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Abstract

Background: Cervical cancer is caused by persistent human papillomavirus (HPV) infection. US consensus management
guidelines for a positive cervical screening result typically focus on the current screening result only. A negative testing
history may alter risk of the following positive screening results, caused by a new HPV infection, and therefore its optimal
management.
Methods: Women ages 30 years and older were screened with triennial HPV and cytology co-testing at Kaiser Permanente
Northern California from 2003 to 2014. We estimated the subsequent 5-year risks of cervical intraepithelial neoplasia grade 3
or more severe diagnoses (CIN3þ) in a cohort of 1 156 387 women following abnormal (atypical squamous cells of undeter-
mined significance [ASC-US] or worse) cytology and/or positive HPV testing, when the test result followed 0 (n¼990 013),
1 (n¼543 986), 2 (n¼245 974), or 3 (n¼79 946) consecutive negative co-test(s). All statistical tests were two-sided.
Results: Following 0–3 successive negative co-tests, 5-year CIN3þ risks following a positive HPV test decreased progressively
from 7.2% (95% CI ¼7.0% to 7.4%) to 1.5% (95% CI¼0.7% to 3.4%) (Ptrend< .001). Similarly, risks following an abnormal (ASC-US
or worse) cytology result decreased from 6.6% (95% CI¼6.4% to 6.9%) to 1.1% (95% CI¼0.5% to 2.3%) (Ptrend< .001). Risks follow-
ing low-grade squamous intraepithelial lesion, the risk threshold for referral to colposcopy in the United States, decreased
from 5.2% (95% CI¼4.7% to 5.7%) to 0.9% (95% CI¼0.2% to 4.3%). Risks following high-grade squamous intraepithelial lesion
or more severe, a specific marker for the presence of precancerous lesions, decreased from 50.0% (95% CI¼47.5% to 52.5%) to
10.0% (95% CI¼2.6% to 34.4%).
Conclusions: Following one or more sequential antecedent, documented negative co-tests or HPV tests, women with HPV-
positive ASC-US or low-grade squamous intraepithelial lesion might have sufficiently low CIN3þ risk that they do not need colpos-
copy referral and might instead undergo 6–12-month surveillance for evidence of higher risk before being referred to colposcopy.

Persistent human papillomavirus (HPV) infection is the cause of
virtually all cervical cancer (1). New HPV infections are typically
benign and usually clear, whereas failure to clear indicates in-
creasing risk of progression to precancer (ie, cervical intraepithe-
lial neoplasia grade 3 [CIN3] and adenocarcinoma in situ [AIS])
(2,3) and eventual cancer. Thus, the risk posed by a positive HPV
test and related cytological abnormalities varies depending on
how long the HPV infection has persisted, with much lower risks
for newer infections (2,3). However, guidelines for the

management of cervical screening abnormalities focus on current
results, perhaps because past screening history is often un-
known. In addition, because HPV-based screening is relatively
new, there are extremely few long-term experiences in the
United States to guide recommendations regarding its use in a
longitudinal program of repeated screening rounds. Data from
Kaiser Permanente Northern California (KPNC), which in 2003 ini-
tiated HPV and cytology co-testing every 3 years, now permit an
examination of risks over multiple screening rounds.
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Given the unique, long-term KPNC experience, we previously
demonstrated that preceding negative screens augment the re-
assurance (further decrease the cancer risk) following a negative
HPV test or HPV/cytology co-test (4). Here, we present for the
first time the complementary analysis, by considering the im-
pact of multiple negative co-tests (both HPV and cytology nega-
tive) on the risks of precancer following a newly positive screen,
and the implications for clinical management that will be im-
portant to the ongoing revision of US consensus guidelines.

Methods

Population

From January 1, 2003 to December 31, 2014, a cohort of 1 156 387
women ages 30 years and older underwent HPV and cytology
co-testing at KPNC (5). For each woman, the first available co-
test in this study period was designated as her “baseline.”
Cervical histopathology outcomes were collected for women
through December 31, 2015. The KPNC institutional review
board, National Institutes of Health Office of Human Subjects
Research, and Albert Einstein College of Medicine institutional
review board approved the use of these data without patient in-
formed consent.

