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HPV testing is more sensitive than cytology for cervical screening. However, to incorporate HPV tests into screening, risk-

stratification (“triage”) of HPV-positive women is needed to avoid excessive colposcopy and overtreatment. We prospectively evalu-

ated combinations of partial HPV typing (Onclarity, BD) and cytology triage, and explored whether management could be simplified,

based on grouping combinations yielding similar 3-year or 18-month CIN31 risks. We typed ~9,000 archived specimens, taken at

enrollment (2007–2011) into the NCI-Kaiser Permanente Northern California (KPNC) HPV Persistence and Progression (PaP) cohort.

Stratified sampling, with reweighting in the statistical analysis, permitted risk estimation of HPV/cytology combinations for the

700,0001-woman KPNC screening population. Based on 3-year CIN31 risks, Onclarity results could be combined into five groups

(HPV16, else HPV18/45, else HPV31/33/58/52, else HPV51/35/39/68/56/66/68, else HPV negative); cytology results fell into three

risk groups (“high-grade,” ASC-US/LSIL, NILM). For the resultant 15 HPV group-cytology combinations, 3-year CIN31 risks ranged

1,000-fold from 60.6% to 0.06%. To guide management, we compared the risks to established “benchmark” risk/management

thresholds in this same population (e.g., LSIL predicted 3-year CIN31 risk of 5.8% in the screening population, providing the bench-

mark for colposcopic referral). By benchmarking to 3-year risk thresholds (supplemented by 18-month estimates), the widely vary-

ing risk strata could be condensed into four action bands (very high risk of CIN31 mandating consideration of cone biopsy if

colposcopy did not find precancer; moderate risk justifying colposcopy; low risk managed by intensified follow-up to permit HPV

“clearance”; and very low risk permitting routine screening.) Overall, the results support primary HPV testing, with management of

HPV-positive women using partial HPV typing and cytology.

Human papillomavirus (HPV) infection with approximately a
dozen high-risk types is the necessary cause of virtually all
cases of cervical cancer and precancer.1 Precancer (diagnosed
histologically as CIN3/AIS) is the optimal target of cervical
screening, because it can be diagnosed and treated to prevent
cancer morbidity and mortality.2 HPV testing is more sensi-
tive for the detection of cervical precancer than cytology and
therefore permits longer screening intervals.3,4

However, specificity remains an issue; high-risk HPV
infections are quite commonly acquired by sexual activity
and, although carcinogenic potential varies by type, even the
highest-risk types of HPV usually are controlled immunologi-
cally or otherwise spontaneously “clear” within 1–2 years.2

To avoid possibly harmful overtreatment of many women
needing no intervention, those testing positive for HPV must
be further stratified (“triaged”) to identify likely prevalent or
incipient cervical precancer.5 Therefore, while it is increasing-
ly accepted that cervical screening should incorporate HPV
testing rather than cytology alone, there is still substantial
disagreement as to the details, specifically, over how best to
benefit from the sensitivity of HPV testing while minimizing
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overtreatment.4,6 In many countries, primary HPV testing
alone is being considered, possibly after a period of cotesting
with HPV and cytology together.7 In contrast, U.S. guidelines
tend to recommend continued cotesting with HPV and cytol-
ogy together, although cytology remains an acceptable
option3 and HPV testing alone is now FDA-approved for
one assay.8

When screening involves HPV testing in the form of
cotesting or HPV testing alone, an important secondary ques-
tion involves the usefulness of HPV typing, that is, whether
it is worth distinguishing between the individual HPV types
in the high-risk group to help guide management of women
screening HPV-positive.9–11 In the U.S., FDA-approved HPV
test systems vary in the degree of typing provided: HC2 (Qia-
gen, Germantown, MD) provides a pooled result and no typ-
ing: Cervista (Hologic, Marlborough, MA) and cobas (Roche
Molecular Systems, Pleasanton, CA) identify HPV16 and
HPV18 (the most important types that account for more
than half of cervical cancer cases), and Aptima (Hologic,
Marlborough, MA) separately identifies RNA of HPV16 and
pools HPV18 with a closely related type, HPV45.

