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A B S T R A C T

Purpose
To describe the long-term (= 10 years) benefits of clinical human papillomavirus (HPV) DNA testing
for cervical precancer and cancer risk prediction.

Methods
Cervicovaginal lavages collected from 19,512 women attending a health maintenance program

were retrospectively tested for HPV using a clinical test. HPV positives were tested for HPV16 and
HPV18 individually using a research test. A Papanicolaou (Pap) result classified as atypical
squamous cells of undetermined significance (ASC-US) or more severe was considered abnormal.
Women underwent follow-up prospectively with routine annual Pap testing up to 18 years.
Cumulative incidence rates (CIRs) of = grade 3 cervical intraepithelial neoplasia (CIN3+) or cancer
for enrollment test results were calculated.

Results
A baseline negative HPV test provided greater reassurance against CIN3+ over the 18-year

follow-up than a normal Pap (CIR, 0.90% v 1.27%). Although both baseline Pap and HPV tests
predicted who would develop CIN3+ within the first 2 years of follow-up, only HPV testing
predicted who would develop CIN3+ 10 to 18 years later (P = .004). HPV16- and HPV18-positive
women with normal Pap were at elevated risk of CIN3+ compared with other HPV-positive
women with normal Pap and were at similar risk of CIN3+ compared with women with a
low-grade squamous intraepithelial Pap.

Conclusion
HPV testing to rule out cervical disease followed by Pap testing and possibly combined with the detection

of HPV16 and HPV18 among HPV positives to identify those at immediate risk of CIN3+ would be an
efficient algorithm for cervical cancer screening, especially in women age 30 years or older.

J Clin Oncol 30:3044-3050. © 2012 by American Society of Clinical Oncology

persistent HR-HPV infection precedes and predicts
outcomes. But for how long does detection of HR-

On the basis of the necessary role of human pap-
illomavirus (HPV) infection in causing virtually
all cervical cancer, highly efficacious interventions
based on HPV, namely prophylactic HPV vaccines
for primary prevention"? and high-risk HPV (HR-
HPV) DNA testing for screening and secondary
prevention,”” have been developed and are being
incorporated into cervical cancer prevention pro-
grams. HPV testing and cytology (Papanicolaou
[Pap]) co-testing at 5-year screening intervals is now
arecommended®® or accepted method'® for screen-
ing women age 30 years or older.

Both cross-sectional and, more importantly,
prospective studies have clearly demonstrated that
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HPV predict disease? The answer to this question
will provide insight into durability of population
benefits for HR-HPV—based interventions. Specifi-
cally, the objective of this analysis was to assess the
long-term predictive values of HR-HPV and Pap
test results individually and jointly, the latter of
which permits us to examine the time-specific attri-
bution of cervical cancer risk end points for each
test result.

To this end, we conducted a final analysis of the
Portland Kaiser cohort of approximately 20,000
women to look at the long-term predictive values of
clinical HR-HPV detection and cytology, and com-
binations, regarding cervical cancer risk, specifically
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the risk of cervical intraepithelial neoplasia grade 3 (CIN3) and inva-
sive cervical cancer (CIN3+). We previously published a report on
10-year risk using this same algorithm''; we have extended our anal-
ysis to 18 years of follow-up. We recently reported on HPV genotype—
specific risks using a research polymerase chain reaction assay with
repeat testing to clarify ambiguous results.'*That study excluded all
prevalent disease. Here, we relied on a single test using US Food and
Drug Administration—approved Hybrid Capture 2 (HC2; Qiagen,
Gaithersburg, MD), a DNA assay for a pool of 13 carcinogenic HPV
genotypes, as would be done in current clinical practice, and included
prevalent disease to provide clinically relevant absolute risks for cervi-
cal disease. We then tested the HC2 positives for HPV16 and HPV18
using a prototype clinical assay to simulate testing in a clinical setting
with the next generation of HPV DNA tests, which offer HPV16 and
HPV18 detection for enhanced risk stratification.'?

