screening group (from the seven
studies) median values for sensitive and 1-specificity are
plotted as single points and represent qualitative HPV-
positive (blue diamond), same-genotype persistence
(orange diamond) and new infection (white diamond).
Receiver operating characteristics analysis revealed area
under the curve values close to 1 for qualitative HPV and
same-genotype persistence; the new infection area under
the curve value was 0.24.

Bottari. Human Papillomavirus Genotyping After High-Grade CIN
Treatment. Obstet Gynecol 2019.

worse, had pretreatment and posttreatment cytology,
qualitative pooled HPV and genotype results
(Table 1).24 A total of 37 women (5.5%) had posttreat-
ment CIN 2 or worse, and 100% of them tested pos-
itive for the same HPV genotype before and after
treatment. Posttreatment, qualitative HPV test results
predicted CIN 2 or worse with sensitivity of 97.3%
(95% CI 98.9-99.9), specificity 93.1 (95% CI 90.7-
94.9), PPV 45% (95% CI 34-56.5), and NPV of
99.8% (95% CI 95.2-99.9). Same-genotype persis-
tence results predicted CIN 2 or worse with sensitivity
\of 100% (95% CI 88.3-100), specificity 97% (95% CI
95.3-98.1), PPV 66.1% (95% CI 52.1-77.8), and NPV
1,002% (95% CI 99.2-100) (Table 3 and Fig. 2). The
specificity for same-genotype persistence was statistically
significantly higher than the specificity for qualitative
pooled HPV positivity. New HPV genotype infection
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results predicted CIN 2 or worse with sensitivity of 0%
(95% CI 0-9.5), specificity 38.6% (95% CI 24.4-54.5),
PPV 0%, and NPV 31.5% (90.6% CI 24.5-40).%*

A case—control registry-based study in Belgium
enrolled 21 women with biopsy-proven recurrence
of CIN 2 or worse (cases), compared with 42 women
without recurrence (controls), with a follow-up period
of at least 24 months after treatment of CIN 2 or
worse (Table 1).22 HPV testing at 6 months posttreat-
ment was significantly more sensitive compared with
follow-up cytology (risk ratio: 1.31; 95% CI 1.10-
1.54), but less specific (risk ratio: 0.85; 95% CI
0.81-0.90) to predict treatment failure or recurrence.
All women who developed a recurrence tested posi-
tive for HPV. Of the 18 patients with a qualitative
pooled HPV-positive result at follow-up, 13 were
same-genotype persistent (72%), and five were new
genotype infections (28%). Posttreatment, qualitative
HPYV test results predicted CIN 2 or worse with sen-
sitivity of 100% (95% CI 83.9-100), specificity 57.1
(95% CI 41-72.3), PPV 53.9% (95% CI 45.1-62.3),
and NPV of 100%. Same-genotype persistence results
predicted CIN 2 or worse with sensitivity of 100%
(95% CI 83.9-100), specificity 69.1% (95% CI 52.9-
82.4), PPV 61.8% (95% CI 50.7-71.7), and NPV 100%
(Table 3 and Fig. 2). New HPV genotype infection
results predicted CIN 2 or worse with sensitivity of
0% (95% CI 0-16.1), specificity 88.1% (95% CI 74.4-
96.0), PPV 0%, and NPV 63.8% (90.6% CI 61.2-66.3).
The PPV and NPV of same genotype detection were
statistically significantly different from the PPV and
NPV of new genotype infection.??

Risk of bias for each of the seven included studies
was assessed by the modified Newcastle-Ottawa scale,
with six domains, by four authors individually (F.B.,
ADI, DS.G,J.C.A.). Majority decision determined
the answers; in the event of a tie, a fifth author
(M.T.S.) would have voted to resolve, but this was not
required. The results are reported in Table 4.

The overall quality of evidence for the risk
estimate outcomes (all included studies) using a mod-
ified GRADE methodology for observational diag-
nostic studies was assessed, and the summary
assessment of risk of bias for the individual studies,
indirectness, imprecision, inconsistency, magnitude of
effect, and whether all plausible confounders or other
biases increased confidence in the estimated effect was
considered by four authors individually (F.B., A.D.L,
D.S.G., J.C.A.). Majority decision determined the
answers; in the event of a tie, a fifth author (M.T.S.)
would have voted to resolve, but this was not
required. The results are reported in Table 5. For
the outcome CIN 2 or worse prediction posttreatment
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by genotyping (same-genotype persistence or new
infection) compared with qualitative HPV, sensitivity
and NPV, the overall quality of evidence was
adjudged moderate. For the outcome CIN 2 or worse
prediction posttreatment by genotyping (same-geno-
type persistence or new infection) compared with
qualitative HPV, specificity and PPV, the overall
quality of evidence was adjudged moderate. Further
research is likely to have an effect on our confidence
in the estimate of risk. Confidence in the risk estimates
is constrained by the size individual studies. However,
the risk discrimination afforded by genotyping is sig-
nificantly greater than by qualitative HPV pooled re-
sults, and this observed effect is unlikely to change,
although the magnitude could be altered by more
information from future studies.