Screening and Clinical Management

Women ages 30 years and older were screened by triennial co-
testing as previously described (6). Two cervical specimens from
each woman undergoing co-testing were collected, the first for
Pap testing and the second for high-risk HPV testing using
Hybrid Capture 2 (Qiagen, Germantown, MD). Prior to 2009, con-
ventional Pap slides underwent manual review that incorpo-
rated the BD Focal Point Slide Profiler (BD Diagnostics,
Burlington, NC, USA). Starting in 2009, KPNC transitioned from
conventional to liquid-based Pap using BD SurePath (BD
Diagnostics, Burlington, NC). Cytological interpretations were
based on the Bethesda System (7).

Screen-positive women were managed according to internal
Kaiser guidelines, which were similar to US national guidelines
at the time, in which women ages 30 years and older with defi-
nite cytological abnormalities (HPV-positive atypical squamous
cells of undetermined significance [ASC-US], low-grade squa-
mous intraepithelial lesion [LSIL], or more severe cytological ab-
normalities) were referred to colposcopy (8–12). Women with
HPV-positive NILM (negative for intraepithelial lesion or malig-
nancy) co-test results at KPNC were followed annually with co-
testing and were referred to colposcopy if they had cytological
abnormalities (from 2003 onward) or second HPV-positive NILM
(from 2006 onward) on next co-test. A minority of younger
women under the age of 40 years diagnosed with CIN2 chose
follow-up with repeated colposcopy rather than immediate
treatment (9,11).

Statistical Analyses

A diagram of the inclusions and exclusions by round of screen-
ing is shown in Figure 1. For each round, screen-positive
women, those testing HPV positive and/or whose cytology was
equivocal or definitively positive (ASC-US or more severe [ASC-
USþ]), were included in these analyses. Percentages for all com-
binations of positive HPV and/or ASC-USþ cytology results for
the first, second, third, and fourth co-test following 0, 1, 2, and 3

consecutive negative co-test(s), respectively, were calculated
with binomial exact 95% confidence intervals (95% CI). Analyses
were restricted to women ages 30–64 years because routine
screening is discontinued in women ages 65 years and older fol-
lowing a negative screening history.

Five-year cumulative detection (“risk”) of CIN3þ (5-year
CIN3þ risk) was used as a surrogate for cancer risk. CIN3 and
AIS are the immediate, most severe precursors to squamous
cell carcinoma and adenocarcinoma, respectively, and a sizable
minority of CIN3 (13) and even higher proportion of AIS will de-
velop into cancer if untreated. The primary goal of cervical
screening is to detect and treat CIN3 and AIS to prevent cervical
cancer. Some analyses also included 5-year risk of invasive cer-
vical cancer but only for three co-testing rounds because of few
screen positives and no cancers following the fourth co-test. A
5-year follow-up rather than a shorter interval was used to ac-
count for differential follow-up (referral to colposcopy vs sur-
veillance), late returns for visits, and imperfect disease
ascertainment at any single screen. Three-year CIN3þ risks
were also estimated to confirm the findings, as they are concor-
dant with the per-protocol KPNC screening interval.

A logistic regression model for prevalent disease and a
Weibull survival model for incident disease were combined
(logistic-Weibull prevalence-incidence model) for risk estima-
tion and 95% CI as previously described (14). A fuller explana-
tion of our choice to use a logistic-Weibull model and our
statistical approach are presented in the Supplementary
Methods (available online).

Five-year CIN3þ risks were calculated for positive co-tests,
HPV positive and/or ASC-USþ, for the first, second, third, and
fourth co-test following zero, one, two, and three consecutive
negative co-tests, respectively. We also stratified risks using
broad age groups, (30–39 years, 40–49 years, and 50 years and
older) to explore whether there were age-modifying effects on
these risks or that aging of the cohort itself explained the
changes in risk by round of screening.

Diagnostic yield of CIN3þ with binomial exact 95% CI for each
round was calculated as a simple measure of screening efficiency
that takes into account the fraction of women who screen positive
and, among those who screen positive, the fraction (risk) of those
with CIN3þ diagnoses. Risk ratios of CIN2 to CIN3þ were also cal-
culated because CIN2 is an equivocal diagnosis of precancer that
is highly regressive (15). CIN2 is typically treated for safety, the
benefits of which are uncertain because its treatment may repre-
sent overtreatment and therefore may contribute to the harms of
screening. Treatment has been linked to negative reproductive
outcomes including pre-term delivery (16,17). Variance for the risk
ratios was estimated using the standard delta method to calculate
the 95% CI while conservatively assuming independence between
risk estimates for CIN2 and CIN3þ (18). However, for most part,
CIN2 and CIN3þ are caused by the same HPV genotypes, and risk
factors for CIN2 are similar to those for CIN3þ.

