Original Research

High-Risk and Low-Risk Human
Papillomavirus and the Absolute Risk of
Cervical Intraepithelial Neoplasia or Cancer

Louise T. Thomsen, Msc, Kirsten Frederiksen, P, Christian Munk, Pip, Jette Junge, MD,
Philip E. Castle, pp, Thomas Ifiner, Prp, and Susanne K. Kjaer, Duse

OBJECTIVE: To determine the absolute risk of cervical
intraepithelial neoplasia (CIN) grade 3 or cervical cancer
(CIN 3 or worse) after detection of low-risk human
papillomavirus (HPV) and after a negative high-risk HPV test.
METHODS: In this prospective cohort study, consecutive
liquid-based cervical cytology samples were collected
from women screened for cervical cancer in Copenhagen,
Denmark, during 2002-2005. Samples were tested with
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a clinical test for 13 high-risk and five low-risk HPV types.
The cohort (N=35,539; aged 14-90 years) was monitored
in a nationwide pathology register for up to 10.5 years for
development of CIN 3 or worse.

RESULTS: The 8-year absolute risk of CIN 3 or worse
was 1.1% (95% confidence interval [CI] 1.0-1.3%) for
HPV-negative women; 1.7% (0.8-2.6%) for low-risk
HPV-positive women without concurrent high-risk HPV;
17.4% (16.4-18.5%) for high-risk HPV-positive women
without concurrent low-risk HPV; and 15.9% (13.5-
18.3%) for women with concurrent high-risk and low-risk
HPV. The 8-year absolute risk of CIN 3 or worse after
a negative high-risk HPV test (irrespective of low-risk
HPYV status) was lower than after a normal cytology result
among women aged younger than 30 years (3.5% [95%
Cl, 2.9-4.0%] compared with 6.9% [6.2-7.5%], P<001)
and women aged 30 years or older (0.7% [95% CI, 0.6—
0.9%] compared with 1.8% [95% ClI, 1.6-2.0%], P<<001).
CONCLUSION: A negative high-risk HPV test provides
greater long-term reassurance against CIN 3 or worse
than normal cytology. Detection of low-risk HPV does
not predict CIN 3 or worse. Cervical cancer screening
should not include testing for low-risk HPV types.
(Obstet Gynecol 2014;123:57-64)

DOI: 10.1097/AOG.0000000000000056

LEVEL OF EVIDENCE: 11

ervical cancer screening programs based on cyto-

logic examinations have reduced the incidence of
this cancer in most developed countries." Primary
screening for high-risk human papillomavirus (HPV)
DNA is more sensitive, but less specific, than cytology
in detecting high-grade cervical intraepithelial neopla-
sia (CIN) and cervical cancer.” Women testing nega-
tive for high-risk HPV DNA remain at low risk of
high-grade CIN and cervical cancer for up to 18
years.>”® Therefore, several countries now incorporate
high-risk HPV testing into cervical cancer screening.’
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In contrast, cervical cancer screening guidelines do
not recommend testing for low-risk HPV types."
These are rarely identified as single infections in prev-
alent cervical cancer cases''™'* and case—control studies
have found that they confer only a marginal'* or
no'” 7 increase in the risk of cervical cancer. However,
only few prospective studies have estimated the abso-
lute risk of CIN or cervical cancer after low-risk HPV
infection.”'**° Furthermore, low-risk HPV testing dur-
ing cervical cancer screening appears to be relatively
widespread in the United States; a survey among
American health care providers who performed HPV
testing reported that 25-31% tested for low-risk HPV.*!
The prognostic value of low-risk HPV testing in cervi-
cal cancer screening thus requires clarification.

In this prospective study of more than 35,000
women, we assessed the long-term absolute risk of CIN
grade 3 or cervical cancer (CIN 3 or worse) by cervical
cytology and high-risk and low-risk HPV status at
baseline. Our aims were to compare the absolute risk
of CIN 3 or worse among high-risk HPV-negative
women with that of women with normal cytology and
to determine the absolute risk of CIN 3 or worse after
detection of low-risk HPV (with or without concurrent
high-risk HPV) in cervical cytology samples.

MATERIALS AND METHODS

The study was based on a cohort established in
Copenhagen, Denmark, during 2002-2005. On ran-
dom days, we collected 42,854 consecutive liquid-
based cytology samples from the Department of
Pathology at Copenhagen University Hospital, Hvido-
vre, which handles all cervical cytology samples from
the greater Copenhagen area. The samples were ob-
tained from both opportunistic screening and from
the organized Danish screening program in which
women aged 23-49 years are invited for cervical cytol-
ogy every third year and women aged 50-64 years are
invited every fifth year.”>*® The samples were taken by
general practitioners or gynecologists using the Sure-
Path liquid-based cytology system and placed in vials
containing CytoRich Preservative Fluid. Within 2 days
of collection, samples were sent to the pathology
department for routine cytologic diagnosis. After prep-
aration of the cytologic slide, the residual cell material
was suspended in 5 mL of alcohol (80%).