A fifth HPV DNA test system that has recently completed
the enrollment phase of an FDA-registration trial is the BD
OnclarityTM HPV Assay.12 Onclarity has nine typing chan-
nels: HPV16, HPV18, HPV31, HPV45, HPV51, HPV52,
HPV33/58, HPV35/39/68 and HPV56/59/66.12,13 It remains
unclear how much of this individual and small-group partial
typing is useful for guiding clinical management of HPV-
positive women.10 A second question is how cytology can be
combined usefully with HPV typing to estimate jointly the
risk of precancer/cancer.8 A third question is, given the resul-
tant detailed risk information, how we can condense the
detail to create simple and practical management strategies.14

We addressed these questions as part of an ongoing observa-
tional cohort study of >50,000 women, called the HPV Per-
sistence and Progression (PaP) cohort, underway since the
beginning of 2007 at Kaiser Permanente Northern California
(KPNC) in collaboration with the National Cancer Institute
(NCI).15

Material and Methods
Study population

Cytology and HPV (HC2) cotesting at 3-year intervals was
introduced at KPNC in 2003.16 Since then, more than 1.5

million women have been cotested, making the KPNC expe-
rience one of the largest applications of HPV testing in cervi-
cal screening. To establish the PaP cohort (enrollment from
January 2007–January 2011), residual HPV test specimens
(Specimen Transport Medium, Qiagen) remaining after HC2
testing were retrieved, neutralized and frozen from �55,000
women receiving both cytology and HPV testing.17,18 The
enrollment cotest was defined as the first one with a stored
residual STM specimen during the collection period.

The goal of the PaP cohort is primarily to study the molecu-
lar epidemiologic predictors of precancer among high-risk
HPV-infected women.9 Approximately 45,000 of the total
enrollment were residual aliquots of HC2-positive specimens,
representing >3/4 of all specimens testing HC2-positive at
KPNC during the enrollment interval (of almost a million
women cotested during that interval). Residual specimens from
a random group of �10,000 HC2-negative women seen during
the same period were collected for comparison. Opt-out con-
sent for use of residual specimens and related health informa-
tion was obtained; 8% of women opted out of the study.
Personal identifiers were removed from specimens; study IDs
that could be linked anonymously to clinical data were
assigned. Clinical outcome data, including subsequent screen-
ing and follow-up cervical cytologic and HPV test results, as
well as cervical histologic outcomes, were obtained from elec-
tronic health records. The cohort study has been re-approved
by both KPNC and NCI IRB review committees yearly.

Stratified sampling of specimens for onclarity

partial typing

The present analysis considers cotest results for PaP cohort
enrollment specimens from women aged 30–65, the cohort
was screened according to KPNC guidelines at 3-year inter-
vals. At the time of analysis, follow-up data on histologic out-
comes were available through 2014. The study population
from which this analysis was drawn is shown in Supporting
Information Figure 1. To evaluate Onclarity partial typing,
we restricted to those obtaining routine screening, as opposed
to women being tested for known prior cervical screening
abnormalities and/or post treatment. Of the targeted popula-
tion of >740,000 women aged 30–65 with first (enrollment)
cotest results from January 2007 to January 2011, approxi-
mately 5% of the eligible women were HC2-positive at enroll-
ment. We successfully stored 82% of those testing positive

What’s new?

Cervical cancer screening includes two elements: cytology and HPV testing. But many women who test positive for HPV won’t

need further examination; most HPV infections don’t lead to cancer. How best to identify those at risk? These authors created

a system to simplify risk assessment. By conducting a cohort study to document the likelihood of patients developing CIN3

within three years, they evaluated different patterns of screening results. They were able to stratify risk profiles generated by

HPV typing and cytology into four “action bands,” or further screening recommendations, thus balancing the sensitivity of

HPV typing with simplicity of implementation.
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along with a randomly selected 0.7% of specimens testing
HC2-negative. To study the 3-year CIN31 risks for HPV
typing at BD, we conducted a second phase of stratified ran-
dom sampling, included 9,258 specimens (Supporting Infor-
mation Table 1). The focus was on HC2-positive women. We
restricted retesting of HC2-negative specimens to a random
group of 500, then supplemented the random group with all
94 available HC2-negative enrollment specimens in the PaP
cohort, linked in the follow-up to rare outcomes suggesting
elevated cancer risk, specifically, CIN21 histology or “high
grade” cytology (the latter including ASC-H, AGC, HSIL,
AIS, or cancer results).

