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Background: HPV testing is replacing cytology for cervical cancer screening because of greater sensitivity
and superior reassurance following negative tests for the dozen HPV genotypes that cause cervical cancer.
Management of women testing positive is unresolved. The need for identification of individual HPV geno-
types for clinical use is debated. Also, it is unclear how long to observe persistent infections when pre-
cancer is not initially found.
Methods: In the longitudinal NCI-Kaiser Permanente Northern California Persistence and Progression (PaP)
Study, we observed the clinical outcomes (clearance, progression to CIN3+, or persistence without progres-
sion) of 11,573 HPV-positive women aged 30�65 yielding 14,158 type-specific infections.
Findings: Risks of CIN3+ progression differed substantially by type, with HPV16 conveying uniquely elevated
risk (26% of infections with seven-year CIN3+ risk of 22%). The other carcinogenic HPV types fell into 3 distinct
seven-year CIN3+ risk groups: HPV18, 45 (13% of infections, risks >5%, with known elevated cancer risk);
HPV31, 33, 35, 52, 58 (39%, risks >5%); and HPV39, 51, 56, 59, 68 (23%, risks <5%). In the absence of progres-
sion, HPV clearance rates were similar by type, with 80% of infections no longer detected within three years;
persistence to seven years without progression was uncommon. The predictive value of abnormal cytology
was most evident for prevalent CIN3+, but less evident in follow-up. A woman’s age did not modify risk; rather
it was the duration of persistence that was important.
Keywords:

HPV genotype
HPV outcome, Clearance
Progression
Persistence
ocarcinoma in-situ; ASC-H+, Atypical squamous cells - cannot exclude HSIL; ASC-US, Atypical squamous cells of undeter-
intraepithelial neoplasia; HC2, Hybrid Capture 2; HPV, human papillomavirus; KPNC, Kaiser Permanente Northern Califor-
I, National Cancer Institute; NILM, Negative for intraepithelial lesion or malignancy; PaP, Persistence and Progression; PCR,
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Interpretation: HPV type and persistence are the major predictors of progression to CIN3+; at a minimum, distin-
guishing HPV16 is clinically important. Dividing the other HPV types into three risk-groups is worth considering.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Cervical cancer screening is designed to detect treatable cancer
precursors (“precancers”, approximated most closely histopathologi-
cally as CIN3 and AIS), to prevent cancer mortality and morbidity.
Screening strategies are shifting from cytology to carcinogenic HPV
testing, due to the superior sensitivity of HPV testing for detection of
precancer, providing greater reassurance against cancer when testing
is negative. Although HPV testing is increasingly used, important
aspects of its use are still unresolved, including optimal management
of positive results.

The management of positive results is important because HPV test
positivity is generally high, even when testing starts at age 25 or 30
past the pronounced peak of HPV acquisition following initiation of
sexual intercourse [1]. HPV infections have two possible initial com-
peting outcomes: clearance or “progression” (development of pre-
cancer); infections that neither clear nor progress are said to persist.
Most infections are typically benign, and they clear among immuno-
competent women, such that invasive diagnostic procedures or uni-
versal destructive treatment is not warranted [2]. Waiting for
clearance, with repeat testing, would clarify risk of any HPV infection,
but is generally not favored. Secondary “triage” testing of HPV-posi-
tive women at the time of initial detection is typically recommended.

At present, cytology is frequently used for triage of HPV-positive
women, with non-normal results leading to immediate colposcopy.
Selective genotyping for the highest risk HPV types is sometimes rec-
ommended [3,4]; in which case, detecting HPV16 or HPV18 (the lat-
ter of which is sometimes combined with the related virus HPV45)
[5] also leads to colposcopy.

While it is known that persistent infections are substantially more
likely to yield precancer [6�10], there is no consensus on how long
to follow persistent infections of different types before referral for
colposcopically directed biopsy or even treatment when no precancer
is found at initial colposcopy.

The large National Cancer Institute/Kaiser Permanente Northern Cal-
ifornia Persistence and Progression (PaP) study was initiated in 2006 to
help inform the natural history of individual HPV types, including the
rarer types. In order to guide the use of typing as a triage following pri-
mary HPV testing, the study aimed to identify clinically meaningful,
type-specific patterns in clearance, progression to precancer, or persis-
tence. Here, we report the main results of the PaP study, and the impli-
cations for the greater use of HPV typing in clinical management.

