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Abstract

Objective—New screening guidelines recommend that HPV -negative/ASC-US results be
considered as equivalent to HPV-negative/Pap-negative results, leading to rescreening in 5 years.
However, despite ample research data, the routine c/inical performance of HPV testing of women
with ASC-US has not been adequately documented.

Methods—We estimated 5-year risks of CIN3+ and cancer for 2 groups between 2003-2010 at
Kaiser Permanente Northern California: 27,050 women aged 30-64 who underwent HPV and Pap
cotesting and had an ASC-US Pap result, and 12,209 women aged 25-29 who underwent HPV
triage of ASC-US.

Results—Five-year risks of CIN3+ and of cancer for women aged 30-64 testing HPV -negative/
ASC-US and for 923,152 women testing Pap-negative alone were similar although statistically
distinguishable (CIN3+: 0.43% vs. 0.26% (p=0.001); Cancer: 0.050% vs. 0.025% (p=0.1,
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respectively)). The cancer risk increase for HPV-negative/ A SC-US versus Pap-negative alone was
confined to women aged 60-64 (0.26% vs. 0.035%, p=0.3). Five-year risks of CIN3+ and of
cancer for women with HPV-negative/A SC-US were substantially higher than those for women
testing HPV -negative/Pap-negative (CIN3+: 0.43% vs. 0.08% (p<0.0001); Cancer: 0.050% vs.
0.011% (p=0.003, respectively)). For women aged 30-64 testing HPV -positive/ASC-US, 5-year
risks of CIN3+ and cancer were slightly higher than for the 9,374 women with LSIL (CIN3+: 6.8
% vs. 5.2% (p=0.0007); Cancer: 0.41% vs. 0.16% (p=0.04)). Similar patterns were seen for
women aged 25-29.

Conclusions—Women with HPV-negative/ASC-US had similar risk as women testing Pap-
negative alone, but had higher risk than women testing HPV -negative/Pap-negative. Based on the
principle of “egual management of equal risks’, our findings support equal management of
women with HPV -negative/ASC-US and those with Pap-negative alone, except for exiting women
from screening because cancer risks at ages 60-64 may be higher for HPV-negative/ASC-US. Our
findings also support managing HPV-positive/ASC-US and LSIL similarly.

Précis—Women testing HPV -negative/ASC-US have similar risk of CIN3+ or cancer as women
testing Pap-negative alone, but have higher risk than women testing HPV -negative/Pap-negative.

Keywords

Human Papillomavirus (HPV); cancer prevention; Pap; cervical intragpithelial neoplasia (CIN);
Hybrid Capture 2 (HC2); ASC-US

Introduction

Based on numerous research trials, HPV testing has been established to be an effective
means to triage equivocal or borderline abnormal Pap results, called Atypical Squamous
Cells of Undetermined Significance (ASC-US) in the Bethesda System(1-5). Accordingly,
in the United States, reflex (i.e., automatic) HPV testing often follows ASC-US
interpretations. In some centers, women aged 30-64 have HPV testing for ASC-US as part
of HPV/Pap cotesting. Although exact numbers are lacking, HPV testing of ASC-US likely
affects about 1 million women per year in the United States alone. If the HPV test is
positive, the woman is referred to colposcopy. If negative, according to the previous set of
guidelines sponsored by the American Society of Colposcopy and Cervical Pathology, such
women have been recommended to undergo repeat screening at 1 year, rather than at a
routine, longer interval (6).

However, the most recent consensus guidelines from 25 organizations under the aegis of the
American Cancer Society/American Society for Colposcopy and Cervical Pathology/
American Society for Clinical Pathology (ACS/ASCCP/ASCP) (7) recommend subsequent
follow-up of an HPV -negative/ASC-US result by rescreening with Pap test and HPV
cotesting at 5 years, or with Pap alone at 3 years (8). Also, an HPV-negative/ASC-US result
is considered as a negative cotest for purposes of exiting screening. This guideline change,
in which HPV-negative/ASC-US was considered a negative cotest, was based partly on data
from observational studies and clinical trials showing that the risk of CIN2 or CIN3 for
women testing HPV-negative/ASCUS was very similar to that from women with negative
Pap results alone (without HPV testing) (5, 6, 9-11).