Study Population

From April 1, 1989, to November 2, 1990, we approached 23,702 non-
pregnant women, age 16 years or older, receiving apparently routine cytologic
screening in a prepaid health plan at Kaiser Permanente in Portland, Ore-
gon."*'> A total of 22,595 women (95.3%) agreed to participate. A final
analytic cohort of 19,512 women (86.4%) was defined after exclusions, de-
tailed in Figure 1, with mean, median, and range of ages of 35.8, 34.0, and 16 to
94 years, respectively, at enrollment. Of those in the analytic cohort, 4,098
women (21.0%) had a least one screen 15 years or later after the cohort
was initiated.

Women approached during 1989/1990

(N =23,702)
Refused
(n=1,107)
Participating women
(n =22,595; 95.3%)
Excluded (n=2,253)
Previous hysterectomies (n = 1,406)

Previous diagnosis of HSIL/CIN2+ (n =780)
No CVL (underage) (n=67)
Eligible women
(n =20,342; 85.8%)

Additional exclusions (n =830)

| NoHPV test (n =537)
Indeterminate BL Pap (n =208)

Inadequate BL Pap (n =85)

Analytic cohort
(n=19,512; 82.3%)

Underwent screening 15 years
or later after enrollment
(n =4,098; 21.0%)

Fig 1. CONSORT diagram for women enrolled onto the Portland Kaiser cohort
in from 1989 to 1990. BL, baseline; CIN2+, cervical intraepithelial neoplasia grade
2 or more severe; CVL, cervicovaginal lavage; HPV, human papillomavirus; HSIL,
high-grade squamous intraepithelial lesion; Pap, Papanicolaou.

WWW.jco.org

Informed consent was obtained under the prevailing institutional review
board guidelines at Kaiser Permanente and the National Institutes of Health
at the time of enrollment, which permitted an opt out from minimal-
intervention studies. Women at Kaiser underwent routine annual pelvic ex-
amination and cytologic screening by conventional Pap testing, which has
clinical performance similar to the now more commonly used liquid-based
cytology.'®'” A Pap specimen for cytology screening and cervicovaginal lavage
for HPV testing were collected, as previously described'®!” (Appendix, on-
line only).

Standard practice guidelines mandated treatment of patients with
CIN2+, although some patients with CIN1 may have been treated at the
discretion of the health plan physicians. HPV test results were not known by
clinicians and were not used to direct patient management.

The women underwent follow-up prospectively by conventional Pap
testing until November 30, 2006, for a maximum of 214 months (approxi-
mately 18 years). As previously reported, younger women (age << 30 years) had
less follow-up time than older women.'?

Pathology

We converted pre-Bethesda System Pap smear interpretations into
Bethesda 2001 terminology for this analysis, as previous described in de-
tail.">'® Histologic diagnoses were converted into CIN nomenclature. Specif-
ically, severe dysplasia and carcinoma in situ were categorized as CIN3, and
moderate dysplasia was categorized as CIN2.

Histopathologic end points were defined as previously described.'>*
We used two different end points in our analysis: CIN3+ (CIN3, adenocarci-
noma in situ [AIS], or cancer) and CIN2+ (CIN2 histology or high-grade
squamous intraepithelial lesion [HSIL] cytology, CIN3, AIS, or cancer). We
also used CIN3 or CIN2 with an immediately preceding HSIL Pap as an end
point of probable precancerous lesions.

HPV DNA Testing

As previously described in detai cervicovaginal lavage specimens
were refrigerated within 1 hour of collection and transported to a laboratory
for processing. Specimens were tested using HC2.'* HR-HPV—positive speci-
mens were retested using a prototype adaptation of HC2, which included
separate, individual detection of HPV16 and HPV18,?! the two most carcino-
genic HPV genotypes.”>**> We used these genotyping data to simulate a clinical
test for 13 HR-HPV genotypes with separate HPV16 and HPV18 detection, as
previously described'! and now available for several recently approved HPV
tests.>»*> HPV testing results were then categorized hierarchically according to
a priori ordering of established cancer risk’**®: HPV16 positive, else HPV16
negative and HPV18 positive, else HPV16 and HPV18 negative and HR-HPV
positive, else HR-HPV negative.