The sensitivity of qualitative HPV-positive results
and same genotype positive results, posttreatment
with known HPV genotype status pretreatment ap-
proaches 100% for both tests; however, differences
were identified between the two diagnostic ap-
proaches for specificity and PPV values (Table 2).
The receiver operator characteristic curve in Figure 2
represents the optimal balance (sensitivity vs specific-
ity) for diagnostic capacity (visualized at the curve
inflection to identify the discrete balance threshold)
and presents diagnostic comparisons between pooled
HPV positivity, genotype-specific persistence, and
new genotype infection. Relative to the comparator
(pooled HPV persistence) genotype-specific persis-
tence results in an inflection point providing better
sensitivity and specificity values compared with new

genotype infection. When compared directly to
pooled HPV persistence, genotype-specific persis-
tence shows a similar AUC. However, the inflection
point of the curve for genotype-specific persistence is
located to the left of that for pooled HPV persistence
(0.85 vs 0.7, respectively), indicating greater PPV with
genotype-specific persistence compared with pooled
HPV persistence. The PPV for same genotype posi-
tive results posttreatment (median 44.4%) is approxi-
mately double the PPV (22.2%) for qualitative HPV-
positive results (Table 2). The PPV of a new HPV
infection posttreatment approximates zero. Pooled
HPV persistence, on the other hand, results in 6-8%
higher sensitivity at the inflection point compared
with genotype-specific persistence. However, as men-
tioned above and as shown (plotted medians) in Fig-
ure 2, the overall median sensitivity was determined
to be 100% for same-genotype persistence and pooled
HPV persistence. Clearance of HPV posttreatment,
with negative HPV assay results provides a NPV
approximating 100% (Table 3 and Fig. 2).

DISCUSSION

The seven studies included in this review demon-
strated that qualitative HPV pooled results have good
clinical utility when following women after treatment
for CIN 2 or worse. However, these studies reported
that new HPV infection (with clearance of the pre-
treatment genotypes) accounted for a median of 60%
of positive HPV results posttreatment. The risk of
CIN 2 or worse after treatment was very low in the
case of new HPV infection; zero for five studies, 2.9%

Table 4. Modified Newcastle-Ottawa Scale (Risk of Bias Tool for Quality Assessment of Observational

Studies)*
Assessment of RoB
Study Selection® Performance* Detection®  Attrition| Reporting®  Other RoB
Brismar et al?! Low Uncertain® Uncertain** Low Low Low
Jones et al?3 Low Uncertain® Uncertain** Low Low Low
Soderlund-Strand et al2® Low Uncertain® Uncertain** Low Low Low
Kreimer et al?® Low Low Low Low Low Low
Bottari et al?? Low Uncertain® Uncertain** Low Low Low
Kang et al?* Low Low Low Low Low Low
Heymans et al?? Low Low Low Low Low Low

RoB, risk of bias.
*In all cases, answers are “Low,” “High,” or “Uncertain.”

* Representative of whole, general population that is eligible for test-of-cure by region or country standard of care.

* Clinician blind to study results.

S Pathologist blind to human papillomavirus (HPV); cytologist blind to HPV.

I Difference in loss to follow-up between analyzed groups; incomplete outcome(s) data for more than 20%.

T Selective outcome reporting; systematic difference between reported and unreported results.

# Although apparently not blinded, the risk that the clinician could have affected the HPV result seems low.

" Although blinding is not described, the HPV genotype result is unlikely to have been biased by knowledge of cytology.
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Table 5. Overall Quality of Evidence for Outcomes (Modified GRADE)

Summary
RoB In
Assessment* Indirectness Imprecision consistency Bias

Publication Magnitude Confounder

Outcome of Effect Effect’ Overall

(1) CIN 2 or Low Direct Precise Consistent Unknown
worse
sensitivity,
NPV
prediction—
posttreatment*

(2) CIN 2 or Low
worse
specificity,
PPV
prediction—

posttreatment”

Not large No High

Direct Precise Consistent Unknown Large No Moderate

GRADE, Grading of Recommendations, Assessment, Development and Evaluation'?; RoB, risk of bias; CIN, cervical intraepithelial neo-
plasia; NPV, negative predictive value; PPV, positive predictive value.

* See Risk of Bias, Table (Table 4).

¥ Confounder effect characterizes the degree to which all plausible confounders would tend to increase confidence in the estimated effect.

* Same-genotype persistence—or new infection—compared with qualitative HPV result.

for one study, and 10.5% for one study. The risk of
CIN 2 or worse after treatment was statistically and
clinically significantly in the case of same-genotype
persistence; a median PPV of 44.4% (range 17.2-
66.1%). A PPV of 44.4% is in the risk range for rec-
ommending repeat colposcopy and biopsy, and con-
sideration of repeat treatment.? The median PPV for
new HPV infection (with clearance of the genotypes
detected pretreatment) is in risk range for recom-
mending retesting (surveillance without immediate
colposcopy).?

