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Abstract
Background—HPV testing is more sensitive than cytology; some cervical cancer prevention
programs will switch from cytology to carcinogenic HPV test-based screening.

Objective—To evaluate the clinical implications of a switch to HPV test-based screening on
performance and workload of colposcopy.

Methods—Women in the population-based, 7-year Guanacaste cohort study were screened at
enrollment using cytology. We also took another specimen for HPV DNA testing and collected
magnified cervical photographic images (cervigrams). A final case diagnosis (≥CIN3, CIN2, or
<CIN2) was assigned at exit. Using the cervigram as a surrogate of colposcopy impression, we
evaluated the impact of changing screening method from cytology to carcinogenic HPV testing on
the distribution of enrollment colposcopic impression, and on the predictive values of positive and
negative colposcopic impressions for the cumulative 7-year detection of ≥CIN2 and ≥CIN3.

Results—A program based on immediate colposcopic referral after positive HPV would
immediately identify as high risk more of the cumulative ≥CIN2 cases than conventional
cytology, because of an increased number of referrals. However, the proportion of women that
would have visible lesions at referral to colposcopy, and the sensitivity-versus-specificity trade-off
of the colposcopic impressions would be similar to programs using cytology (≥ASCUS) for
referral.

Conclusions—The major concern with switching from cytology to more sensitive HPV
screening is management of the many HPV-positive women, including those with still non-visible
≥CIN2 lesions. Our data support the need for a non-visual diagnostic method to guide
management and treatment of HPV-positive women.
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INTRODUCTION
Cervical cancer screening is designed to detect easily treatable cancer precursors, most
commonly defined as cervical intraepithelial neoplasia grade 2 (CIN2) and greater, or more
stringently as CIN3. The intention is to detect precursor lesions with prognostic accuracy,
i.e., to find the lesions that will become cancer some years into the future to permit safe
interval screening.

Multiple prospective observational studies1–4 and randomized trials5–10 have shown that
testing for carcinogenic types of human papillomavirus (HPV) is more sensitive than
cytology. Prospectively, carcinogenic HPV testing (which we will simply call HPV testing)
is much more sensitive, but less specific, than cytology for prediction of subsequent risk of
CIN2, CIN3, and cancer (which together we will refer to as ≥CIN2). As a result, various
countries are considering whether and how to switch from cytology-based to HPV test-based
cervical screening. The specificity of HPV testing is inadequate particularly at young ages
when transient sexually transmitted infections are very common. It is likely that a screening
program based primarily on HPV, will be restricted to women past the peak of sexual
transmission, e.g., 30 and older, as is currently approved for the use of the test in
conjunction with cytology in the United States.11 The ideal length of the screening interval
for a test-based program is still under discussion; however, it is clear that given its high
negative predictive value, it would be longer than the interval recommended for cytology
based screening programs.

Currently, in cytology-based screening programs, colposcopy is used as the second test
(diagnostic test) to distinguish among women with abnormal cytology those who need to be
treated. If colposcopy remains as the diagnostic test after switching to HPV testing as the
primary screening method, the central diagnostic role of colposcopy will remain but the
clinical characteristics and size of the population seen at colposcopy will be altered.
Referring only women who are carcinogenic HPV-positive would remove the substantial
burden of examining women with only non-carcinogenic HPV type or HPV-negative, look-
alike lesions that would never progress to cervical cancer. Thus, colposcopists would only
examine patients with carcinogenic HPV infections, who in aggregate are at substantially
elevated risk of subsequent ≥CIN2.