These residual samples were collected weekly by
the Danish Cancer Society Research Center and sent
to the Medical Virology Department, University
Hospital of Tiibingen, Tiibingen, Germany, for
HPV DNA testing. Samples were tested with the
Hybrid Capture 2 test using the low-risk probe (probe
set A) for HPV types 6, 11, 42, 43, and 44 and the
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high-risk probe (probe set B) for HPV types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.** Samples
were centrifuged for 15 minutes at 3,220 g (4,000 rpm)
in the original tubes, and the supernatant was dis-
carded. The pellet was taken up in 500 microliters
Specimen Transport Medium and then processed as
described by the manufacturer. Samples containing
1.0 pg/mL or greater of HPV DNA were considered
positive. Laboratory personnel were blinded to the
clinical and demographic data related to each sample.

Women in the cohort and clinicians were
unaware of the HPV test results. Clinical management
of the women was based on cervical cytology only,
not on the HPV results. The study was approved by
the Danish Scientific Ethics Committee and the
Danish Data Protection Agency.

Follow-up was done passively using two nation-
wide Danish registers. In Denmark, all residents are
registered in the computerized Civil Registration Sys-
tem with a unique personal identification number,?®
which contains information on sex and date of birth
and is used throughout society, including in all health
registries. The Civil Registration System database is
updated daily and includes information on death, immi-
gration, and emigration. By linking our cohort with this
database, we collected information on vital and migra-
tion status of the women throughout follow-up.

Using the personal identification numbers as key
identifiers, we also linked the cohort with the nation-
wide Pathology Data Bank. This database contains
information on all cervical cytology, biopsies, and
cones done in Denmark reported by pathology
departments through an online, real-time system.”
From the Pathology Data Bank, we collected informa-
tion on the baseline smear diagnosis, all previous cer-
vical examinations, and subsequent examinations
until December 31, 2012, the maximum follow-up
time being 10.5 years.

In the Pathology Data Bank, abnormal cervical
diagnoses are mainly reported as atypia, mild dyspla-
sia, moderate dysplasia, severe dysplasia, carcinoma in
situ, or cancer. In 2012, the CIN nomenclature was
introduced for histologic diagnoses. For our analysis,
women diagnosed with atypia or worse on the baseline
smear were considered to have had abnormal baseline
cytology, whereas women with no abnormalities in the
baseline smear were considered to have had normal
baseline cytology. Histologic diagnoses of severe
dysplasia, carcinoma in situ, CIN 3, or cervical cancer
during follow-up were categorized as CIN 3 or worse.

Of the 42,854 liquid-based cytology samples col-
lected, we excluded 184 samples because of technical
errors or incomplete identification and 2,271 samples
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that were duplicates from women already included in
the study, resulting in a cohort of 40,399 individual
women. We excluded 18 (less than 0.1%) women with
missing baseline HPV or cytology result and 1,439
(3.6%) women being followed up for an abnormal
cervical diagnosis in the year before baseline. Of the
remaining 38,942 women, 3,403 had no cervical
examinations during follow-up, leaving 35,539 women
for analysis.

In the statistical analyses, we compared the fol-
lowing exposure groups: high-risk HPV-negative
women compared with women with normal baseline
cytology; women with concurrent high-risk and low-
risk HPV compared with women with high-risk HPV
alone; and women with low-risk HPV alone compared
with HPV-negative women. Our primary end point
was histologic diagnoses of CIN 3 or worse. However,
in some analyses, invasive cervical cancer was used as
the end point. Analyses were stratified by age at
baseline (younger than 30 and 30 years or older).

We applied Turnbull’s nonparametric estimator
for interval-censored data to estimate the absolute risk
with pointwise 95% confidence intervals (CIs).>” The
estimator takes into account that the exact failure
times are unknown, because the outcome is only
known to have occurred between the last negative
examination in the Pathology Data Bank and the diag-
nosis date. In the primary analysis, a woman’s follow-
up time ended at the date of her last cervical record in
the Pathology Data Bank, even if she was still alive
and living in Denmark. In a sensitivity analysis, we
did not require women to have a cervical examination
in the Pathology Data Bank, but instead allowed
follow-up time to continue until death, emigration,
or end of follow-up (December 31, 2012).

Because Turnbull’s estimator does not take into
account competing risks, we repeated the analysis
using the Aalen-Johansen estimator of the cumulative
incidence function,”® considering death and coniza-
tion (without simultaneous CIN 3 or worse) as com-
peting risks. In this analysis, the midpoint of each time
interval was used as the failure time. The risk esti-
mates according to the Aalen-Johansen model were
virtually identical to the Turnbull estimates.

Lastly, to examine whether the intensity of follow-
up differed by exposure group, the median number of
smears during follow-up among women with no
abnormalities was calculated for each group. All
analyses were done in SAS 9.3.