1)14,15

Statistical Analyses

We first calculated the percent test positive for each test and combina-
tions of tests, overall and stratified by age group (<< 30 years, 5-year age groups
to 64 years, and = 65 years). Binomial 95% Cls were calculated where noted.

Throughout the analysis, we evaluated baseline test results individually
and as paired Pap and HR-HPV test results (HR-HPV positive/Pap positive
[atypical squamous cells of undetermined significance (ASC-US) or more
severe (ASC-US+], HR-HPV positive/Pap negative, HR-HPV negative/Pap
positive, and HR-HPV negative/Pap negative) to show how these tests pre-
dicted outcomes. Because Pap and HR-HPV results (ie, HR-HPV is the pri-
mary cause of an abnormal Pap) are correlated, the paired test results were
used to de-convolute which test was predicting the outcome.

We first calculated the total number of patient cases of CIN2+ and
CIN3+ based on the worst diagnosis throughout follow-up after the baseline
test results. Then, as previously described,''* we calculated the risk for
CIN2+ and CIN3+ after any baseline result for each time interval by dividing
the number of patients diagnosed in that interval by the number of women at
risk (ie, who had undergone routine cytology screening) during that interval.
Using the Kaplan-Meier method, we calculated cumulative incidence rates
(CIRs) with 95% CIs for each interval up to the end of the observation time.
The cumulative incidence of disease over an interval for women with a baseline
test result is an estimate of the absolute risk of disease (ie, positive predictive

© 2012 by American Society of Clinical Oncology 3045
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value for a positive test result and complement of negative predictive value for
negative test result), adjusted for person-time and censoring.

Of note, there were some small discrepancies in the number of patient
cases of disease between the crude and cumulative incidence analyses, as a
result of few women who had multiple diagnoses of CIN2+ during follow-up,
with a more severe diagnosis occurring later in follow-up. For example, one
woman had a CIN2 diagnosis during years 0 to 4 and a cancer diagnosis during
years 10 to 18. She would have been counted as having CIN3+ in the crude
analysis, whereas she would have been censored for a CIN2 diagnosis in the 0 to
4—year time bin in the cumulative incidence of CIN2+ analysis.

In some circumstances, with sufficient numbers of outcomes, we used
yearly time bins after a 9-month enrollment period, except for years 16 to 18,
which were collapsed into a single time bin because of the small number of
events. We note that because women were only identified with end points
when they had an abnormal Pap, the assumption of proportional hazards used
for comparing rates of disease by baseline characteristics was not strictly
correct, especially in early follow-up, when much of the disease was found.
However, other approaches, such as creating a time interval for enrollment to
account for differential follow-up and diagnosis by baseline test status, did not
appreciably change our risk estimates (data not shown).

When we examined strata that contained smaller numbers of patient
cases, such as combinations of HR-HPV and Pap results, we reverted to
approximately 5-year time bins (except for the final bin, which was from years
10 to 18) to avoid imprecise estimates of risks for outcomes when a small
number of women returned for a given yearly bin. Estimates based on 5-year
time bins did not fully account for lower denominators that would have been
obtained from more precise accounting for censoring and loss to follow-up,
the latter of which was substantial by the end of 18 years. Therefore, observed
rates may have been underestimated.

We used the McNemar test to compare the odds of being a patient
case by the baseline testing result within a time bin as crude measure of the
differences in risk within that time window. We tested for statistically
significant differences in median time from enrollment to diagnosis of
probable precancerous lesions using the Kruskal-Wallis test. A P value
below .05 was considered significant.

At baseline, 14.2% (95% CI, 13.7% to 14.7%) of the women tested
HR-HPV positive by HC2, and 5.4% (95% CI, 5.1% to 5.8%) of
women had a positive Pap; of the 12,461 women who were age 30 years
or older and for whom co-testing with HR-HPV and Pap is now a
screening option, 8.7% (95% CI, 8.2% to 9.2%) tested HR-HPV
positive, and 4.3% (95% CI, 4.0% to 4.7%) had a positive Pap. The age
group—specific percent positive (prevalence) by HR-HPV and cytol-
ogy is shown in Appendix Figure Al (online only). As expected, the
positive HR-HPV tests and positive Paps were highest in women
younger than age 30 years and were two-fold greater those occurring
in women age 30 to 34 years. At all ages, approximately half of the
women who tested HR-HPV positive had a concurrent positive Pap.