Despite its theoretical advantages due to increased sensitivity and causality the great
majority of infections, especially new infections, would be benign, and ~90% would clear
within 5 years.12 Also, because HPV testing is so sensitive, it picks up infections very early
in the carcinogenic process; early lesions may not be detectable in colposcopy. The need to
evaluate so many infections, in the effort to choose those destined to lead to ≥CIN2, will
challenge the capabilities of colposcopy which, when applied to small lesions is prone to
sub-optimal reproducibility, and imperfect sensitivity and specificity.13

To evaluate how a switch to HPV-based screening might affect colposcopy practice, we
used data from the population-based cohort study of HPV and cervical neoplasia in
Guanacaste, Costa Rica. Specifically, we estimated the difference in colposcopic
characteristics and colposcopic performance between the subsets of screened patients
referred based on conventional cytology and the subsets of the screened patients that would
have been referred in a program based on HPV testing. We evaluated the performance of
colposcopy at the most sensitive threshold of abnormality (presence of acetowhite areas)
comparing the predictive values of normal versus abnormal colposcopic impression for the
detection of lesions (≥CIN2 and ≥CIN3) through the 7 years of the study based on initial
assessment. We included in our definition of disease outcome all prevalent and incident
diagnoses of CIN2 and ≥CIN3 detected through the 7 years of the study because of recent
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suggestions that HPV based screening would permit prolonged screening intervals
approximately as long as the duration of our cohort study.14

METHODS
Study Procedures

The Guanacaste cohort study15, 16 was designed to investigate the role of HPV infection in
the development of ≥CIN2, and to evaluate new screening technologies. In this population, a
previous comparison of HPV testing to cytology confirmed the substantially increased
sensitivity of HPV testing compared with conventional cytology.1 The design and methods
of the cohort study have been described in detail.15, 16 Briefly, approximately 20% of the
census tracts in the area were selected randomly, and all resident women older than 18 years
were enumerated (11,742 women). A total of 10,049 women (>90% participation among
eligible women) were enrolled between June 1993 and December 1994. All participants
signed informed consent and the protocol was approved by Costa Rican and the US National
Cancer Institute Institutional Review Boards.

At enrollment, the cohort was intensively screened by a small group of experienced, highly-
trained nurses. Women were screened by direct visual inspection, then a cytology specimen
was taken using a Cervex Brush broom-like sampler (Unimar, Connecticut); two slides were
produced, including a conventional Pap smear and liquid-based cytology (a split sample
ThinPrep using the residual cells from the Pap smear placed into PreservCyt, Cytyc
Corporation, now Hologic). The ThinPrep was interpreted by an expert screening/
pathologist team in the United States. Of note, this technique was used during its
developmental phase in which sensitivity of interpretation was emphasized over specificity
leading to an extremely high rate of abnormal interpretations, for that reason the results of
this technique were not included in this analysis. The conventional smear was screened in a
clinically typical fashion in Costa Rica and read by an expert Costa Rican cytopathologist.
The conventional smear was also interpreted using the semi-automated PapNet method
(Neuromedical Systems, Suffern, NY) that selected abnormal cells and cell clusters that
were screened and evaluated at Johns Hopkins University. PapNet is no longer widely used;
moreover, its results resembled conventional cytology. For simplicity, it is not mentioned
further in this manuscript.

After cytology and a second swab for HPV testing (see below), the nurses applied 5% acetic
acid and took replicate magnified photographic images of the cervix (cervigrams) which
were evaluated in the United States by a single expert evaluator (National Testing
Laboratories, Fenton MO). The cervigrams were interpreted as: negative (no lesion seen),
atypical (a lesion of doubtful significance was observed inside or outside of the
transformation zone), P0 (remotely worrisome, although probably normal), P1 (compatible
with an HPV induced low grade lesion), P2 (compatible with either CIN2 or CIN3) and P3
(compatible with cancer).