Despite excellent evidence from research trials, data are still lacking on the performance of
HPV triage of ASC-USinroutine clinical practice, especially for cancer risks. Studies from
actual clinical practice are needed to reassure clinicians about the feasibility and safety of
following cervical cancer screening guidelines in routine practice (10). We examine
performance, estimating the 5-year absolute risks of CIN2+, CIN3+, and cancer following
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HPV -positive and HPV-negative/ASC-US results using data from a retrospective cohort of
1,100,741 women aged 25-64 undergoing cervical cancer screening at Kaiser Permanente
Northern California (KPNC), an integrated healthcare delivery system that has used HPV
testing to triage ASC-US Pap results in women under 30 since 2001, and cotesting among
women 30 and older since 2003(10). The KPNC experience serves as alarge-scale
“demonstration project” of HPV triage of ASC-USin routine clinical practice.

We also examine whether the effectiveness of HPV triage of ASC-US in detection of
CIN2+, CIN3+, and cancer varies with age. The incidence of HPV infection peaks well
before age 30, corresponding with the typical age of onset of sexual activity in the US.
Consequently, many HPV infections in women under age 30 will be recently acquired
infections, most of which will naturally clear in afew years without progressing, even to
CIN2 (12). Asaresult, HPV testing in women under age 30 may be more likely to detect
infections that will naturally clear, and thus HPV triage may be less efficient for women
under age 30.

The design of our cohort study from KPNC has been described previously(10); in this
report, we enlarged the dataset to include women age 30 and older entering cotesting
between 2006-2010, and to include data HPV triage of ASC-US in women 25-29. Asa
result of the data expansion, we were able to examine 965,360 women aged 30-64 and
135,382 women aged 25-29 screened from 2003 to 2010. We considered as the baseline
screen the first cotest or HPV triage of ASC-US recorded for the women. For women
without cotests or HPV triage of ASC-US (almost all were under age 30), her first Pap-alone
was her baseline screen. Biopsy and cancer information was collected on all women through
December 31, 2010. The Kaiser Permanente Northern California Institutional Review Board
(IRB) approved use of the data, and the National Institutes of Health Office of Human
Subjects Research deemed this study exempt from IRB review.

Pap tests were performed at KPNC regional and facility labs; HPV testing was performed at
the single regional lab. Conventional Pap dlides were manually reviewed following
processing by the BD Focal Point Slide Profiler (BD Diagnostics, Burlington, NC, USA)
primary screening and directed quality control system, in accordance with FDA-approved
protocols. Starting in 2009, KPNC transitioned to liquid-based Pap testing using BD
SurePath (BD Diagnostics, Burlington, NC, USA). Conventional or liquid-based Pap tests
are reported according to the 2001 Bethesda System (4). Hybrid Capture 2 (HC2; Qiagen,
Germantown, MD, USA) was used to test for high-risk HPV types according to
manufacturer’ sinstructions.

The Permanente Medical Group (TPMG), which is the physician component of KPNC,
develops Clinical Practice Guidelines for cervical cancer screening and management of
abnormal testsin KPNC in partnership with the KP National Guideline Program, Care
Management Institute, to support the clinical decisions of their providers. According to
KPNC guidelines, women with HPV-positive/ASC-US, or with LSIL or worse Pap results,
should undergo colposcopy. Women with HPV-negative/A SC-US should be re-tested in 1
year.

Cumulative risk of CIN2+, CIN3+, or cervical cancer aone for each co-test result was
calculated as the sum of risk at the baseline test (plotted at time zero on each figure) and the
incidence after baseling(13). Risk at the baseline screen was the risk of CIN2+, CIN3+, or
cancer for Pap results or co-test results where women were immediately referred to
colposcopy and was estimated using logistic regression, stratified by 5-year age groups
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25-29, 30-34, ..., 60-64, separately for each co-test result or Pap results. We included in the
logistic regression analyses the very small numbers of women testing HPV -negative/ASC-
US or Pap-negative at their baseline test who underwent colposcopy. We used Weibull
survival models (14) to estimate risks over time strictly after the baseline test, anong
women for whom CIN2+ was not found at the baseline test. Weibull models can make
smoother and more accurate risk estimates than non-parametric methods analogous to
Kaplan-Meier (15) and naturally handle interval-censoring of disease outcomes between
screening tests. Separate Weibull models were fit for each co-test result or Pap result, with
age group as a covariate. When risk was calculated for a cytology result without regard to
HPV testing, we refer to those risks as “ Pap-alone”.