In Supporting Information Table 1 and its accompanying
text, we detail the sampling fractions and weights used to
reconstitute the larger KPNC screening population from the
stratified random sample selected for Onclarity testing.
Because precancer outcomes proved so rare among HC2-
negative women, the supplemented 594-woman sample could
not provide stable estimates of the very low risk among
HPV-test negative populations. To obtain stable risk esti-
mates, when risk was so low, we made use of the close agree-
ment between HC2 and Onclarity regarding HPV
negativity.12 We estimated the low CIN31 risks among
HPV-negative women by using the full data from all 685,577
HC2-negative women at KPNC enrolled during 2007–2013.

BD Onclarity testing

The BD OnclarityTM HPV Assay is a multiplex real-time
PCR assay that targets HPV type-specific E6 or E7 sequen-
ces.13 An FDA trial for U.S. licensure is currently underway;
the test is already available in several other countries with
full reporting of all nine typing channels and DNA adequacy
results.19

Masked testing with Onclarity was performed at BD
(Sparks, MD). Previously, 25 lL of the STM specimen was
found to give a similar Ct response to 0.5 mL of liquid-based
cytology medium and had a similar analytic sensitivity to
Hybrid Capture 2.12 The equivalent aliquot of the neutralized
(and thus more dilute) STM specimen was used in this study.
DNA extraction, PCR amplification and detection were per-
formed on the BD Viper LT System, and the data derived
from the nine typing channels were analyzed and interpreted
at NCI.

Statistical analysis

Like all observational studies of cervical HPV infection drawn
from routine clinical practice, the KPNC cohort has two
prominent features: the time-to-worst histology outcome is
interval-censored between irregular visits; and many of the
women with CIN31 have prevalent disease at enrollment
that might or might not be diagnosable if colposcopy is per-
formed. Ignoring interval censoring could lead to invalid
inferences,20–22 and excluding the subjects with prevalent dis-
ease would yield incomplete risk estimates. We developed a
prevalence-incidence model to simultaneously account for

events occurring prior to or at enrollment and those found
as incident in the follow-up for women that returned. We
considered prevalent disease as a left-censored point-mass at
time zero because we were not considering the time in the
past when the outcome of CIN3/AIS detected at enrollment
might have arisen. Logistic and Cox modeling were employed
for prevalence and incidence risk estimates, respectively,
except as noted.

The sampling design was a two-phase stratified simple
random sample design as detailed in Supporting Information
Table 1; in the 1st phase, the five factors were used to con-
struct informative strata among the population of all screened
women, and in the 2nd phase, stored specimens representing
each stratum were randomly sampled. In total, 8,664 HC2-
positive specimens stored in the PaP collection were random-
ly selected for HPV typing. The weight to estimate risks for
the PaP cohort was the inverse of the sampling fraction and
we applied the weighted logistic-Cox model to the sampled
data. To apply a normal asymptotic distribution for the test
statistic induced by a logistic-Cox mixture model, we approx-
imated the baseline hazard function in the Cox model by
using cubic basis-splines. The cubic basis-spline is a piecewise
polynomial function of degree �3 in a variable of time. The
places where the piecewise functions meet are called knots.
To approximate a hazard function, one needs to decide the
number and locations of knots over time. The number of
knots ranged from 7 to 9 and the placements were selected
by the quantiles of uniquely ordered observation times. To
justify good approximation of the baseline curve, we com-
pared the cubic basis-spline-based curve with the non-
parametric maximum likelihood estimates. We employed the
Iterative-Convex-Minorant algorithm23,24 to obtain the abso-
lute risk estimates from semiparametric and cubic basis-
spline-based logistic-Cox models, respectively.

For the first major analysis, we conducted hierarchical
analyses to group HPV genotypes into high-to-low order of
3-year cumulative CIN31 risk (including baseline and
follow-up risk), with the assumption of no effect modification
between HPV genotypes. At each step of the hierarchical
analysis, we excluded the group with the higher risk, as pre-
viously described,9,10 to determine the optimal order (and
marginal utility) of introducing additional type channels for
risk stratification. We did not correct the type 1 error for
multiple comparisons because the hierarchical analyses were
done for exploratory reasons.