HPV detection and typing were done on a second specimen collected using a Dacron swab
and stored in ViraPap DNA transport medium (Digene, now Qiagen) as described
previously.17 In brief, extracted DNA was amplified using a MY09/M11 L1 degenerate
primer PCR system with AmpliTaq gold polymerase. PCR products were detected by gel
electrophoresis and hybridized with radiolabeled generic HPV DNA probes. Dot-blot
hybridization was used for HPV typing using type-specific probes for HPV types:
6,11,16,18,26,31–33,35,39,40,45,51–56,58,59,61,62,64,66–74,81–85 and 89. Three
experienced investigators who were masked to clinical outcomes interpreted each result, and
discrepancies were resolved by consensus.
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At enrollment, as shown in Figure 1, women were referred to colposcopy if they had any
abnormal result (≥ASCUS or atypical squamous cells of unknown significance) on any of
the three cytologic methods, or positive cervigram (≥P0, including all positive cervigram
categories from P0 to P3). Also women with a possibly severe lesion suspected by visual
inspection at the beginning of the pelvic exam were referred. Of note, the enrollment visit
HPV testing results were not used to refer women to colposcopy. To guard against referral
bias, a 2% random sample of all women regardless of screening results was referred to
colposcopy but none had ≥CIN2. Because of the very liberal referral criteria meant to
capture all women at possibly elevated risk of subsequent ≥CIN2, 24% of the 9175 women
screened at enrollment were referred to colposcopy. The median time between the
enrollment screening visit and the colposcopy visit was 90 days.

Based on the diagnosis given at the end of the enrollment phase women were followed up at
different intervals. Women with cytologic LSIL or histologic CIN1 were re-screened every 6
months; women with ASCUS, cervigram P0 or P1, ≥5 sexual partners and those positive for
carcinogenic HPV-based on a now obsolete test called Hybrid Capture Tube were re-
screened every year.16 Women with all negative screening at enrollment were seen again at
5–7 years, except for a random sample of 540 women followed yearly, which confirmed
their extremely low risk for ≥CIN2.12

During follow up, only women with cytology or cervicography indicating possible incident
≥CIN2, or nurse concern over possible cancer were referred to colposcopy (Figure 1). In
addition, at the exit phase of the cohort we referred women with cytologic results of ASCUS
or LSIL, cervigrams of P0 and P1, or HPV 16 or HPV18 infection at either of the last two
screening visits. We also referred women with ongoing persistent infection with other
carcinogenic HPV types and a 6% random sample of the cohort.

The sensitivity of disease ascertainment in the Guanacaste cohort study was achieved by
multiple screening visits over a long period, multiple screening methods, liberal colposcopic
criteria. At enrollment and during follow-up lasting 7 years, women with suspected ≥CIN2
lesions were excluded from further follow-up and treated by excision if needed.

At colposcopy visits throughout the cohort study, a single colposcopist (JM) performed all
treatments and biopsies under colposcopic guidance, if no lesions were seen no random
biopsies were taken. Unless women with suspected ≥CIN2 lesions (e.g., HSIL cytology)
were older and already had multiple children, a confirmatory biopsy was taken before
treatment by excision. The histologic final diagnosis was assigned after review by an expert
panel including two US experts. At the end of the study all women received a final case
assignment as invasive cancer, CIN3, CIN2 or <CIN2 according to an algorithm based on
the independent masked review.

This analysis is based on the relationship of enrollment screening results, enrollment
cervicography (to simulate enrollment colposcopic impressions), on histologic endpoints
during the entire course (7 years) of the cohort study.

Statistical Analysis
Of the 10,049 women enrolled in the study, 8369 were included in this analysis after
exclusions of women who at enrollment were virgins (n=583), refused the pelvic exam
(n=291), had undergone hysterectomy (n=630), or had missing results for the cervigram
(n=94), the HPV DNA testing (n=19), or the conventional cytology (n=63).

Cytology results were categorized as normal (normal, reactive changes) and ≥ASCUS
(ASCUS, LSIL, HSIL, and rare glandular lesions). HPV DNA testing was categorized as
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positive if there was at least 1 of the 13 carcinogenic HPV types as defined by the latest
categorization of the International Agency for Research on Cancer (IARC) (HPV
16,18,31,33,35,39,45,51,52,56,58,59,68).18

To estimate how a change to HPV testing for primary screening would change colposcopic
performance, we combined the categories of estimated colposcopic impressions into normal
or abnormal and evaluated the actual disease yield for each category using final histologic
disease outcomes. We did not attempt to evaluate finer categories of colposcopic
abnormality because visual grading of severity of cervical lesions is inaccurate and not
reproducible.19 The main reliable conclusion from previous work is that most women with
≥CIN3 show some abnormality (acetowhitening particularly), and we assessed colposcopic
performance at this basic level.