Statistical analyses were done using R version 3.3. P values
were two-sided. No P value was designated as a cut point for
statistical significance due to possibility of false positive results
from multiple comparisons.

Results

There were 990 013, 543 986, 245 974, and 79 946 women who
underwent screening following 0–3 sequential preceding nega-
tive co-tests, respectively. Available demographics for the
cohort for each round of co-testing are shown in Table 1.
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The logical aging of women followed longitudinally was evi-
dent. Those followed through many rounds were more likely to
be white or Asian, and less likely to have unknown race. Screen-
positive women who had follow-up tended to be older on aver-
age (mean) than those who did not for the first co-test (40.0 vs

39.2 years, respectively, P< .001) and second co-test (44.1 vs
42.9 years, respectively, P< .001) but not for the third co-test
(47.1 vs 47.1 years, respectively, P¼ .99) or the fourth co-test
(49.7 vs. 49.5 years, respectively, P¼ .40). The distribution of
race/ethnicity differed by follow-up status (Supplementary

co-tested
cytology results
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Co-test Positive Co-test Negative

Co-test Positive Co-test Negative
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1,156,387 Women Ages 30-64 Years

Figure 1. A diagram of the inclusions/exclusions by round of screening. A positive co-test was a positive HPV test and/or a positive cytology (ASC-US or more severe cy-

tology) and a negative co-test was a negative HPV test and negative cytology. The gray-shaded boxes indicate the study groups of the first, second, third, and fourth

positive co-tests following 0–3 consecutive negative co-tests, respectively. AGC ¼ atypical glandular cells; ASC-H ¼ atypical squamous cells, cannot rule out HSIL; ASC-

US ¼ atypical squamous cells of undetermined significance; CIN2 ¼ cervical intraepithelial neoplasia grade 2 or more severe diagnoses (CIN2þ); HPV ¼ human papillo-

mavirus; HSILþ ¼ high-grade squamous intraepithelial lesion (HSIL) or more severe; LSIL ¼ low-grade squamous intraepithelial lesion.
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Table 1, available online), especially for those whose race/eth-
nicity data were missing in the early rounds of co-testing.
However, among those with non-missing race/ethnicity data,
there were no meaningful differences in the distribution of
race/ethnicity by follow-up status.

Table 2 shows the decreasing likelihood of testing HPV posi-
tive, having ASC-USþ (abnormal) cytology, and specific combi-
nations of testing HPV positive and/or having abnormal
cytology results with successive rounds of co-testing following
consecutive negative co-tests. Percentages of women who met
the criteria for being referred to colposcopy (11) (HPV-positive
ASC-US, LSIL, or more severe cytological interpretations) de-
creased with successive co-tests from 2.9% (95% CI¼ 2.8% to
2.9%) on the first co-test to 1.4% (95% CI¼ 1.3% to 1.5%) on the
fourth co-test (Ptrend< .001). Likewise, percentages of women
who tested HPV positive decreased with successful co-tests
from 5.9% (95% CI¼ 5.9% to 6.0%) on the first co-test to 2.3%
(95% CI¼ 2.2% to 2.4%) on the fourth co-test (Ptrend< .001).
Percentages of women who had ASC-USþ cytology decreased
with successful co-tests from 4.5% (95% CI¼ 4.5% to 4.6%) on the
first co-test to 2.6% (95% CI¼ 2.5% to 2.7%) on the fourth co-test
(Ptrend< .001).

Table 3 reports the main findings, ie, the change in clinical
significance of positive screening results by past history of pre-
vious negative screenings. Following 0–3 successive negative
co-tests, 5-year CIN3þ risks following a positive HPV test de-
creased progressively from 7.2% (95% CI ¼ 7.0% to 7.4%) to 1.5%
(95% CI¼ 0.7% to 3.4%) (Ptrend< .001). Similarly, risks following
an abnormal (ASC-USþ) cytology result decreased from 6.6%
(95% CI¼ 6.4% to 6.9%) to 1.1% (95% CI¼ 0.5% to 2.3%)
(Ptrend< .001).