Table 1 shows the distribution of the worst histologic findings by Pap results and co-test
result through 2010, for women aged 25-29, and women age 30-64. Among women with
ASC-US at baseline, 293 women age 25-29 were diagnosed with CIN3 or AIS
(adenocarcinomain situ) and 7 women were diagnosed with cancer; there were 479 women
age 30-64 who developed CIN3 or AlS and 36 women who developed cancer.

Figure 1 shows age-specific prevalence of HPV positivity at baseline screen by age and Pap
results. For women with ASC-US, HPV positivity was similar for women aged 25-29 and
30-34 (54% vs. 56%) and then declined sharply through age 50-54 (56% vs. 24%,
p<0.0001). Figure 1 showsthat for LSIL, HPV positivity was similar for ages 25-29 and
30-34 (85% vs. 88%) and then declined through age 55-59 (88% vs. 69%, p<0.0001). For
Pap-negative, HPV positivity declined over ages 25-29, 30-34, through ages 60-64(10% to
6.1% to 2.1%, p<0.0001).

Figure 2 shows 5-year risks of CIN2+ and CIN3+ for women aged 30-64 at baseline. For
Pap results-alone, the CIN2+ and CIN3+ risks for negative Pap results, ASC-US, and LSIL
were very different from each other, suggesting the existence of 3 separate risk groups.
However, when we examine ASC-US by HPV status (in red), risks of CIN3+ and cancer for
women aged 30-64 testing HPV -positive/ASC-US and for LSIL were similar, with slightly
higher risks for HPV-positive/ASC-US than LSIL (CIN3+: 6.8 % vs. 5.2% (p=0.0007);
Cancer (not in figure): 0.41% vs. 0.16% (p=0.04)).

Risks of CIN3+ and cancer for HPV-negative/ASC-US and for negative Pap results were
similar although statistically distinguishable (CIN3+: 0.43% vs. 0.26% (p=0.001); Cancer
(not in figure): 0.050% vs. 0.025% (p=0.1)). Not shown in Figure 2, the risks for HPV-
negative/ASC-US were substantially higher than those for women testing HPV -negative/
Pap-negative (CIN3+: 0.43% vs. 0.08% (p<0.0001); Cancer (not in figure): 0.050% vs.
0.011% (p=0.003)).

Figure 3 shows the 5-year risks of CIN2+, CIN3+, and cancer by age from 25 to 64. At
every age, negative Pap-alone results, ASC-US, and LSIL appeared to be 3 separate risk
groups, but upon splitting ASC-US by HPV status, HPV-negative/ASC-US had similar risks
as negative Pap-alone results, and HPV-positive/ASC-US had similar risksas LSIL. The
difference between the CIN2+ risks of HPV-positive/ASC-US and HPV -negative/ASC-US
was very similar at ages 25-29 and ages 30-34 (risk difference: 18% vs. 18%).

Figure 3 also indicates that the cancer risk difference between HPV-negative/ASC-US and
negative Pap-alone results was very similar until age 60, after which it increased for HPV -
negative/ASC-US versus negative Pap results (ages 60-64:0.26% vs. 0.035%, p=0.3).
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Discussion

Our analysis of performance datain the large KPNC study population confirms the results of
the clinical trials that led to widespread clinical acceptance of the ASC-US triage strategy
(2). We show that HPV -positive/ASC-US is equivalent to LSIL in predicting 5-year risk of
CIN2+, CIN3+, or cancer. We also show that HPV-negative/ASC-US has CIN2+ and
CIN3+ risks nearly equivalent to those of a negative Pap result alone (i.e., a cytology result
that is " negative for intragpithelial lesion or malignancy (NILM)”, without additional risk
stratification by HPV cotesting). However, HPV-negative/A SC-US had substantially higher
CIN2+/CIN3+/Cancer risks than an HPV -negative/Pap-negative result, indicating that an
ASC-US Pap may convey some risk information in the absence of detectable HPV.