2. Methods

2.1. Study design and population

This is a longitudinal analysis using data from HPV typing of resid-
ual specimens that were archived to permit a historical cohort study,
following routine HPV testing conducted at Kaiser Permanente
Northern California (KPNC). At KPNC, women were tested by Hybrid
Capture 2 (HC2) for HPV (as a pool without genotyping) to triage the
equivocal cytologic result of atypical squamous cells of undetermined
significance (ASC-US) (since 2001) and as a co-test with cytology in
women ages 30 and older (since 2003) [11,12]. The HPV Persistence
and Progression (PaP) study was created by banking residual dis-
carded cervical specimens collected into specimen transport medium
(STM; Qiagen) from women tested by HC2. Opt-out consents were
mailed to women; 8% opted out of specimen storage and research
testing. Survey sampling techniques were used to account for the dif-
ferential selection of CIN2+ in the PaP cohort [13]. Specimens were
selected from CIN2+ cases (sampling fraction 0.81, weight 1.22) and
controls (sampling fraction 0.33, weight 3.07) for HPV genotyping.

The PaP cohort included specimens from 54,133 women aged 25�65
who were tested by HC2 during the study period (Fig. 1). Women with
known history of CIN2+ or hysterectomy prior to baseline were
excluded, as were women under 30 or over 65 years old at baseline.

We then restricted the analytic sample for type-specific analyses
to all 14,158 infections genotyped from among the sample of positive
HC2 test results at baseline [14]. HPV typing was performed at Roche
Molecular Systems (Pleasanton CA) by cobas and Linear Array or at
BD Diagnostics (Sparks MD) by Onclarity [14,15]. A smaller group of
samples was HPV-typed using either Linear Array or an MY09-MY11
PCR-based method at academic laboratories.

2.2. Variables

A subset of HPV-positive specimens (36%) at baseline had more
than one HPV type, complicating interpretation. For example, a
woman infected with three types at baseline could clear one type,

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1. Study population in KPNC’s Persistence and Progression (PaP) study. 1Cervical testing visits obtained between January 1, 2007- January 31, 2011 2 PaP: Persistence and Pro-
gression study 3 KPNC: Kaiser Permanente North California 4 HC2: Hybrid Capture 2 5 HPV typing was done with Linear Array (6910), cobas (6281), MY09/11 (3422), and Onclarity
(9953) 6. HR: high risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) 7. Non-oncogenic HPV infections exclude HPV66 8. This first collection was defined as “baseline”. Speci-
mens collected after baseline were referred to as “follow-up”. Only samples with HC2+ results at baseline were used, with no additional follow-up specimens or correction for
potential infections missed by HC2.

M. Demarco et al. / EClinicalMedicine 22 (2020) 100293 3
acquire another, while a third could lead to progression. We chose to
deal with misclassification of causal exposure by restricting the main
analysis to women with a single type-specific infection at baseline
and no indication of incident infection by any other type during fol-
low-up. Supplementary analyses considered possible impact on out-
comes due to multiple infections.

The natural history of type-specific infections was analyzed based
on positivity of any one (or more) of the assays used, because all of
the major HPV DNA tests had roughly equivalent sensitivity for the
types they distinguished [16]. The main analyses reported individual
estimates for each of the 13 carcinogenic HPV types. Supplementary
analyses also addressed pooled results available in current commer-
cial HPV tests used in clinical settings, which involve some grouping
of typing data. For Onclarity, the data are grouped as HPV16, HPV33/
58, HPV18, HPV31, HPV52, HPV45, HPV35/39/68, HPV51, and HPV56/
59/66. For cobas, “HR12” refers to the 14 types in the cobas assay
minus HPV16 and HPV18. Of note, HPV66 is included as a common
mistake in several HPV assays; it is only extremely rarely carcino-
genic though it causes some lesions that look like precancer [17]. We
did not consider HPV66 individually in the final analysis, after con-
firming its low risk of progression (data not shown) and that invasive
cervical cancer is extremely rare [18,19].

Mutually exclusive outcomes for this analysis, starting from base-
line HPV detection, were: (1) progression of HPV infection to devel-
opment of precancer, (2) clearance of HPV infection, and (3)
persistence of HPV infection (last follow-up time without clearance
or progression). Clearance, progression, and persistence are key
terms in our discussion but their definition for this analysis is not
meant to represent the actual biology of HPV infections. Progression
was defined as a histopathologic diagnosis of CIN3+ (CIN3/AIS/can-
cer) at baseline or any time during follow-up, with CIN2 leading to
censoring at diagnosis as “persistent”. Supplementary analyses con-
sidered CIN2 as an alternative definition of progression, although
CIN2 was de-emphasized because it is a less reliable histopathologic
definition of precancer. Clearance was defined as type-specific HPV pos-
itivity followed by one or more HPV negative result from either type-
specific or group channeled HPV (including HC2 negativity) [20-23].
Persistence was assigned when neither progression nor clearance were
identified by the end of follow-up of that woman.