In the second part of the analysis, we deduced the logical
management of each combination of HPV risk group and
cytology, as might be recommended by U.S. consensus guide-
lines. HPV genotypes were grouped into risk groups, which
were combined in turn with grouped cytology results to form
combined HPV-cytology risk strata. High-grade cytology
included ASC-H and AGC as well as HSIL/cancer. The logi-
cal management of each risk stratum was deduced by com-
parison with established U.S. risk benchmarks. Benchmarks
are the levels of risk that, by U.S. guidelines committee
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consensus, dictate each recommended management choice,
for example, colposcopy for LSIL or intensified retesting for
ASC-US.25,26 By comparison to benchmarks, we condensed
the management of the many risk strata into a simplified
management strategy.14

In ancillary analyses, we used CIN21 as a clinically rele-
vant outcome measure, because CIN21 is typically treated
(although the diagnosis of CIN2 is not reproducible and
many cases of CIN2 are likely to regress without treat-
ment).27 We also considered the invasive cancers separately,
because of their rarity and importance.

Results
The median age of the 8,664 enrollment HPV-positive wom-
en tested by Onclarity after exclusions was 39.0 years (mean
41.0). The median follow-up time for controls after the
enrollment test (in the KPNC data file used for this analysis,
which extended through 2014) was 3.5 years (mean 3.2 years,
IQR 1.2–4.9, maximum 7.9 years).

TableT1 1 shows the 3-year risks of CIN31 by HPV status,
estimated by type channel in a hierarchical manner. The
hierarchical analysis of 3-year CIN31 risks by Onclarity typ-
ing channels confirmed the uniquely high risk of HPV16,
which was both common (approximately one-fifth of all posi-
tives) and associated with a 21.9% 3-year risk of CIN31

when found at enrollment. In the absence of HPV16, HPV18
predicted the second greatest risk (11.5%). A group of type
channels (HPV33/58, HPV31, HPV45 and HPV52) predicted
similar, intermediate risk of CIN31 (5.4–8.6%), while the
remaining channels, including seven types that proved to be
common in aggregate (HPV51, HPV35/39/68, HPV56/59/66),
yielded lower risks (1.5–2.9%).

Of note, as shown in Table 1, a total of 947 HC2-positive
women were negative when tested by Onclarity, and their 3-
year risk of CIN31 was 1.4%, not meaningfully different
than the lowest-risk Onclarity-positive group (1.5%, Z-
test5 0.47, p-values5 0.68). This group of women with

discrepant HC2/Onclarity would have been classified as nega-
tive in Onclarity primary screening.

The hierarchical analysis suggested that Onclarity-positive
typing channels could be combined into four risk groups (for
completeness, two other groups are also shown: HC2-posi-
tive/Onclarity-negative, and HC2 negative). We deviated
from the otherwise strictly hierarchical empirical groupings
based on CIN31 risk, and grouped HPV45 with HPV18. We
judged that this combination was logical based on the close
phylogenetic similarity of HPV45 and HPV18,28 the known
importance of HPV45 worldwide in invasive cancers,29 and
the shared associations with glandular lesions, especially
adenocarcinoma.29,30

Table T22 addresses the use of cytology to stratify risk fol-
lowing HPV testing that yielded the type groups. Within
each separate type group, the HC2-positive/Onclarity-positive
group, and the HPV-negative group, we estimated the risks
stratified by cytologic result grouped as NILM, ASC-US/LSIL
and high-grade (HSIL, AIS, cancer, ASC-H and AGC). The
decision to combine ASC-US and LSIL was supported by the
lack of statistically significant differences in histologic out-
comes when these two results were compared, for each of the
six HPV test-defined strata (data not shown). Inclusion of
AGC and ASC-H in the high-grade group was an imperfect
solution to categorizing these rare, possibly worrisome
results.31 Compared to HSIL1 alone, risks for all other high-
grade results combined were lower.