There were 396 patient cases of CIN2+ and 199 of CIN3+
diagnosed over the 18 years of the study. More patient cases of CIN2+
(215v136; P < .001) and CIN3+ (112 v 65; P < .001) occurred after
a baseline HR-HPV—positive result versus positive Pap (Table 1).
Among HR-HPV-positive women, approximately half of those with
CIN2+ and CIN3+ had concurrent negative baseline Pap.

Figure 2 shows the risk stratification for CIN2+ (Fig 2A) and
CIN3+ (Fig 2B) achieved by the baseline HR-HPV and Pap tests
separately. A positive Pap strongly predicted disease within the first 2
years, whereas an HR-HPV—positive test continued to predict those
who were at risk until the end of the study. For example, HR-HPV—
positive women were more likely to be diagnosed with CIN2+

3046 © 2012 by American Society of Clinical Oncology

Table 1. Worst Diagnosis Over 18-Year Follow-Up of Approximately
20,000 Women at Kaiser Permanente Northwest (Portland, OR) by
Baseline Test Results

CIN2+ CIN3+
Enrollment Test No. % No. %
Individual test results
HR-HPV positive 215 b4 112 56
HR-HPV negative 181 46 87 44
ASC-US+ Pap 136 34 65 33
Normal Pap 260 66 134 67
Paired test results
HR-HPV positive/ASC-US+ 110 28 50 25
HR-HPV positive/normal 105 27 62 31
HR-HPV negative/ASC-US+ 26 7 15 8
HR-HPV negative/normal 155 39 72 36
Total 396 100 199 100
Abbreviations: ASC-US+, atypical squamous cells of undetermined sig-
nificance or more severe; CIN, cervical intraepithelial neoplasia; CIN2+,
CIN grade 2 or more severe; CIN3+, CIN grade 3 or more severe; HR-HPV,
high-risk human papillomavirus; Pap, Papanicolaou.

(P < .001) and CIN3+ (P = .004) 10 to 18 years after enrollment
compared with HR-HPV—-negative women. In that same time period,
women with a positive Pap were not more likely to be diagnosed with
CIN2+ (P =.8) or CIN3+ (P = 1.0) than women with a negative Pap.

In a complimentary fashion, a one-time negative HR-HPV test at
enrollment provided greater reassurance over the 18-year follow-up
than a one-time negative Pap against CIN2+ (1.85% v 2.47%) and
CIN3+ (0.90% v 1.27%). By comparison, cumulative incidence was
1.73% for CIN2+ and 0.83% for CIN3+ after one-time HPV and Pap
tests that were both negative.

Table 2 lists the 18-year cumulative detection of CIN2+ and
CIN3+ for years 0 to 4, 5 to 9, and 10 to 18 by combined baseline
HR-HPV and Pap test results. The 18-year CIRs of CIN3+ for HR-
HPV positive/Pap positive, HR-HPV positive/Pap negative, HR-HPV
negative/Pap positive, and HR-HPV negative/Pap negative were
9.91%, 3.90%, 3.01%, and 0.72%, respectively. Similar patterns of risk
stratification were observed for CIN2+, with a range of 18-year CIR of
21.23% for HR-HPV positive/Pap positive to 1.42% for HR-HPV
negative/Pap negative.

We examined the 18-year risk of CIN3+ by enrollment screening
results stratified by age groups: < 30 years (median age, 24 years), 30 to
39 years (median age, 34 years), and = 40 years (median age, 47 years;
Table 3). There was a greater cumulative incidence of CIN3+ among
those women age younger than 30 and age 30 to 39 years who tested
HPV positive/Pap normal than among those age 40 years or older.
A similar age-related effect was noted in the HPV-negative/Pap-
normal populations.