Specifically, among women who screened positive for each method, we evaluated the
positive predictive value (PPV) of abnormal colposcopic impression and negative predictive
value (NPV) of normal colposcopic impression. It is important to re-emphasize that for the
final diagnostic assignment, we included all prevalent and incident diagnoses of CIN2 and
≥CIN3 detected during the cohort study as the disease outcome. Thus, when we evaluated
the performance of colposcopy we did not differentiate its diagnostic accuracy (performance
in detecting the lesions that were present at enrollment) from prognostic accuracy (ability to
predict future lesions), given that our aim was to evaluate its long-term performance in
anticipation of a lengthened screening intervals with HPV testing.14

Finally, to look at the overall effect of changing from cytology screening followed by
colposcopy to HPV screening followed by colposcopy, we calculated the overall
programmatic sensitivity, specificity, PPV, and NPV in detecting ≥CIN3 for a HPV DNA
test every 7 years leading to a single immediate colposcopy if positive versus conventional
cytology at the same interval leading to a single immediate colposcopy if ≥ASCUS. We
extended the consideration of programmatic accuracy to consider other screening strategies
including the use of HPV testing for triage of ASCUS interpretations as is now commonly
done, and HPV testing followed by conventional cytology triage. All the calculations were
done stratifying by age group (<30 and ≥ 30 years old), to permit a separate evaluation
within the older group for which HPV testing is most commonly recommended.

Given that the two screening methods (HPV testing and conventional cytology) were
performed on the same women, for comparing e.g. PPV, NPP we used the method described
by Leisenring et al, 20 that incorporates GEE (Generalized Estimating Equations) methods in
calculating p-values. The analysis was performed using STATA.

RESULTS
Validation of Cervicography as a Surrogate for Colposcopic Impression

Because we did not perform colposcopy at enrollment on all women in the cohort, we used
the interpretation of the magnified photograph of the cervix (cervigram) taken at enrollment
screening as a surrogate of colposcopic impression. The correlation of cervicographic
impression and colposcopic impression is strong enough for this estimation, as previously
reported.19

To ensure that the cervigram was a good surrogate of the colposcopic impression we
evaluated their agreement among the 2,023 women referred to colposcopy during the
enrollment period Since cervigram interpretations of “Atypical” and “P0” could be
considered as either normal or abnormal, we examined which categorization of these two
cervigram interpretations yielded the highest agreement with the colposcopic impression.
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We evaluated agreement by unweighted kappa (κ) statistics, which test whether observed
agreement is beyond that expected by chance alone and the symmetry chi-square test. In
general, kappa values are interpreted as follows: ≤0.20, poor agreement; 0.21 to 0.40, fair
agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, good agreement; >0.80,
excellent agreement.

Table 1 shows the agreement between colposcopy impression and cervigram (considering
Normal: Negative/P0; and Abnormal: Atypical/P1/P2/P3) that yielded the highest kappa
value (κ=0.73). We chose this categorization. The agreement was even better (κ=0.80) when
the women attended colposcopy within ≤ 90 days of enrollment, suggesting that
cervicography as evaluated at that time by the NTL evaluator was a very good surrogate of
enrollment colposcopic impression by our colposcopist. For completeness the other three
possible categorizations of the cervigram had the following kappa values: 1. Normal
(Negative, Atypical), Abnormal (P0, P1, P2, P3); κ=0.54; 2. Normal (Negative, Atypical,
P0), Abnormal (P1, P2, P3); κ=0.66; 3. Normal (Negative), Abnormal (Atypical, P0, P1, P2,
P3); κ=0.62. Thus, throughout the article, we use the term “estimated colposcopic
impression” referring to the cervigram that was obtained in all women and which showed
very good agreement with colposcopy in women for whom both tests were performed.