Five-year CIN3þ risks for selected HPV and cytology results
are shown in Table 4. Five-year CIN3þ risks decreased with sub-
sequent rounds of co-testing (Ptrend< .001) for each of those
results. For the two most common results leading to referral to
colposcopy, LSIL and HPV-positive ASC-US cytology, similar
decreases were observed. Five-year CIN3þ risks for LSIL cytol-
ogy decreased from 5.2% (95% CI¼ 4.7% to 5.7%) for the first co-
test to 0.9% (95% CI¼ 0.2% to 4.3%) on the fourth co-test. Five-
year CIN3þ risks for HPV-positive ASC-US cytology decreased

from 6.6% (95% CI¼ 6.1% to 7.1%) for the first co-test to 2.8%
(95% CI¼ 1.0% to 8.1%) on the fourth co-test.

Five-year and three-year CIN3þ risks with the corresponding
95% CIs for all combinations of positive co-testing results (HPV
positive and/or ASC-USþ) are shown in Supplementary Table 2
(available online). Five-year CIN3þ risks decreased for all combi-
nations. Risks following high-grade squamous intraepithelial le-
sion or more severe cytologic interpretations, a specific marker
for the presence of precancerous lesions, decreased from 50.0%
(95% CI¼ 47.5% to 52.5%) to 10.0% (95% CI¼ 2.6% to 34.4%).
Similar findings were observed for 3-year CIN3þ risks as for 5-
year CIN3þ risks.

Aging of the cohort did not explain the pattern of decreasing
CIN3þ risks following increasing number of antecedent nega-
tive screens. Mildly abnormal screening results, defined as LSIL
or HPV-positive ASC-US, were stratified by age group (30–39
years, 40–49 years, and 50 years and older) at the time of the
positive result. In each age group, the CIN3þ risks by round de-
creased (Ptrend< .001) (data not shown). Using other age catego-
rization demonstrated similar trends in decreasing risk by
round of co-testing within each age category (data not shown).

From a programmatic perspective, screening became less ef-
ficient following subsequent negative co-tests. The overall yield
of the CIN3þ over 5 years decreased with each round of screen-
ing (Ptrend< .001) (Figure 2), from 0.6% (95% CI¼ 0.6% to 0.6%) in
the first round to 0.09% (95% CI¼ 0.06% to 0.1%) in the fourth
round of screening. In concert, 5-year risk ratios for CIN2/CIN3þ
marginally increased with each round of screening (Ptrend¼ .06),
from 1.45 (95% CI¼ 1.39 to 1.51) in the first round to 3.73 (95%
CI¼ 2.23 to 6.27) in the fourth round.

Discussion

Increasing numbers of consecutive negative co-tests, whose sen-
sitivity is mainly due to incorporation of HPV testing, substan-
tially lowered risks of CIN3þ following a subsequent positive
screen. These decreases were observed for all combinations of
positive HPV and/or cytology results and for different age groups.
These findings are consistent with previous reports from much

Table 1. Demographics of the cohort at the first, second, third, and fourth co-test following 0–3 consecutive negative co-test(s), respectively

Category 1st co-test, No. (%) 2nd co-test, No. (%) 3rd co-test, No. (%) 4th co-test, No. (%)

Age at co-test, y
Mean 43.9 47.7 50.1 52.2
Median (IQR) 42.0 (37.0 to 52.0) 47.0 (40.0 to 55.0) 50.0 (43.0 to 58.0) 52.0 (46.0-59.0)

Age group at co-test, y
30–39 394 374 (39.8) 124 114 (22.8) 38 946 (15.8) 3345 (4.2)
40–49 293 357 (29.6) 172 343 (31.7) 82 732 (33.6) 26 835 (33.6)
�50 302 282 (30.5) 247 529 (45.5) 124 296 (50.5) 49 766 (62.2)

Race/ethnicity
White 371 676 (37.5) 234 099 (43.0) 114 106 (46.4) 40 153 (50.2)
Missing* 274 989 (27.8) 102 946 (18.9) 38 125 (15.5) 11 450 (14.3)
Asian/Pacific Islander 145 528 (14.7) 90 188 (16.6) 41 162 (16.7) 12 453 (15.6)
Hispanic 110 480 (11.2) 65 012 (12.0) 29 801 (12.1) 9085 (11.4)
Black/African American 58 040 (5.9) 35 037 (6.4) 15 393 (6.3) 4522 (5.7)
Other† 15 160 (1.5) 8465 (1.6) 3742 (1.5) 1160 (1.5)
Unknown‡ 10 772 (1.1) 6318 (1.2) 2814 (1.1) 896 (1.1)
Native American/Aleutian/Eskimo 3368 (0.3) 1921 (0.4) 831 (0.3) 227 (0.28)

*No data on race/ethnicity were available. IQR ¼ interquartile range.