As shown in Table 2, grouping of cytologic results into
three risk groups created 18 HPV-cytology risk strata (only
12 of which would have been present if Onclarity primary
screening had been used, as Onclarity-negative results would
not trigger cytology). The combinations of HPV group type
and cytology predicted widely varying 3-year risks ranging
about 1,000-fold from 60.6% for HPV16 high-grade cytology
to 0.056% for HPV-negative NILM. The great majority of
women (95.0% in the overall 30–65 KPNC screening popula-
tion) tested HPV-negative (by HC2). As mentioned above,

Table 1. Hierarchical analysis by onclarity typing channel of 3-year cumulative risk of CIN3 or worse

Positive Negative

HPV No of obs. 3-year risk (%) 95% CI No of obs. 3-year risk (%) 95% CI Total

HPV16 1,564 21.9 20.1 23.7 6,769 4.2 3.9 4.5 8,333

else HPV18 494 11.5 9.2 13.8 6,275 3.7 3.4 3.9 6,769

else HPV33/58 631 8.6 6.9 10.3 5,644 3.3 3 3.5 6,275

else HPV31 766 8.1 6.6 9.5 4,878 2.5 2.3 2.8 5,644

else HPV45 324 5.4 3.8 7.0 4,554 2.1 1.9 2.3 4,878

else HPV52 823 5.6 4.4 6.7 3,731 1.8 1.5 2.0 4,554

else HPV51 536 2.9 1.9 3.9 3,195 1.7 1.4 1.9 3,731

else HPV39/68/35 1,201 2.0 1.5 2.5 1,994 1.4 1.1 1.7 3,195

else HPV59/56/66 1,047 1.5 1.0 1.9 947 1.4 1.0 1.8 1,994

HC2 negative 685,577 0.076 0.069 0.085
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risk of CIN31 was very low among all HPV-negative wom-
en, except among the extremely small percentage with high-
grade cytology (99 (0.014%) of 685,577 HC2 negative), who
had 3-year CIN31 risk of 49.6%. However, among
Onclarity-positive women, there was a substantial dispersion
of test results and predicted risks across the HPV type-
cytology categories, from 1.2% to 60.6%.

Although we emphasized 3-year risk estimates, the diffi-
cult decision as to whether to refer immediately to colposco-
py the “borderline” groups like women with HPV-positive
NILM could arguably be made best by reliance on shorter-
term risks. Therefore, we confirmed the findings based on 3-
year risk by consideration of risks of diagnosing CIN31

within 18 months, concordant with the current U.S. recom-
mendations to retest this group at 1 year (to which we added
6 months to accommodate delayed return). We were not able
to assess directly the risk if such women were referred imme-
diately, as this was not the practice at KPNC.

To consider potential management of these numerous
HPV type group-cytology risk strata, the risk for each stra-
tum was compared with the relevant cytology-related bench-
marks used for current U.S management guidelines.25,32 The
benchmark risk thresholds for this population are given in
the legend to Table 2 (HSIL1 5 52.0% justifying consider-
ation of diagnostic cone if precancer is not found;
LSIL5 5.8% mandating colposcopy; ASC-US5 2.3% concor-
dant in the U.S. with 1-year return; NILM5 0.17% for 3-year
return).

The 3-year risk of CIN31 for women testing Onclarity-
positive, combining all typing channels, was 7.1% (95% CI
6.8–7.4), which significantly exceeds the benchmark risk for
triage to colposcopy in this KPNC population, as established
by an LSIL cytologic result (5.8%). Guidelines committees in
the U.S. have reasoned that it would not be practical to refer
all HPV-positive women to immediate colposcopy. We exam-
ined whether cytology could be used to triage the HPV posi-
tive women and further clarify management.

When compared to benchmarks, the management of most
HPV group/cytology strata was evident, with some interesting
questions remaining. The risk of HPV16-positive HSIL1 was
so high (60.6% risk of CIN31 within 3 years, exceeding 80%
for CIN2) that a diagnostic cone might be indicated if initial
colposcopic findings failed to find precancer. HPV18/45-posi-
tive HSIL1 was lower-risk but similar. HPV18/45-positive
NILM predicted a risk below the threshold for immediate
colposcopy, but poorly detected glandular lesions including
cancers might dictate greater concern.