Effect of Switch to HPV Screening on Number of Colposcopic Referrals
Table 2 shows that a switch to HPV DNA testing as the primary screening method would
increase the number of women referred to colposcopy (from 7.7% to 19.2%, among women
<30 years old and from 6.7% to 10.8% among women ≥ 30 years old). We compared the
proportionsby paired McNemar statistic, which tests the number of discordant results, the p
values for both age groups were <0.001.

Effect of Switch to HPV Screening on Colposcopic Performance
As shown in Table 3, we evaluated the 7-year cumulative disease outcome for women with
abnormal and normal estimated colposcopic impressions at baseline by age, depending on
which screening test would have referred them to colposcopy.

As expected from a previous analysis in this Guanacaste cohort (1) and numerous other
studies, HPV screening was more sensitive and less specific than conventional cytology.
Among women <30 years old, HPV captured 24 more ≥CIN2 cases than conventional
cytology (Table 3a, 37 ≥CIN2 cases among 176 referred for cytology versus Table 3b, 61 of
440 referred for HPV). Among women aged 30 years or older, HPV captured 36 more
≥CIN2 cases (Table 3c, 84 ≥CIN2 cases among 409 referred for cytology versus 120 cases
among 653 referred for HPV).

Although absolute numbers of colposcopic referrals and the number of ≥CIN2 cases would
increase with use of HPV testing, the percentage of referred women with abnormal
colposcopic impressions (as estimated by cervicography) was very similar regardless of
which method was used for referral to colposcopy (among women <30 years: 37.5% for
conventional, 34.8% for HPV testing, p=0.44; among women ≥ 30 years old: 22.0% for
conventional, 18.8% for HPV testing, p=0.09).

The two most revealing metrics of colposcopic performance are also highlighted in table 3:
positive predictive value (PPV) or absolute risk of ≥CIN2 among women with abnormal
colposcopy and negative predictive value (NPV) or reassurance against ≥CIN2 among those
with normal colposcopy.

We observed that a switch from conventional cytology to HPV screening would not improve
these critical measures of colposcopic performance. Although our data suggested that the
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switch to HPV screening would reduce the PPV (risk of ≥CIN2) following abnormal
colposcopic impressions, the difference was not significant. Among women <30 years old,
the PPV dropped from 31.8% for abnormal colposcopy after abnormal cytology (Table 3a)
to 24.2% for abnormal colposcopy after positive HPV (Table 3b); p= 0.10. A switch to HPV
screening would increase the NPV of normal colposcopic impressions (from 85.5% after
abnormal conventional cytology to 91.6% after HPV positivity, p= 0.02). Among women
≥30 years old, the PPV would drop from 47.8% for abnormal colposcopy after abnormal
conventional cytology (Table 3c) to 41.5% for abnormal colposcopy after positive HPV
(Table 3d); p= 0.15; and would barely change the NPV of normal colposcopic impressions
(~87% for both, p= 0.92).

It is important that many HPV positive women ≥ 30 years old (Table 3d) who were
ultimately found to have ≥CIN2 did not have abnormal estimated colposcopic impressions
at enrollment. Raising the colposcopy cutoff to women with more obvious acetowhite
lesions (i.e., ignoring Atypical, and including only P1, P2 or P3), only 9 of 38 (23.7%) of the
CIN2 and 29 of 82 (35.4%) of the CIN3/cancer cases detected or predicted by HPV testing
would have been classified as colposcopically abnormal if referred immediately.

Evaluating Accuracy of Screening and Colposcopy Combined
To examine accuracy of the total screening program (screening test plus colposcopy) we
calculated sensitivity, specificity, PPV and NPV for the ≥CIN3 cases detected throughout
the 7 years of the study, taking into account the possible compounded errors of the screening
phase and the colposcopy phase.