Possible effect modifiers of risk of progression included observed
length of infection, a woman’s age, and concurrent cytology results. All
analyses started with baseline type-specific HPV infections. We
divided infections into two groups based on the immediate previous
HC2 results prior to the baseline PaP visit. Infections with known
immediately prior negative HC2 (median interval = 1063 days) were
labeled "incident". Infections with unknown prior HC2 status or imme-
diately prior positive HC2 results were possibly already persistent and
labeled "prevalent”. Age was categorized in three age groups corre-
sponding roughly to pre-, peri‑, and post-menopausal cervical status
changes (30�44, 45�54, 55�65). Cytology was reported at the initial
visit, and grouped as: NILM, ASC-US/LSIL, or ASC��H, AGC, and HSIL+
(the last three together referred to as high-grade cytologic result).

2.3. Statistical analysis

First, marginal risk models focused on type-specific time to pro-
gression for prevalent and incident infections with single and multi-
ple HPV types. This analysis described the cumulative risk of
progression by HPV type over seven years; we observed more years
of follow-up at the extreme but truncated the analysis to favor stabil-
ity of estimates with large numbers of women observed. Supplemen-
tary marginal analyses stratified risk of progression by cytology, age,
and prevalent/incident infection.

As a complementary analytic approach, competing risk analyses
were performed that aimed to guide clinical surveillance. For infec-
tions without precancer at baseline, competing risk models estimated
competing prospective outcomes (progression, clearance, or persis-
tence) of HPV infections at each visit over seven years of follow-up



Fig. 2. Competing cumulative risk of clearance, progression (to CIN3+), and persistence of type-specific [1] HPV infections over 7 years of follow-up. 1Competing cumulative inciden-
ces for progression and clearance were calculated as the weighted average of the estimated cumulative incidence rates for each type-specific HPV infection, where weights were
based on the subgroup sample size.
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for which we had sufficiently large numbers to perform a stable anal-
ysis. This analysis was designed to mimic the clinical experience of
following-up an infection that had not (yet) caused precancer, wait-
ing for resolution of the infection or progression to precancer. In com-
peting risk analyses, the estimates for progression, clearance, and
persistence add up to 100% at each time point. Three cumulative
percentage curves of the HPV-infection transitions were created
using type-specific estimates (Fig. 2). In these analyses, a negative
result was labeled as clearance even in the rare event that the
type re-appeared and led to CIN3+. Supplementary analyses
reclassifying clearance, specifically restricting the outcome to
infections without subsequent CIN3+ (data not shown) did not
alter our conclusions.

Sample-weighted logistic-Cox models (combining logistic regres-
sion models with odds ratios for CIN3+ present at baseline and Cox
models with hazard ratios for CIN3+ occurring after baseline) were
used to estimate the cumulative risk of progression while accounting
for differential sampling fractions for CIN2+ [13,24,25]. Methods used
in estimation accounted for verification bias, given that colposcopic
referral in KPNC depended on cytology and repeat HPV positivity.
Time to CIN3+ progression occurred between the last screening visit
that ruled out CIN3+ (via colposcopy or via negative HPV with NILM/
ASC-US) and the first detected CIN3+ measurement (“interval-censor-
ing”). Similarly, exact time of clearance was not observed and we used
the time interval between the last HPV positive measurement and the
first HPV negative measurement for each type-specific HPV infection.
To estimate the cumulative incidence for progression/clearance over
time, we employed a maximum likelihood estimation approach for
interval-censored events [8]. Women who completed the study with-
out progressing to precancer, clearing their infection, or loss to follow-
up were censored as of their last available positive test, admittedly
underestimating true persistence time.