†Other races/ethnicity in small numbers.

‡Race/ethnicity reported as unknown.
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smaller and shorter-term studies (19,20). Thus, the clinical mean-
ing of any positive HPV screening result changed depending on
immediate past history, and guidelines might emphasize what is
now often ignored, the importance of screening history in the
management of any positive screening result.

The importance of HPV persistence (and the benign nature of
newly detected infections) is not sufficiently recognized. Notably,
a recent survey of primary-care physicians and obstetrician-
gynecologists found that 30% of them would recommend

asymptomatic women ages 30 years and older undergo annual
screening with HPV testing (21). Our data show that annual
screening that includes HPV testing of all women is excessive,
given that the current interval recommendations for screening
that includes HPV testing are 3–5 years in the general population
(22,23) and these data show that the CIN3þ risk is much lower af-
ter even one negative co-test. Annual screening is in conflict with
known HPV natural history, risking overmanagement of benign
new infections, the most likely cause/indication of a positive

Table 2. Percentages for all combinations of positive human papillomavirus (HPV) and/or cytology co-testing results for the first, second, third,
and fourth co-test following 0–3 consecutive negative co-test(s), respectively*

Co-testing result 1st co-test, % (95% CI) 2nd co-test, % (95% CI) 3rd co-test, % (95% CI) 4th co-test, % (95% CI) Ptrend

(n¼ 990 013) (n¼ 543 986) (n¼ 245 974) (n¼79 946)

Co-test positive (HPV positive
and/or ASC-USþ)

8.0 (7.9 to 8.0) 5.2 (5.2 to 5.3) 4.2 (4.1 to 4.2) 3.8 (3.6 to 3.9) <.001

Immediate colposcopic referral† 2.9 (2.8 to 2.9) 1.7 (1.7 to 1.8) 1.5 (1.5 to 1.6) 1.4 (1.3 to 1.5) <.001
HPV-positive‡ 5.9 (5.9 to 6.0) 3.1 (3.1 to 3.2) 2.6 (2.5 to 2.6) 2.3 (2.2 to 2.4) <.001
ASC-USþ§ 4.5 (4.5 to 4.6) 3.4 (3.4 to 3.5) 2.8 (2.7 to 2.8) 2.6 (2.5 to 2.7) <.001
HPV-positive ASC-USþ 2.5 (2.4 to 2.5) 1.4 (1.3 to 1.4) 1.2 (1.1 to 1.2) 1.1 (1.0 to 1.2) <.001
HPV-positive NILM 3.4 (3.4 to 3.5) 1.7 (1.6 to 1.7) 1.4 (1.3 to 1.4) 1.2 (1.1 to 1.3) <.001
HPV-negative ASC-USþ 2.1 (2.0 to 2.1) 2.1 (2.1 to 2.1) 1.6 (1.5 to 1.6) 1.5 (1.4 to 1.6) <.001
HPV-positive ASC-US 1.2 (1.2 to 1.2) 0.7 (0.7 to 0.7) 0.6 (0.5 to 0.6) 0.5 (0.5 to 0.6) <.001
HPV-positive LSIL 0.9 (0.9 to 0.9) 0.5 (0.5 to 0.6) 0.5 (0.5 to 0.5) 0.5 (0.4 to 0.5) <.001
HPV-positive ASC-H 0.1 (0.1 to 0.1) 0.05 (0.04 to 0.06) 0.04 (0.04 to 0.05) 0.04 (0.03 to 0.06) <.001
HPV-positive AGC 0.05 (0.05 to 0.06) 0.02 (0.01 to 0.02) 0.02 (0.01 to 0.03) 0.01 (0.00 to 0.01) <.001
HPV-positive HSILþ 0.2 (0.2 to 0.2) 0.04 (0.04 to 0.05) 0.03 (0.02 to 0.04) 0.02 (0.01 to 0.04) <.001
HPV-negative ASC-US 1.7 (1.6 to 1.7) 1.7 (1.7 to 1.7) 1.2 (1.2 to 1.3) 1.2 (1.1 to 1.3) <.001
HPV-negative LSIL 0.2 (0.2 to 0.2) 0.1 (0.1 to 0.2) 0.1 (0.1 to 0.2) 0.1 (0.1 to 0.1) <.001
HPV-negative ASC-H 0.05 (0.05 to 0.06) 0.07 (0.06 to 0.07) 0.05 (0.04 to 0.06) 0.05 (0.04-0.07) .48
HPV-negative AGC 0.1 (0.1 to 0.2) 0.2 (0.2 to 0.2) 0.1 (0.1 to 0.2) 0.2 (0.1 to 0.2) .23
HPV-negative HSILþ 0.01 (0.01 to 0.01) 0.01 (0.00 to 0.01) 0.01 (0.00 to 0.01) 0.01 (0.00 to 0.01) <.001