After negative HPV and Pap tests in women age 30 years or older
(n = 12,461), the 3-year risks, relevant to past cotesting screening
guidelines, of CIN2+ and CIN3+ were 0.23% and 0.08%, respec-
tively. If the screening intervals were extended to 5 years according to
current cotesting screening guidelines,”** the risks were 0.36% and
0.16%, respectively. Of the 37 patient cases of CIN3+ diagnosed in
this subgroup, only five (14%) were diagnosed within 3 years and 13
(35%) within 5 years.

Finally, we wanted to look at the 18-year risks of CIN2+ and
CIN3+ for different combinations of Pap interpretations and HPV

JOURNAL OF CLINICAL ONCOLOGY
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Fig 2. The risk of a diagnosis of (A) cervical intraepithelial neoplasia (CIN) grade 2 or more severe (CIN2+) and (B) CIN grade 3 or more severe (CIN3+) after a baseline
test for human papillomavirus (HPV) and by the clinical center Papanicolaou (Pap) test. High-risk HPV (HR-HPV) testing was categorized as positive or negative; Pap
smears were categorized as atypical squamous cells of undetermined significance or more severe (ASC-US+) or as normal. Open symbols indicate statistically
significant patient cases of CIN2+ or CIN3+ in the test positive (HR-HPV positive or ASC-US+) versus the corresponding test negative (HR-HPV negative or normal)
in that year time interval. Years 16 to 18 of follow-up were collapsed into a single time bin labeled as year 16. The 18-year cumulative incidence ratios (CIRs) of CIN2+
for women with a baseline ASC-US+ Pap, normal Pap, HPV-positive test, and HPV-negative test were 13.92% (95% Cl, 11.79% to 16.39%), 2.47% (95% Cl, 2.17%
10 2.82%), 11.46 (95% Cl, 9.88% to 13.29%), and 1.85% (95% ClI, 1.58% to 2.16%), respectively. The 18-year CIRs of CIN3+ for women with a baseline ASC-US+
Pap, normal Pap, HPV-positive test, and HPV-negative test were 6.41% (95% Cl, 5.00% to 8.21%), 1.27% (95% Cl, 1.05% to 1.53%), 5.98% (95% ClI, 4.80% to
7.43%), and 0.90% (95% ClI, 0.71% to 1.14%), respectively. HC2, Hybrid Capture 2.

CIN3, and AIS) and cervical cancer’”*""*° than cervical cytology,

risk groups (Table 4). In general, cervical cancer risk increased with
more severe Pap interpretations and higher-risk HPV genotypes. No-
tably, women who tested HPV16 positive had a similar or higher
18-year CIR than women with any Pap interpretation other
than HSIL.

It is well established that clinical HPV DNA testing is more sensitive
for the detection of current and future cervical precancer (CIN2,

which can then reduce the incidence of cervical cancer™®” and cervical
cancer-related mortality*® within a decade. Using a current US Food
and Drug Administration—approved HPV test, including prevalent
and incidence disease, and without retesting of specimens to clarify
any equivocal results, as was done previously,'” we simulated in a
clinically relevant manner the long-term risk stratification achievable
by HPV testing at single time point. Remarkably, we showed that
clinical HPV DNA detection at one time point predicts cervical cancer