Independently of the women age, Table 4 first shows that, assuming perfect colposcopic
performance (i.e. that colposcopy would detect all the ≥CIN2l cases positive for the primary
screening test), HPV screening is much more sensitive than conventional cytology for the
detection or prediction of ≥CIN3 cases although it is less specific. This is concordant with
the finding that the major effect of HPV on the screening program is to improve its negative
predictive value, which is a function of sensitivity. The use of HPV testing for triage of
ASCUS prior to colposcopic referral increased the specificity of conventional cytology, with
slight loss in sensitivity. In contrast, the use of conventional cytology for triage of HPV
positive women (considering as screening positive women who were both HPV positive and
≥ASCUS) increased specificity but at expense of a great decrease of the sensitivity
originally gained with HPV testing. In general, we observed that the screening strategies
were more accurate among women older than 30 years; for HPV screening the improvement
in this age group was mainly increasing specificity (assuming perfect colposcopic
performance specificity increased from 82.0% among women <30 years to 90.4% among
women ≥30 years).

However, to evaluate properly the effect of the shift in the screening program including a
downstream impact on colposcopy performance (Table 4, Section B), we estimated the same
measures but considered as positive only women who screened positive at enrollment and
had concomitant estimated colposcopic abnormalities, also at enrollment. We observed that
regardless of a woman’s age at baseline or the screening strategy (cytology, HPV, or
combinations), the sensitivity and NPV of the screening program for prediction of the
subsequent 7 years decreased because of enrollment colposcopic inaccuracy. This reduction
in sensitivity was most pronounced for stand-alone HPV testing among older women. In
short, as a result of colposcopic inaccuracy, the added sensitivity of HPV screening
compared to conventional cytology did not translate into an absolute increase in sensitivity
because of the inability to find many eventual cases of ≥CIN3 among the HPV positive
women who did not (yet) have acetowhite lesions in a one-time colposcopic evaluation.
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DISCUSSION
Using data from the population based cohort study in Guanacaste, Costa Rica, we found that
immediate colposcopic referral based on HPV positivity without further triage, even among
women thirty and older, would be sensitive but non-specific. We evaluated the implications
for colposcopy of a switch from conventional cytology-based screening program to primary
HPV-based cervical screening in terms of number of referrals, percentage of women with
acetowhite lesions and number of CIN2 and CIN3/cancer cases detected by abnormal
colposcopic impression.

Our data indicate that, as expected, moving to HPV-based screening without further triage
would substantially increase the number of colposcopy referrals, as compared to
conventional cytology. At colposcopy, for each woman, the probability of having visible
lesions would remain about the same. Comparing the PPV of abnormal colposcopic
impressions and NPV of normal colposcopic impressions, the performance of colposcopy in
a referral population derived from HPV screening would not be obviously better than its
performance in a population referred by cytology with an ASCUS threshold.

The most important consideration is the impact of switching from cytology to HPV testing
on the performance of the entire program (whose objective, in this analysis, was to detect
and predict risk of CIN3 7 years out) encompassing the screening test and one single
immediate colposcopy, and taking into account colposcopic performance. Our data indicated
that an HPV-based screening program is more sensitive than conventional cytology mainly
because of additional referral of women at risk of developing ≥CIN3. While HPV screening
would refer more women at risk compared to cytology, it would also lead to referral of many
other women with benign transient infections. Also our data indicate that insensitivity of
immediate colposcopy blunted the superior sensitivity of HPV screening, since colposcopy
especially failed at predicting which HPV infections would progress in the next 7 years.

Particularly among women 30 years or older, most of the ≥CIN2 cases detected or predicted
by HPV testing that were diagnosed through the 7 years of the study did not have visible
lesions at baseline. This result was strengthened when we used a stricter definition for
colposcopic abnormality (women with clear visible lesions: cervigrams P1, P2, P3). This
confirms that additional follow up or other forms of triage are needed for HPV positive
women.