*Positive cytology was atypical squamous cells of undetermined significance (ASC-US) or more severe cytological interpretations (ASC-USþ). AGC ¼ atypical glandular

cells; ASC-H ¼ atypical squamous cells, cannot rule out HSIL); HSILþ ¼ high-grade squamous intraepithelial lesion or more severe; LSIL ¼ low-grade squamous intrae-

pithelial lesion; NILM ¼ negative for intraepithelial lesion or malignancy (cytology negative); CI ¼ confidence interval.

†HPV-positive ASC-US, LSIL cytology, or more severe cytological interpretations, all of which are recommended for immediate referral to colposcopy for women ages

30 and older.

‡HPV positive regardless of the cytology result.

§Cytology positive (ASC-USþ) regardless of the HPV result.

Table 3. Five-year cumulative detection (risks) for CIN3, AIS, or cancer (CIN3þ) and for cervical cancer for human papillomavirus (HPV)-positive
or cytology-positive (atypical squamous cells of undetermined significance or more severe [ASC-USþ]) results for the first, second, third, and
fourth co-test following 0–3 consecutive negative co-test(s), respectively

Co-test result Co-test No.† Total, No.

CIN3þ Cervical cancer*

No. 5-year risk‡, % (95% CI) No. 5-year risk‡, % (95% CI)

HPV positive§ 1 58 446 3379 7.2 (7.0 to 7.4) 245 0.5 (0.4 to 0.6)
HPV positive§ 2 16 972 395 3.0 (2.7 to 3.4) 19 0.1 (0.09 to 0.2)
HPV positive§ 3 6290 98 2.3 (1.9 to 2.9) 3 0.05 (0.04 to 0.1)
HPV positive§ 4 1803 11 1.5 (0.7 to 3.4) — —
ASC-USþk 1 44 861 2480 6.6 (6.4 to 6.9) 199 0.5 (0.4 to 0.6)
ASC-USþk 2 18 765 310 2.0 (1.8 to 2.3) 17 0.1 (0.07 to 0.2)
ASC-USþk 3 6765 72 1.5 (1.2 to 1.9) 2 0.03 (0.01 to 0.1)
ASC-USþk 4 2073 11 1.1 (0.5 to 2.3) — —

*Estimates of cervical cancer risk for the fourth co-test were not included because of small numbers of women overall and no cervical cancers were diagnosed. ASC-

USþ ¼ atypical squamous cells of undetermined significance or more severe cytological interpretations.

†The co-test was preceded by the co-test number-1 of negative co-tests.

‡Risk estimates for HPV positive, ASC-USþ, and HPV-negative ASC-USþ were obtained by estimating risks within subpopulations grouped by screening protocols.

Point estimates are a weighted average of subpopulation risks, weighted by the frequency in which they occur. Confidence intervals are derived by using survey meth-

odology approaches to combine the variance estimates of the subpopulation risks.

§HPV positive regardless of the cytology result.

kCytology positive regardless of the HPV result.
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screen following a negative co-test or HPV test. It could be argued,
with some controversy, that even triennial screening including
HPV testing of all women is more frequent than natural history
data and programmatic efficiency (eg, diagnostic yields) support.

Modeling has estimated that most HPV infections that will
cause cervical cancer are acquired before the age of 30 years
(24). Therefore, cervical cancer screening of women 30 years and
older is mostly finding and treating the precancers and cancers
due to those early exposures. After the first round of HPV-based
screening rules out a high proportion of prevalent, persistent in-
fection and precancer, there are fewer HPV infections in the fol-
lowing rounds of screening and they are new, such that a
smaller fraction will develop into CIN3/AIS. In fact, relatively
more newly screen-positive women will be diagnosed and
treated for CIN2 than CIN3. Although CIN2 is, the diagnostic
threshold for treatment [except in women younger than
30 years (11)] to maximize safety, CIN2 is an equivocal diagnosis
that likely represents a mixture of HPV infection and CIN3 (25).
Given that treatment increases the risk of preterm delivery, it
might be important to minimize unnecessary treatment. (16,17).