risk for more than 15 years, identifying not only women who have

Table 2. Cumulative Detection of CIN2+ or CIN3+ After Baseline Test for HR-HPV and Clinical Center Pap Test
CIN2+ CIN3+
HPV Result by Follow-Up Total No. No. of End No. of End
Period (years) Pap Result of Patients Points CIR 95% CI Points CIR 95% CI
Oto4
HR-HPV positive ASC-US+ 540 107 19.81 16.68 t0 23.45 48 8.89 6.67 t0 11.63
Normal 2,224 63 2.83 2.22t0 3.61 37 1.66 1.211t02.29
HR-HPV negative ASC-US+ 522 24 4.60 3.10t06.79 14 2.68 1.591t04.49
Normal 16,226 64 0.39 0.31100.50 19 0.12 0.071t00.18
5t09
HR-HPV positive ASC-US+ 171 1 20.02 17.01 t0 23.91 1 9.33 7.09t0 12.24
Normal 997 20 4.55 3.64 t0 5.67 13 2.79 2.09t03.72
HR-HPV negative ASC-US+ 274 1 4.92 3.341t07.24 1 3.01 1.81t0 5.00
Normal 9,292 51 0.90 0.74101.08 26 0.37 0.28't0 0.50
=10
HR-HPV positive ASC-US+ 156 2 21.23 17.811025.19 1 9.91 7.48t0 13.09
Normal 788 20 6.97 5.67 to 8.56 9 3.90 2.96t05.13
HR-HPV negative ASC-US+ 216 1 5.36 3.631t07.89 0 3.01 1.81t0 5.00
Normal 7,567 40 1.42 1.20t0 1.67 26 0.72 0.56 t0 0.91
NOTE. There are some small discrepancies in number of patient cases of disease between crude (Table 1) and cumulative incidence analyses (Table 2) resulting
from few women who had multiple diagnoses of CIN2+ during follow-up, with more severe diagnosis occurring later in follow-up. For example, one woman had
CIN2 diagnosis during years 0 to 4 and cancer diagnosis during years 10 to 18. She would have been counted as having cancer in crude analysis, whereas she would
have been censored for CIN2 diagnosis in 0 to 4-year time bin in cumulative incidence of CIN2+ analysis.
Abbreviations: ASC-US+, atypical squamous cells of undetermined significance or more severe; CIN, cervical intraepithelial neoplasia; CIN2+, CIN grade 2 or more
severe; CIN3+, CIN grade 3 or more severe; CIR, cumulative incidence rate; HR-HPV, high-risk human papillomavirus; Pap, Papanicolaou.
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Table 3. Cumulative Detection of CIN3 or CIN3+ After Baseline Test for HR-HPV and Clinical Center Pap Test Stratified by Enrollment Age Group
Age < 30 Years Age 30 to 39 Years Age = 40 Years
HPV Result by No. of No. of No. of
Follow-Up Period Pap No. of End No. of End No. of End
(years) Result Patients Points  CIR 95% ClI Patients Points  CIR 95% Cl Patients Points  CIR 95% CI
Oto4
HR-HPV positive ~ ASC-US+ 382 27 7.07 4.891t010.15 94 14 14.89 9.02 to 24.05 64 7 10.94 5.26t021.97
Normal 1,301 24 1.84 1.24t02.74 496 8 1.617 0.811t03.21 427 5 1.17 0.49102.80
HR-HPV negative ~ASC-US+ 140 6 4.29 1.931t09.38 170 5 294 1.22t06.98 212 3 1.42 0.451t04.36
Normal 5,228 6 0.11 0.05t00.26 5,179 7 0.14 0.06t00.28 5,819 6 0.10 0.05t00.23
5t09
HR-HPV positive ~ ASC-US+ 108 1 7.75 5.32t011.22 34 0 14.89 9.02to 24.05 29 0 10.94 5.261021.97
Normal 475 8 3.23 2.23t04.68 249 5 3.38 1.93t05.88 273 0 1.17 0.49102.80
HR-HPV negative ASC-US+ 41 0 429 1.93t09.38 86 0 294 1.22t06.98 147 1 2.07 0.77t05.52
Normal 2,214 15 0.70 0.45t01.09 3,030 5 0.28 0.16t00.51 4,048 6 0.24 0.141t00.43
=10
HR-HPV positive ~ ASC-US+ 97 1 870 5.861t012.83 33 0 14.89 9.02 to 24.05 26 0 10.94 5.26t021.97
Normal 375 7 5.04 354t07.15 202 1 3.856 2.23t06.62 211 1 1.64 0.71t03.77
HR-HPV negative ASC-US+ 34 0 429 1.93t09.38 65 0 294 1.22t06.98 117 0 2.07 0.77t05.52
Normal 1,775 13 1.43 1.01t02.03 2,648 8 059 0.37t00.92 3,144 5 040 0.25t00.66
Abbreviations: ASC-US+, atypical squamous cells of undetermined significance or more severe; CIN3, cervical intraepithelial neoplasia grade 3; CIN3+, CIN3 or
more severe; CIR, cumulative incidence rate; HR-HPV, high-risk human papillomavirus; Pap, Papanicolaou.

prevalent CIN3+ but also those whose HPV infections will persist and
develop into disease in the future. In contrast, as previously dis-
cussed,'* cytologic abnormalities are a specific diagnostic marker
for immediate, microscopic, and visible disease, but it does not
forecast clinically important disease beyond 1 or 2 years, hence the
need to repeat it at much shorter intervals.