If all HPV positivity after treatment of CIN 2 or
worse was the same genotype that was identified
pretreatment, there would be no need for genotyping.
Because these studies showed that a mean of 50% of
HPV detected posttreatment were new HPV infec-
tions (range 28-78%) (Table 2), there is a role for
genotype testing pretreatment and posttreatment in
women with CIN 2 or worse.

Within the United States, in 2019, the FDA
approved HPV assays are limited to reporting of
genotypes 16, 18, and 45. Outside the United States,
there are several HPV genotyping assays. The VAL-
GENT framework group classified these as qualitative
(pooled result for 13-14 oncogenic genotypes); partial
or limited genotyping assay (individual reporting of
HPV16 and 18 and the remaining high-risk HPV in
a group of 12 others); extended genotyping requires
the assay to report at least six individual genotypes
and the remaining in one or more groups; and full
genotyping requires the assay to report all high-risk
genotypes individually.?8
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HPV genotype reporting pretreatment and post-
treatment for women with CIN 2 or worse provides
better specificity and significantly improved PPV
compared with qualitative HPV pooled assay results,
without diminishing sensitivity or NPV (Fig. 2).
Although the areas under the curve (Fig. 2) for qual-
itative HPV persistence and genotype-specific resis-
tance are similar in this synthesis, certain points
should be made before a proper interpretation can
be made regarding their comparative ability to dis-
criminate between true and false positive or negative
results. First, these results were derived from a small
sample size and included analysis with median perfor-
mance values—therefore a stringent statistical analysis
is not possible. Second, the genotype make-up of the
qualitative HPV persistence approach was not known;
it could have contained a disproportionately high
prevalence of high-risk genotypes (eg, HPV 16, 31,
or 33) that could lead to CIN 2 or worse lesions rel-
atively early (12-18 months) and therefore do not
apply to the persistence aspect of HPV screening that
is considered in this systematic review. As discussed
above, up to 70% of the qualitative HPV persistence
cases in question could have involved same-genotype
persistence, which would greatly reduce the hypothe-
sized difference in performance relative to same-
genotype persistence.

Limitations of this review include that there were
only seven studies, with a total of 1,543 patients, of
which 316 had positive HPV results posttreatment for
CIN 2 or worse. The results of the seven studies were
synthesized, to the degree possible, while retaining
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and presenting the individual results. The population
factors were mildly heterogeneous; the years of study
varied; the techniques for treatment likely varied
between the six countries. The genotyping test under
investigation was different in each of the studies, and
only one of the tests had validated clinical cutoffs. The
comparator qualitative HPV test differed across the
studies. The timing of the follow-up HPV test, and the
duration of histopathologic follow-up varied signifi-
cantly across the studies. Most recent guidelines from
Gruppo Italiano Screening Citologico (GISCi) and
ASCCP indicate 6 and 12 months, respectively, as the
most suitable period for carrying out the first follow-
up visit after treatment of CIN 2 or worse.?3? Taken
in total, the elements and degrees of heterogeneity
resulted in our judgment that formal meta-analysis
would not be appropriate. If performed, meta-
analysis would require a Bayesian methodology and
several assumptions and inference judgments would
be needed.

Additional limitations to be considered include that
HPV genotyping is an established research test, but
a relatively recent clinical assay; availability and access
to clinical genotype testing may be limited. Although it
is possible that, in future, higher reimbursement could
be assigned to HPV assays with genotyping capabilities,
in 2019 the reimbursement for genotyping tests is the
same as that for qualitative pooled results. The genotyp-
ing results are commonly reported in the same run as
the HPV qualitative result. Therefore, the cost and
resources are the same for qualitative compared with
genotyping, but genotyping provides more information
to the clinician and the woman. Finally, although not
a focus of this systematic review, there are rare cases of
premalignant and invasive cervical lesions are related to
non-high-risk HPV genotypes, which would not be de-
tected by either qualitative HPV assays with clinical in-
dications, nor genotyping assays with clinical
indications.?!

New genotype infection has very low ability to
discriminate between true and false screening results;
a clear difference in AUC values between new
genotype infection and genotype-specific persistence
is demonstrated in Figure 2. In addition, those women
with same-genotype persistence posttreatment are at
significant risk of CIN 2 or worse and would undergo
the same management as for qualitative HPV-positive
results. Those women with clearance of the pretreat-
ment genotype and detection of a new HPV genotype
infection posttreatment are at a significantly lower risk
of CIN 2 or worse, and by the principle of similar
management for similar risk, could be managed by
repeat testing (either HPV assay or HPV and cytol-
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ogy), thus avoiding an immediate repeat colposcopy
and reducing the risk of over-treatment.
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