To increase the efficiency and maximize the benefits to
harms of screening, a risk-based approach to screening and
management of screen-positive women, using the principle of
“equal management for equal risk” for clinical decision making,
has been adopted in US consensus guidelines (26,27). Adhering
to this principle, screening and management of a positive result
or diagnosis following a history of negative co-testing or HPV
testing could be adjusted to reduce unnecessary follow-up and
medical procedures for minor cervical abnormalities due to be-
nign HPV infection.

These data provide evidence for less aggressive manage-
ment of several positive screening outcomes when immediately
preceded by documentable negative screening history.
Specifically, the two most common positive screening results,
HPV-positive ASC-US and LSIL results, when immediately pre-
ceded by a negative screening history, might be followed by 6–
12-month surveillance rather than being referred to colposcopy.
The argument for this less aggressive management is based on
the risks for these positive screening results falling well below
the benchmark risk for colposcopic referral, ie, the risk associ-
ated with LSIL unqualified by screening history (10,11,26).
Indeed, CIN3þ risks for women with HPV-positive ASC-US or
LSIL are similar to those typically reported for ASC-US, HPV-
negative LSIL, and HPV-positive NILM, all of which are followed
for an interval of 6–12 months with retesting rather than re-
ferred to colposcopy immediately (11). Women in this risk group
are followed until the underlying HPV infection has either re-
solved and they can be returned safely to routine screening, or
persists and represents sufficiently elevated CIN3þ risk to war-
rant immediate colposcopy.

In the future, similar changes to management of abnormal
screening results may be necessary in cohorts vaccinated
against HPV16 and HPV18, the two most carcinogenic HPV geno-
types (28). That is, CIN3þ risks associated with abnormal
screening results in HPV-vaccinated cohorts may be sufficiently
lower that they can be managed less aggressively: HPV-positive
ASC-US and LSIL may not warrant immediate colposcopy (29).
We have observed lower risks following an abnormal cytology
in young women undergoing their first screening if they have
been vaccinated against HPV16 and HPV18 before the age of
18 years (unpublished observations). Notably, women who have
normal cytology and are positive for high-risk HPV but negative
for HPV16 and HPV18 are managed differently than those posi-
tive for HPV16 and HPV18 (11). As a general rule, following nega-
tive screens, a longer interval to the next screen might be worth
considering. Concurrent international guidelines recommend at
least 5-year intervals with HPV testing (http://apps.who.int/iris/
bitstream/10665/94830/1/9789241548694_eng.pdf) (30), recogniz-
ing that shorter intervals tend to find more transient, benign
infections and related abnormalities that would be better not
detected. We observed that the yield of CIN3þ with each round
of screening decreased, indicating that the efficiency and the
benefits of screening were also reduced. The US Preventive
Services Task Force recently issued draft recommendations
for a 5-year interval following negative HPV testing (https://
www.uspreventiveservicestaskforce.org/Page/Document/draft-
recommendation-statement/cervical-cancer-screening2). The
clinical pushback against such a long interval has been strong
(21). When considering lengthened intervals, it might be worth
taking into account whether women have had a negative
screening history preceding any given result (4). The decision to
extend screening intervals, and for what duration, will depend
on the adherence to those intervals and the acceptability of the
incrementally greater risk associated with longer intervals (31).

Table 4. Five-year cumulative detection (risks) for CIN3, AIS, or can-
cer (CIN3þ) for most important specific combinations of HPV-posi-
tive and/or cytology-positive results (atypical squamous cells of
undetermined significance or more severe [ASC-USþ]) by round of
screening*

Co-test result
Co-test
No. †

Total
No.