A previous 12-year follow-up analysis of a subcohort of Pap-
normal Danish women found similar risk stratification by HPV
testing, also using HC2, but no comparison was made with Pap test-
ing. The risks for CIN3+ among HPV-positive and -negative women
(approximately 6% and 3%, respectively) in that study were some-
what greater than those observed in this study (4.3% and 0.7% at year
12, respectively; data not shown). Likewise, the risk for CIN3+ among
the HPV16-positive women in that study was twice what we observed
in this study among Pap-negative women. Whether these differences
are the result of differences in the population risk, diagnostic differ-
ences between pathologists, or both is unclear. However, the general
patterns between the two studies are similar, and more importantly,
we have shown that these patterns continue for another 5 to 6 years
longer than observed in the Danish study.

We acknowledge several limitations of our study. Most im-
portantly, during follow-up, women were referred to colposcopy
based on an abnormal Pap interpretation only. Therefore, women
with persistently positive HPV test results were not immediately
referred to colposcopy, as is now recommended when HPV testing
is used in conjunction with cervical cytology for women age 30
years or older.’* As a result, there was a delay in some women
with clinically relevant disease undergoing colposcopy compared
with current practice, probably leading to: one, less risk stratifica-
tion by HPV early in the study, and greater stratification a few years
later, when the prevalent disease was subsequently diagnosed; and
two, exaggeration of the differences in timing of diagnosis between
ASC-US+ and HPV positivity. Second, we converted Pap termi-
nology from a previous classification to the 2001 Bethesda Sys-

3048 © 2012 by American Society of Clinical Oncology

tem,'® and our ASC-US does not perfectly represent current-day
ASC-US. Third, aggressive treatment of mild histologic changes
associated with HPV infection early on in the study could have
censored some HPV infections that might have otherwise later
developed into CIN3+.

Finally, as a consequence of using a lavage rather than directly
exfoliating cells from the os of the cervix, HPV testing was slightly less
sensitive for HPV and related lesions. For example, only 38 (74.5%) of
51 baseline HSIL cytology results tested HC2 positive, rather than the
expected 90% to 95%.”*We believe that the loss of analytic sensitivity
for HPV was nondifferential. That is, the negative impact of using this
specimen collection on detection of HPV DNA was comparable for
both women who had or developed CIN3+ and those who did not.
Nevertheless, using current standards for specimen collection, we
would predict higher sensitivity for CIN3+ and therefore even greater
reassurance against CIN3+ among HPV-negative women than ob-
served in this study.

As previously reported,' separate HPV16 and HPV18 detection
adds further risk stratification beyond what can be achieved by cytol-
ogy alone among HPV positives; we also found that CIN3 after HPV16
detection developed sooner after baseline than after other HPV geno-
type detection, consistent with reports that HPV16-related CIN3>*
and cervical cancer™> develop at younger ages than other HPV
genotypes. Among HPV-positive women with normal cytology,
HPV16 and HPV18 detection can identify a group of women who
have substantial risk of CIN3+. Using a more conservative approach
to estimating the risks, we observed a lower risk after HPV18 than we
previously observed.'' Our previous estimates used 1 year as the unit
oftime, leading to alarger absolute risk than justified by the number of
events because of compounded unstable estimates. Yet the risk of
CIN3+ after one-time detection of HPV18 was substantially higher
than for the other HR-HPV genotypes in aggregate. HPV18 is strongly
associated with adenocarcinoma and AIS,*>***¢ which is on the
rise in Western countries®”*® and is preferentially missed by cytologic
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