The 3-year CIN31 risks for HPV33/58/31/52 were signifi-
cantly greater than those for HPV 51/35/39/68/56/59/66, for
each cytology result. When benchmarked against risk-
management thresholds, the common combination of HPV
51/35/39/68/56/59/66-associated ASC-US/LSIL was low (2.0,
CI 1.7–2.4), in line with the risk of ASC-US cytology (with-
out HPV triage). This risk level suggests a 1-year return in
the U.S., rather than immediate colposcopy as typicallyTa
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recommended for HPV-positive ASC-US and all LSIL. Of the
1,123 women with HPV51/35/39/68/56/59/66 ASC-US/LSIL
(�15% of the total of Onclarity-positive specimens), 992
attended immediate colposcopy, with the following results: 96
CIN2, 25 CIN3 and 2 squamous cell cancers. The two can-
cers both had LSIL cytologic results; one was HPV35/
HPV51-positive and one was HPV39-positive. Important to
interpretation, both were chosen for typing specifically
because they had been diagnosed with cancer, not as part of
the random draw of HC2-positive women.

A great majority of cancers diagnosed in the KPNC
screening population were HC2-positive, thus, their corre-
sponding specimens tended to be collected and typed during
the enrollment period of the PaP cohort (i.e., the tested sub-
set was thus more likely to be HC2 positive than the full
group of cancers in the cohort). TableT3 3 shows the enroll-
ment HPV type/cytology test results for 123 HC21 cancers
in the Onclarity analysis. The sample included 70 SCC and

53 adenocarcinomas (including adenosquamous, while 15
others with unknown histology were excluded). Adenocarci-
nomas were virtually always associated with HPV16 (often
NILM) or HPV18/45 (mainly high-grade cytology, about half
of which was AGC rather than HSIL/cancer).

In an ancillary analysis, we divided the women tested by
Onclarity into younger versus older, around the approximate
median age of the cases of CIN31 in the tested population
(30–39 versus 40–65). There was a non-significant decrease
in 3-year risk of CIN3 in the older group relative to the
younger group,33 possibly related to fewer HPV16 and
HPV18/45 infections, but there were no striking differences
in risks by age when examined within each of the HPV/cytol-
ogy strata (data not shown).

Finally, we repeated the main analyses (computing 3-year
risks for the hierarchical HPV type channels in Supporting
Information Table 2 and the HPV/cytology risk stratification
in Supporting Information Table 3) using CIN21 as the out-
come instead of CIN31. Although the risks were higher
(with HPV161 high-grade cytology predicting >80% risk of
CIN21 diagnosis within 3 years), the risk relationships were
similar. For example, the 3-year risk of CIN21 among wom-
en with ASC-US/LSIL and HPV51/35/39/68/56/59/66 was
8.6% (95% CI 8.0–9.2) with a strong predominance of CIN2
rather than CIN31; the risk was lower than the benchmark
risk of CIN21 that mandates immediate colposcopic referral
(the risk associated with LSIL, 16.7%, 95% CI 15.7–17.7).

Discussion
The results of this analysis indicate that HPV testing with
Onclarity, yielding partial typing data, can be combined with
cytology triage to predict risks of cervical precancer/cancer in
refined strata varying from extremely high to extremely low
risk. As one possible strategy, these risk strata could be con-
densed into four action bands, permitting risk-based and
simplified management guidelines.

About 95% of women aged 30–65 screened in the KPNC
population would test HPV-negative (by HC2 or Onclarity),
and the clinical value of adding cytology when HPV testing
was negative was restricted to the small fraction of screened
women (0.014%) with concurrent high-grade cytology results.
If HPV-negative women can be considered at low risk, and
rescreened in several years (the low-risk action band), the
major challenge is to determine how to manage HPV-
positive women. We therefore focused on the possible use of
cytology to triage Onclarity-positive women following prima-
ry standalone HPV testing (not cotesting).

We opted to divide HPV types into four strata (HPV16,
else HPV18/45, else 33/58/31/52, else 51/35/39/68/56/59/66.
HPV18/45 are separated because of associations with
difficult-to-detect glandular lesions and with cancers (particu-
larly adenocarcinomas). On the basis of short-term prospec-
tive risk of CIN3/AIS/cancer (CIN31), one might group
them differently. The groupings analyzed here are just one
possibility that proved sensible in the KPNC setting.