CIN3þ

No. 5-year risk‡, % (95% CI)

HPV-positive NILM 1 34 019 1025 3.9 (3.7 to 4.2)
HPV-positive NILM 2 9612 120 1.8 (1.5 to 2.2)
HPV-positive NILM 3 3451 33 1.7 (1.1 to 2.4)
HPV-positive NILM 4 941 3 1.0 (0.3 to 3.3)
HPV-positive ASC-US 1 11 663 610 6.6 (6.1 to 7.1)
HPV-positive ASC-US 2 3810 93 3.1 (2.5 to 3.8)
HPV-positive ASC-US 3 1418 26 2.8 (1.8 to 4.2)
HPV-positive ASC-US 4 434 5 2.8 (1.0 to 8.1)
LSIL 1 10 633 434 5.2 (4.7 to 5.7)
LSIL 2 3723 77 2.7 (2.2 to 3.5)
LSIL 3 1534 18 1.7 (1.0 to 2.9)
LSIL 4 467 2 0.9 (0.2 to 4.3)
ASC-H 1 1871 313 19.7 (17.8 to 21.8)
ASC-H 2 629 39 7.3 (5.3 to 10.0)
ASC-H 3 230 8 4.2 (2.0 to 8.8)
ASC-H 4 77 0 0.0 (0.0 to 100.0)
AGC 1 1984 136 7.8 (6.6 to 9.1)
AGC 2 1017 22 2.4 (1.61 to 3.7)
AGC 3 417 7 2.2 (1.0 to 4.7)
AGC 4 131 2 2.5 (0.6 to 10.4)
HSILþ 1 2180 944 50.0 (47.5 to 52.5)
HSILþ 2 273 61 24.7 (19.5 to 30.8)
HSILþ 3 94 13 14.4 (8.7 to 23.6)
HSILþ 4 22 2 10.0 (2.6 to 34.4)

*For the 1st, 2nd, 3rd, and 4th co-test following 0, 1, 2, and 3 consecutive negative

co-test(s), respectively. AGC ¼ atypical glandular cells; ASC-H ¼ atypical squa-

mous cells, cannot rule out HSIL; LSIL ¼ low-grade squamous intraepithelial le-

sion; NILM ¼ negative for intraepithelial lesion or malignancy (cytology negative);

HSILþ ¼ high-grade squamous intraepithelial lesion (HSIL) or more severe.

†The co-test was preceded by the co-test number-1 of negative co-tests.

‡Risk estimates for HPV-positive ASC-USþ, HPV negative ASC-USþ were

obtained by estimating risks within subpopulations grouped by screening proto-

cols. Point estimates are a weighted average of subpopulation risks, weighted by

the frequency in which they occur. Confidence intervals are derived by using

survey methodology approaches to combine the variance estimates of the sub-

population risks.
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This analysis had a number of limitations. First, these data
were from an observational cohort of women ages 30 years and
older undergoing routine cervical cancer screening rather than
a clinical trial. Thus, colposcopy was done based on screening
outcomes and the concomitant risks, as it is done in routine
screening, rather than systematically on all women, which
affects the time at which CIN3þ is diagnosed in follow-up. To
partially compensate, 5-year risks as the primary outcome were
used to account for differential follow-up and the limitations of
colposcopy to diagnose disease.

Another limitation, despite an effective call–recall program to
minimize losses to follow-up, is that some women were lost to
follow-up (left the KPNC membership or had follow-up after the
cutoff date), which may have introduced some biases. Given that
noncancerous abnormalities are asymptomatic, biases related to
KPNC membership may be nondifferential by screening result. In
a health-care setting that is unlike KPNC, ie, not an integrated
health-care organization (health maintenance organization), the
ability to incorporate screening history in clinical management
will depend on the quality of the electronic medical records. If
the data are not available, clinicians will have to rely only on the
available information to make management decisions, but must
recognize the limitations imposed by lack of clinical history,
which turns out to be more important than previously known.

This analysis also did not address questions of complex
screening histories of intermittent cytological abnormalities/
HPV test positivity (eg, HPV negative and cytology negative,
HPV-positive ASC-US, and HPV negative and cytology negative)
vs a completely negative screening history (eg, three consecu-
tive HPV-negative and cytology-negative results). The number
of permutations and combinations of screening results after a
few rounds of screening is great (11 different combinations of
positive screening results per screening round) and will likely
require complex modeling/computing, such as machine learn-
ing (32), to estimate the subsequent risks following each com-
plex pattern.

In conclusion, these data show that in the new era of cervi-
cal cancer screening that includes HPV testing, screening his-
tory is an essential element in setting risk-based guidelines for
management of a positive screen. Taking negative histories into
account would mandate less aggressive management of a siz-
able fraction of screen-positive women (33). However, in the ab-
sence of documented data on past screening history, women
with screen-positive results will need to be managed as before,
based on the concurrent screening result only, to ensure patient
safety.
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