One limitation of our approach is that we only used the presence of acetowhite lesions as
indicator of successful colposcopy. Recent data have demonstrated that even in abnormal
appearing cervices, it can be challenging to target the worst lesion with a biopsy. There is a
clear need for a thoughtful protocol for colposcopic referral, and for a more thorough
colposcopically directed biopsy protocol for screen positive women who are referred to
colposcopy especially if only due to positive HPV testing. These results parallel the
comparison of HPV testing vs. repeat cytology for triage of ASCUS in the ALTS trial.21 In
that large trial, many of the CIN3 lesions diagnosed among HPV positive women within 2
years were not detectable by immediate colposcopy. As the first step to improve colposcopic
sensitivity, taking more biopsies has been shown to increase detection of CIN3.22

Because a visual technique cannot be expected to diagnose a molecular/microscopic process
with sensitivity, it would be preferable in an ideal world to avoid colposcopy altogether if
better risk stratifiers justifying immediate treatment were available. In the Guanacaste
Natural History Study, we did not find a clinically appropriate combination of HPV testing
and cytology. However, Naucler et al. reported that primary HPV testing screening followed
with cytology triage and repeat HPV testing among HPV positive women with normal
cytology may be a good strategy combined with cervical cancer screening.23 Ideally, HPV
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positive women should wait at least for 6–12 months to confirm at least short-term
persistence to improve performance, because new infections at any age are typically benign
and persistent infections are risky.12 Perhaps HPV typing (for HPV 16 or 18), restriction of
the test positivity threshold to exclude infections with ultra-low viral load (shown to pose a
low PPV or absolute risk of subsequent ≥CIN3),3, 24 or triage with biomarkers (e.g. p16)
might help to identify which women are at higher risk of progression. The best follow-up to
an HPV-positive test will depend on large part on the resources and health infrastructure of
the screening setting.

When interpreting our results, the fact that we calculated sensitivity using as outcome of
disease all prevalent and incident cases detected through the 7 years of the study should be
kept in mind, thus the lower sensitivity of HPV testing may be partly explained by infections
acquired after baseline screening. Even shorter intervals would miss some interval CIN2 or
CIN3, which is probably not harmful as long as cancer does not develop. We acknowledge
that some might reasonably disagree with the view that colposcopy, as part of cervical
screening, should be evaluated on its longer-term prognostic values.

As pertinent to all studies of subjective visual tests such as colposcopy, other colposcopists
might have interpreted findings differently in individual cases. Still, we expect that the
overall results and the conclusions would not change substantially. Although great
variability exists in colposcopic impressions, this particular pair of cervicographer and
colposcopist had worked together and had good agreement. We are confident that we could
predict colposcopic impression from cervicography. Our colposcopist has been extensively
compared, and found to be mainstream, in large collaborative studies of ASCCP
experts.25, 26

Also, unlike HPV test performance cytologic interpretations vary considerably between
laboratories. While this is a clear advantage of HPV testing, it does not allow to generalize
the quantitative differences between cytology and HPV screening found in our study, since
the magnitude of change in moving from conventional cytology to HPV tests will depend on
the accuracy of the existing screening program.

Despite the limitations, we believe the conclusions to be clear. Switching from cytology-
based to HPV-based screening would not improve colposcopic performance. Colposcopy, in
turn, can not cure the low specificity of HPV screening; visual methods like colposcopy,
cervicography, and possibly even visual inspection with acetic acid, are not good triage tests
for deciding which HPV-infected women should be followed up more intensively. Specific
to each setting considering the introduction of HPV testing, clear guidelines for the clinical
management of HPV positive women are needed to limit colposcopic referral and prevent
(over) treatment; these guidelines must be in place before the widespread implementation of
standalone, primary HPV-based screening.
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Figure 1.
Algorithm for referral to colposcopy during the entire course of the cohort study.
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Table 1

Baseline cervigram interpretations versus colposcopic impressions, among women referred to colposcopy at
enrollment.

Colposcopic impression2
Cervigram interpretation1

TotalNormal Abnormal

Normal 1373 118 1491

Abnormal 94 438 532

Total 1467 556 2023

kappa=0.73 symmetry χ2 p value=0.10

1
Cervigram interpretations: Normal (Negative, P0), Abnormal (Atypical, P1, P2, P3).

2
Colposcopic impressions: Normal and Abnormal (low grade, high grade and cancer)
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