Table 3. Distribution of HPV type groups and cytologic results for
HC21 invasive cancers

HPV Cytology SCC (#/%) ADC (#/%)

Total Overall 70 (100%) 53 (100%)

High-grade 45 (64%) 29 (55%)

LSIL/ASC-US 15 (21%) 5 (9%)

NILM 10 (14%) 19 (36%)

HPV16 Overall 39 (56%) 30 (57%)

High-grade 29 10

LSIL/ASC-US 7 3

NILM 3 17

else HPV18/45 Overall 12 (17%) 21 (40%)

High-grade 8 18

LSIL/ASC-US 3 2

NILM 1 1

else HPV31/33/58/52 Overall 12 (17%) 0 (0%)

High-grade 5 0

LSIL/ASC-US 3 0

NILM 4 0

else HPV51/35/39/
68/56/59/66

Overall 6 (9%) 1 (2%)

High-grade 3 1

LSIL/ASC-US 2 0

NILM 1 0

Five SCC lacked Onclarity data, and one was Onclarity-negative, HC21

NILM. Three ADC lacked typing data, one was Onclarity-negative, HC2-
NILM. ADC included adenosquamous cancers.
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HPV testing requires triage to guide colposcopic referral
and treatment. We used partial HPV typing and cytologic
results for triage. Risk estimates from novel screening
approaches like the ones generated in this analysis can be
compared to “benchmark” clinical management thresh-
olds.25,26 To briefly review the principles, in the U.S., the
management thresholds rely on long-accepted cervical screen-
ing practice based on cytologic results without reference to
HPV testing (i.e., for HSIL1 including AIS and cancer, LSIL,
ASC-US, NILM).32

Each of the four risk strata defined by the thresholds cor-
responds to a matching clinical action.25 Specifically, the very
high risk following cytology of HSIL1 indicates that beyond
the need for colposcopy, there is a high likelihood of pre-
cancer/cancer and probable need for a diagnostic LEEP if col-
poscopy does not diagnose precancer. The risk corresponding
to LSIL typically lead to colposcopic biopsy to rule out pre-
cancer. ASC-US, in the absence of HPV triage, can be man-
aged by return testing, at 1 year in the U.S. guidelines. A
negative cytologic result of NILM leads to rescreening at a
regular interval of 3 years in the U.S., longer in some other
places.

With regard to HPV typing and its role in cervical screen-
ing, it proved possible, using benchmarking and risk-action
thresholds, to combine the risk strata formed by combining
HPV type-groups with cytology triage logically into these
same action bands. They range from, a recommendation to
consider diagnostic cone if precancer is not found, colposco-
py, retest after giving HPV infections a chance to clear (Table
2), or routine screening interval (5 years is recommended in
the U.S. for negative cotests, but many clinicians opt for 3
years instead).

Thus, the approach demonstrates that increased precision
in management based on risk is not incompatible with sim-
plified management guidelines. Some clinicians favoring sim-
plicity might wish to know only the broad management
recommendations for a woman, while others may want
access to the details of the underlying risks and how they
were generated (perhaps through comments accompanying
the laboratory report). Even after a woman is referred to col-
poscopy, knowing risk estimates might guide the numbers of
biopsies taken.34

The major choice generated by partial typing with Onclar-
ity followed by cytology triage is a difficult one, and the
answer depends on societal values not scientific data. The
aggregate risk faced by the sizeable group of women with
HPV 51/35/39/68/56/59/66-associated ASC-US/LSIL is low,
that is, about the same as that for ASC-US cytology (without
HPV triage). Is the risk low enough to defer colposcopy for a
year rather than refer immediately to colposcopy? If these
women were retested at 1 year rather than attending immedi-
ate colposcopy as is currently recommended, we can roughly
project (based on the clearance rates observed among KPNC
women with the same types and NILM cytology that were
retested at around 1 year) that about 1/3 to 1=2 of women