3. Results

3.1. Marginal cumulative risk analysis

Cumulative risk of progression to CIN3+ varied, as expected, for
different HPV types (Fig. 3). The majority (61.2%) of cases were diag-
nosed at the initial HPV-positive visit (62.8% of the CIN3+ among
prevalent infections and 51.5% among incident infections), with a
minority of CIN3+ cases identified during follow-up (Table 1). HPV16
had the highest risk of progression and, unlike most other types, it
was linked to continually increased cumulative risk during follow-
up, reaching a risk of 21.5% by year seven in women with a baseline
prevalent infection. HPV33 also showed high cumulative risk, with
18.4% progression by year seven, but it was much less common than
HPV16 (1.9% vs. 25.8% of infections) (Supplementary Table 1). All
other HPV types had much lower cumulative risks than HPV16 or
HPV33, with seven-year risks of about 10% or lower. The non- 16 or
18 HPV types divided naturally in two distinct risk subgroups. HPV
types 33, 58, 31, 35, 45, 52 had risks above 5% by the end of follow-
up. HPV types 39, 51, 56, 59, and 68 had seven-year risks of CIN3+
under 5%.

Prevalent infections had higher risk of progression and clearer risk
stratification by HPV type (Table 1) than incident infections. Type-spe-
cific cumulative risk of CIN3+ curves for single infections (Supplemen-
tary figure 1A and 1B) showed the most clearly distinguishable type-
specific risk estimates, while curves for multiple infections (Supple-
mentary figure 1C and 1D) seemingly averaged rather than summed



Fig. 3. a. Marginal type-specific cumulative risk of progression to CIN3+ of single HPV infections over 9 years of follow-up. Fig. 3b. Single type-specific HPV infections at risk of pro-
gression to CIN3+ over 9 years of follow-up.
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risk of CIN3+ from different co-infecting HPV types, resulting in a dif-
ferent and less informative type-specific hierarchy.

High-grade cytologic results were highly predictive of prevalent CIN3
+ at baseline visits and during follow-up after colposcopy showing
<CIN2. In contrast, among women in follow-up following colposcopy
showing <CIN2, low-grade cytologic results were less predictive of CIN3
+ than knowledge of type-specific persistence (Supplementary Table 2).
Once HPV type and length of infection were considered, stratification by
age did not show consistent patterns (Supplementary Table 3).

Competing risk analysis

Infections without prevalent CIN2+ could persist, progress, or
clear (Fig. 2) during yearly follow-up. By seven years of follow-up,
viewed as competing risks (the manner in which clinicians observe
infections as they follow individual women), 92.0% of infections
cleared and 2.7% progressed. Persistence was uncommon (5.3%). For
HPV 16, there was a marked shift towards progression. Although risk
estimates for progression were low using the competing risk
approach, the type patterns were the same as the marginal analysis
presented first (Fig. 4). HPV16 and HPV33 had the highest rates of
progression. HPV18 and HPV45 had lower risk but also continued to
yield new cases of CIN3+ throughout follow-up. Risks for HPV types
31, 33, 35, 52, 58 continued to increase slightly during follow-up past
year three, but HPV types 39, 51, 56, 59, and 68, which together com-
prised approximately 30% of the infections, were linked to virtually
no progression past the initial three years. Although HPV types 16,
33, 18, and 45 continued to yield new cases of CIN3+ over the seven



Table 1
Marginal type-specific risk of progression to CIN3+ of incident and prevalent single-type HPV infections, over 7 years of follow-up.

Length of infection HPV type1 Single-type HPV infections2

Frequency CIN3+ cases3 Cumulative risk of CIN3+ (%)

Total Detected at baseline Yr 0 Yr 1 Yr 3 Yr 5 Yr 7

Prevalent 16 1907 664 430 18.2 20.4 23.3 24.1 24.7
33 130 42 28 16.1 18.7 20.0 20.5 20.9
18 520 102 60 8.1 9.0 10.2 10.9 11.0
58 324 60 46 8.4 9.1 10.0 10.6 10.8
31 949 149 89 6.7 7.4 8.9 9.3 9.4
35 261 39 19 5.5 7.0 7.9 8.8 9.1
52 1073 130 73 4.6 5.2 6.5 6.7 6.9
45 371 50 35 5.3 5.7 6.3 6.7 6.8
39 268 20 13 2.7 3.2 3.8 3.9 3.9
56 253 14 11 2.2 2.2 2.4 2.6 2.7
51 603 30 15 1.6 1.9 2.5 2.6 2.6
68 174 7 3 0.8 1.3 1.9 2.1 2.1
59 189 8 4 1.3 1.6 1.9 2.0 2.0
Prevalent Total 7022 1315 826 (62.8%)