According to the recent guidelines, the recommendation for next screening following
negative Pap-alone resultsis 3 years, not the 5 years that is recommended following the
ultra-low risk HPV -negative/Pap negative. Therefore, the recent ACSYASCCP/ASCP
consensus recommendation to extend rescreening interval to 5 years following HPV -
negative/ASC-US is not supported by our data. Following the principle of “equal
management of equal risks’, the latter warrants 3-year follow-up.

The very dlightly elevated risk of cancer for HPV -negative/ASC-US compared to negative
Pap alone for women aged 30-64 is concerning. However, this potential difference in cancer
risk was limited to women aged 60-64. Although these cancer risk increases are not formally
statistically significant, we note this tentative finding because of the historic concern about
cancer risks for women with HPV -negative/ASC-US. Because women aged 60-64 with
consecutive negative screens are candidates for exiting lifetime screening, our findings of
potentially elevated cancer risks in women with HPV -negative/A SC-US at age 60-64
suggests that ASC-US Pap results should be further investigated before exiting.

Therefore, our findings generally support managing women with HPV-negative/ASC-US
with a 3-year retesting interval, just like women with a negative Pap-alone. For women aged
60-64, however, our data suggest that HPV -negative/ASC-US findings should be
investigated, and not used in place of negative Pap results to qualify awoman to exit
screening.

We also noted a strong decline in HPV positivity of ASC-US by increasing age of women
being tested, as observed in other settings. Because age is strongly associated with HPV
prevalence in women with ASC-US Pap results, we examined whether the effectiveness of
HPV triage was affected by age. The main finding was that HPV testing was predictive at all
ages, the risks of CIN3+ found by HPV triage of ASC-US were quite similar for ages 25-29
and 30-34.

A major strength of this investigation was the very large number (~40,000) of ASC-US
results and use of asingle HPV testing method (HC2). Nonetheless, there were limitations:
Because biopsy information was only collected through 2010, we had too few data points to
separately estimate risks based on liquid-based Pap results. Note that a meta-analysis (16)
and 2 large randomized clinical trials (17, 18) have failed to show any clinical performance
advantage of liquid-based Pap tests over conventional Pap smears for detection of CIN3+.
The data were derived from a study population in Northern California. Of note, KPNC cares
for more than 3.2 million persons (approximately 30% of the population in 14 Northern
Cadlifornia counties) who are broadly representative of the local and statewide population
(with the exception of a dight underrepresentation of the extremes of income) (19). Thisisa
retrospective cohort study with incomplete follow-up due to reliance on passive surveillance
of women per usual clinical protocols. Although three-quarters of HPV-negative/ASC-US
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women returned within 1.5 years, follow-up was incomplete, as would be expected in a
clinical practice, partly as aresult of changesin KPNC membership.

In conclusion, in clinical practice, HPV-positive/ASC-US was as risky as LSIL Pap results,
and HPV -negative/ASC-US conferred a very low CIN2+/CIN3+ risk result for all women,
and alow cancer risk for women under age 60. Using the principle of “equal management of
equal risks’, women with HPV-positive/ASC-US women should (like those with LSIL) be
referred to colposcopy. Using the same principle, women with HPV -negative/ASC-US
should (like those with a negative Pap) be re-tested at 3 years. There may be an increased
risk of cancer among women age 60-64 with HPV-negative/ASC-US; before these women
exit screening, their HPV-negative/ASC-US findings require careful consideration.
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5-year cumulative risk of CIN2+ (Left Panel), CIN3+ (Middle Panel), and cancer (Right
Panel) given age group by baseline Pap and HPV test results. The Pap-negative, ASC-US
and LSIL curves arefor all respective results aone regardless of HPV test results. Note that
the y-axes have different scales for different panels.
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