would retest as HPV-negative NILM.35 Therefore, switching
to 1-year follow-up for the lowest-risk women with HPV-
positive ASC-US/LSIL cytology could avert colposcopy for
approximately 5% of HPV-positive women, or for roughly
0.25% of all screened women. In the U.S., this could amount
to tens of thousands fewer referrals annually. However, the
harm would be a delay in diagnosis by 11 years for �3% of
women with underlying CIN31, including delay for a few
cases of cancer per million women screened. Moreover, a
non-negligible fraction of women with CIN2 due to these
lower risk HPV types would have colposcopy deferred (96/
665 or 14.4%), which might or might not be appropriate. In
summary, the desirability of distinguishing HPV31/33/52/58
from HPV 51/35/39/68/56/59/66, versus combining the 11
types into a large group, hinges largely on the value ascribed
to avoiding colposcopy for tens of thousands of women ver-
sus earlier possible diagnosis of a very small number of can-
cers, and a larger number of precancers. A cost-benefit
analysis that takes into consideration the full range of societal
and personal benefits and harms is necessary to guide us as
we decide whether to use HPV partial typing to reduce col-
poscopy referrals.

An unanticipated ancillary benefit of dividing HPV-
positive results into four risk groups as described might be
efficient vaccine monitoring, because the seven higher-risk
HPV types (HPV16/18/31/33/45/52/58) turn out to be the
same ones targeted by the newly approved nonavalent HPV
vaccine.36 This concordance represents a kind of independent
validation of both the present analysis and the estimates used
to design the vaccine.

Another possible “off-label” use of more detailed HPV
typing is in follow-up of individual patients. There is no full
typing assay approved for clinical use by the U.S. FDA and,
to our knowledge, no submission of a typing test is planned.
Having even four HPV type bands can be useful when moni-
toring whether a given woman has a persistent or new infec-
tion, for example, post-treatment when HPV infection is
found.37 In passing, we note that the decision to combine
HPV33 and HPV58 in the design of Onclarity might obscure
the high risk of CIN31 predicted by HPV33 in some cohort
studies,9,38 whereas HPV58 is particularly important in some
series in Asia. It also might have been useful to separate
HPV35 from the lowest-risk carcinogenic types, but the
effects of these design features are less important once the
channels are grouped.

We noted that the 3-year risk of CIN31 for all Onclarity-
positive women exceeded the risk of LSIL cytology, for which
immediate colposcopy is recommended. However, to refer all
HPV-positive women on the basis of 3-year risks of CIN31

is unlikely to prove cost-effective. Many women with early
infections would not yet (or never) have detectable lesions.39

This is a case where it is important to consider the time
frame of risk estimates; ideally, one would use immediate
and not 3-year risk to determine which HPV-positive women
need immediate colposcopy. We were not able to calculate
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immediate risk, because HPV-positive women with NILM,
the majority of all infected women,40 are not retested until 1
year at KPNC.

The HC2-positive invasive adenocarcinoma cases that we
typed were linked almost exclusively to HPV16 and were often
cytologically normal at enrollment, or were related to HPV18/
45 (almost all with high-grade cytology). HPV16 and HPV18/
45 adenocarcinomas are an example of convergent viral evolu-
tion; the same histopathology can be caused by two very differ-
ent sets of HPV.41 The clinical significance, if any, of these viral
genotype-phenotype associations is not yet clear.

The screening strategy suggested by these data from the
low-risk, well-screened KPNC population should be evaluated
in other settings. We urge the use of CIN31 as the surrogate
endpoint to assess cancer risk, rather than CIN2, because
many cases of CIN2 are linked to HPV types not important
for cancer. As we compare various screening and triage
options to determine their relative effectiveness, we must

realize that due to cost, randomized clinical trials will not be
possible for most comparisons. Comparative effectiveness
research on the many decisions we need to make, as HPV
testing and other technologies enter cervical screening, will
rely mainly on large observational studies in which residual
specimens are tested multiple times using different candidate
tests. Screening and management guidelines currently tend to
devalue non-randomized observational analyses and health
decision modeling.3,32 Yet, it is apparent that we will need to
rely increasingly on these sources of evidence in the years
ahead.

In conclusion, it is possible to combine HPV partial typ-
ing in primary screening and reflex cytology to stratify risk
of CIN31 quite powerfully. The resultant detailed risk strata
can be condensed into a few action bands, satisfying the cri-
terion of “equal management of equal risk,”25 and satisfying
the somewhat conflicting calls for precision management and
simplicity of practice guidelines.
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