Incident 16 472 87 42 6.2 7.8 9.6 10.8 10.9
33 44 8 5 7.6 9.2 11.0 11.1 11.1
18 176 27 16 5.6 6.2 7.1 7.8 7.9
58 91 6 6 3.3 3.3 3.3 3.3 3.3
31 299 21 10 2.4 2.6 3.0 3.4 3.5
35 71 5 4 3.8 3.8 3.8 3.8 3.8
52 321 15 8 1.6 1.7 2.2 2.4 2.4
45 143 11 5 2.2 2.4 3.1 3.8 4.0
39 85 5 3 2.1 2.5 2.8 2.8 2.8
56 103 3 0 0.0 0.7 0.9 0.9 1.2
51 287 10 3 0.7 0.9 1.4 1.6 1.7
68 55 4 3 3.4 3.4 3.4 3.4 3.4
59 66 2 0 0.0 0.1 0.8 1.6 1.8
Incident Total 2213 204 105 (51.5%)

All infections Total 9235 1519 931 (61.2%)
1 Ordered based on descending risk of CIN3+ for prevalent (most common) single type infections.
2 Risk estimates restricted to single-type HPV infections.
3 Average time to end of follow-up was 4.1 years for prevalent infections and 4.9 years for incident ones.
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years of follow-up, the annual rates of progression decreased dramat-
ically over the first three years for all HPV types (Supplementary
Table 4). By year five, the yearly rates of progression were under 0.1%
for most HPV types (except HPV 18) and remained low in the follow-
ing years.

In the competing risks approach, the first negative result was
counted as clearance. The great majority of HPV infections (79.3%)
detected at screening visits cleared within three years (Fig. 5). The
different HPV types followed similar patterns and time of clearance,
such that the curves and yearly clearance rates were qualitatively the
same. (Supplementary Table 4).
4. Discussion

Our results consolidate previous, less comprehensive analyses,
and form the basis for use of HPV typing in cervical cancer screening
within immunocompetent populations. The analyses confirm that
risk of progression differs substantially by HPV type and can be
meaningfully categorized into four groups as: (1) HPV16; (2) HPV18
and HPV45; (3) HPV31, HPV33, HPV52, HPV58, and HPV35 (especially
for women of African descent) [26]; and (4) HPV39, HPV51, HPV56,
HPV59, HPV68. HPV18 and, to a lesser extent, HPV45 deserve addi-
tional consideration because they have a relatively higher risk of can-
cer, including especially adenocarcinoma, that cannot be seen in
intermediate length studies of precancer. We conclude that HPV typ-
ing, at the minimum yielding information for HPV16 (probably
HPV18, and possibly HPV45), is a useful and worthy aspect of a state-
of-the-art HPV test used for primary cervical cancer screening and
management.
The time to clearance was similar across types other than HPV16
and HPV33, which tended to clear less often than other HPV types at
any given time mainly because of substantially greater competing
risk of progression to precancer. A persistent infection that neither
cleared nor progressed was ultimately uncommon as recently
reported by Dillner [27]. The fate of most HPV infections found at
screening was evident within three years, when the great majority of
infections had cleared [8]. The majority of cases of CIN3+ were diag-
nosed at the first HPV screening visit, and progression beyond three
years following baseline screening was rare.

Typing based on HPV molecular assays permitted us to observe
accurately that over approximately seven years of follow-up, >90% of
HPV infections clear, ~3% progress, and ~5% persist. This is contrary to
older publications reporting that, if a CIN1 lesion (a poorly reproduc-
ible sign of HPV infection) was observed, roughly one-third would
progress, one third would persist, and one third would clear
[10,22,23]. That older view, and the concept of CIN1�2�3 in general,
is made obsolete by improved understanding of HPV natural history
and cervical carcinogenesis [28].

Our choice of CIN3/AIS as the proxy for “precancer” was pragmatic,
given known likelihood to progress. Restricting to CIN3/AIS under-
counts typical clinical endpoints given that those found at CIN2 would
have been censored before being counted. However, including CIN2 as
a precancerous outcome leads to distorted, exaggerated estimates of
the importance of several types at lower risk of cancer. Sensitivity
analyses using CIN2 as an alternative case definition showedmajor dif-
ferences in HPV type hierarchy, upgrading HPV35 and substantially
downgrading HPV16, HPV18, and HPV45 (Supplementary Table 1B).
Our data are consistent with previous literature, confirming that it is
an inferior surrogate endpoint for cervical cancer risk [36].



Fig. 4. Type-specific competing cumulative incidence rates of progression to CIN3+, for
single type-specific HPV infections that did not clear, over 7 years of follow-up, among
women without CIN3+ detected at baseline.

Fig. 5. Type-specific competing cumulative incidence rates of clearance of single type-
specific HPV infections that did not progress, over 7 years of follow-up, among women
without CIN3+ detected at baseline.
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We recognize as a limitation that even many cases of CIN3/AIS
would not progress to cancer if left untreated (based on relative num-
bers of precancer to cancer diagnosed in cross-sectional studies).
Therefore, true cancer risk posed by various HPV types can be mis-
specified even when estimated by the prospective risk of CIN3/AIS.
For example, our analyses found higher cumulative risk of progres-
sion among HPV33 than for HPV18, and for HPV types 31, 35, 52, or
58 than for HPV45, while we know from worldwide case series of
>40,000 invasive cancer cases that HPV18 and HPV45 account for
more cancers than any of the other types except for HPV16 [8,29].
Both viral methylation and integration into the host genome are par-
ticularly common features of HPV18 and HPV45 cervical carcinogene-
sis, suggesting that there are differences in the evolutionary clades a7
(HPV18 related) and a9 (HPV16 related) types [15,30,31]. Even seven
years of follow-up do not permit observation of the cancer risk,
which was only barely visible in our data and is clear only in the lon-
gest cohorts spanning ten or more years [11,32,33].

A major goal of the analysis was to determine how long to follow
repeated HPV testing waiting for infections to clear, if CIN2+ is not ini-
tially found. Our main methodological limitation was that we could
not estimate absolute time to clearance because of left censoring
(unknown history prior to baseline) and because we did not have suffi-
ciently dense timing of visits and were likely to miss the true time of
transition between the last positive and first negative results. There-
fore, we roughly measured time to clearance using the maximum like-
lihood approach for interval censored events. Using competing risk
models to replicate the clinician’s experience, we could conclude with
confidence that the patterns of clearance of different HPV genotypes
(rapid clearance that gradually slows, as shown in Fig. 5) are virtually
indistinguishable and do not merit clinical distinction. We also
observed that the inflection point is two to three years of type-specific
persistence following first detection in a screening setting (where true
time of acquisition is “left censored” and unknown).

The data showed plainly that incidently detected HPV infections
pose much lower risk than prevalent infections that might be already
persistent (i.e., those that are found prevalently in women 30 and
above on first use of HPV screening without knowledge of past his-
tory). Thus, HPV risk group and prevalent-incident status combined,
if available, permit excellent risk prediction. Of note, our data illus-
trate patterns among immunocompetent women and are not meant
as descriptive curves for all regions in the world.

High-grade cytologic abnormalities correlated highly with preva-
lent CIN3+. In contrast, subtle distinctions of concurrent cytology
(negative, equivocal, low-grade abnormalities) were much less
important modulators of risk of CIN3+ than HPV type and length of
infection. In screening programs new to HPV testing, cytology can be
useful to manage HPV-positive women because of the higher preva-
lence of pre-existing high-grade lesions. As screening with HPV
becomes more established, genotype and the duration of infection,
rather than cytologic result (or other factors like a woman’s age)
could more accurately estimate risk. This finding presages a funda-
mental shift in the underpinnings of cervical cancer screening, from a
morphologic result (cytologic appearance) to a virologic one. The
great majority of women being followed for abnormal cervical cancer
screening results, either pre- or post-colposcopic examination, have
HPV infections or the cytologic and histologic correlates of infection,
without evidence of precancer. Our data support that, after excluding
prevalent precancer, molecular virologic measurements (HPV
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presence/absence, HPV type group, HPV prevalence/incidence) are
more useful than familiar but subjective clinical tests (minor cyto-
logic distinctions, colposcopic impression, minor histologic diagno-
ses) for estimating risk of progression to CIN3+.

The role of distinguishing the individual HPV types as part of cer-
vical cancer screening is unresolved and debated internationally. The
pioneering Dutch screening program does not use HPV typing at all
[34]. The British have recently published data from the HPV Pilot
Steering Group showing no additional benefit of typing [35] in a pro-
gram with good compliance with early recall, while the ARTISTIC trial
supports partial typing for primary HPV testing and triage [3,4].

The Australian and US guidelines currently include typing for the
two most carcinogenic types, HPV16 and HPV18, as part of determin-
ing risk of precancer/cancer. Our data, generalizable to the US context
in which loss-to-follow-up is a perennial problem, support consider-
ation of HPV type and duration in the evaluation and follow-up of
cervical cancer screening abnormalities. Specifically, it is worth con-
sidering extended genotyping (into four risk groups) on the basis of
distinct natural histories and risk profiles. However, the eventual
decision of how much type distinction is useful should consider cost-
effectiveness and be decided by guidelines committees.
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