RESULTS

Of the 35,539 women included in the present analysis,
26,981 (75.9%) were negative for both high-risk and
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low-risk HPV types at baseline; 1,218 (3.4%) had low-
risk HPV alone; 6,105 (17.2%) had high-risk HPV
alone; and 1,235 (3.5%) had concurrent high-risk and
low-risk HPV detected in their baseline cervical
cytology sample. Atypia or worse was diagnosed in
1,993 women (5.6%) at baseline, whereas 33,546
women (94.4%) were cytologically normal (Table 1).

The age of the women ranged from 14 to 90 years
at baseline (median 36 years). The median age was
similar for high-risk HPV-negative women (38 years)
and women with normal cytology (36 years) and that
of women with concurrent high-risk and low-risk
HPV (26 years) was similar to that of women with
high-risk HPV alone (29 years). Women with low-risk
HPV alone were slightly younger (median age 32
years) than those who didn’t have either high-risk or
low-risk HPV (median age 38 years) (Table 1).

We observed 1,187 cases of CIN 3 or worse
during follow-up. There were 199 cases of CIN 3 or
worse among women who were high-risk HPV-
negative at baseline and 666 among women with
normal baseline cytology. Cervical intraepithelial
neoplasia grade 3 or worse was diagnosed in a lower
proportion of high-risk HPV-negative women (0.7%)
than in women with normal baseline cytology (2.0%),
both for women aged younger than 30 years (1.4%
compared with 3.8%) and those aged 30 years or older
(0.5% compared with 1.3%). Of the 1,187 cases of
CIN 3 or worse, 67 were cases of invasive cervical
cancer. During follow-up, there were 20 cancer cases
among high-risk HPV-negative women and 44 cancer
cases among women with normal baseline cytology
(Table 1).

Cervical intraepithelial neoplasia grade 3 or worse
was diagnosed during follow-up in 15 of 1,218 (1.2%)
women with low-risk HPV alone and 184 of 26,981
(0.7%) high-risk and low-risk HPV-negative women.
None of the women with low-risk HPV alone had
invasive cervical cancer. A slightly higher proportion
of women with high-risk HPV alone (13.9%, n=2848)
were diagnosed with CIN 3 or worse than women with
concurrent high-risk and low-risk HPV (11.3%,
n=140). The patterns were similar in women aged
younger than 30 and 30 years or older (Table 1).

Figure 1 presents the estimated absolute risks of
CIN 3 or worse among high-risk HPV-negative
women and women with normal baseline cytology
for ages younger than 30 and 30 years or older, respec-
tively. Among women aged younger than 30 years,
the absolute risk was lower for those who were high-
risk HPV-negative than for those with normal base-
line cytology at 3 years (0.3%, 95% CI 0.2-0.4%
compared with 0.6%, 95% CI 0.5-0.8%, P<.01), at
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Table 1. Number and Proportion of Women With Cervical Intraepithelial Neoplasia Grade 3 or Worse and
Cervical Cancer During 10.5 Years Follow-Up According to Baseline Human Papillomavirus and

Cytologic Status

Women Aged Women Aged
All Women Younger Than 30 Y 30 Y or Older
HPV and CIN 3 or CIN 3 or CIN 3 or
Cytologic Status n Age (y) Worse  Cancer n Worse Cancer n Worse Cancer
Total 35,539 36 (14-90) 1,187 (3.3) 67 (0.2) 10,249 618 (6.0) 12 (0.1) 25,290 569 (2.2) 55(0.2)
Baseline HPV
Total high-risk 28,199 38 (14-90) 199 (0.7) 20(0.1) 6,304 89 (1.4) 1(0.0) 21,895 110 (0.5) 19 (0.1)
HPV-negative
High-risk and 26,981 38 (14-90) 184 (0.7) 20(0.1) 5,841 82 (1.4) 1(0.0) 21,140 102 (0.5) 19(0.1)
low-risk
HPV-negative
Low-risk HPV alone 1,218 32 (17-76) 15 (1.2) 0 (0.0) 463 7 (1.5) 0 (0.0 755 8 (1.1) 0 (0.0)
Total high-risk 7,340 29 (14-81) 988 (13.5) 47 (0.6) 3,945 529 (13.4) 11 (0.3) 3,395 459 (13.5) 36 (1.1)

HPV-positive

High-risk HPV alone 6,105 29 (14-81)

7)
4 (0.3) 824

3,121 433 (13.9) 8(0.3) 2,984 415 (13.9) 35 (1.2)

Concurrent high-risk 1,235 26 (15-79) 140 (11.3) 96 (11.7) 3 (0.4) 411 44 (10.7) 1(0.2
and low-risk
HPV
Baseline cytology
Normal 33,546 36 (14-90) 666 (2.0) 44 (0.1) 9,275 355 (3.8) 7 (0.1) 24,271 311 (1.3) 37 (0.2)
Abnormal (atypia 1,993 30 (15-83) 521 (26.1) 23 (1.2) 974 263 (27.00 5(0.5) 1,019 258 (25.3) 18 (1.8)
or worse)

HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

Data are median (range) or n (%) unless otherwise specified.

5 years (0.7%, 95% CI 0.5-0.9% compared with 2.4%,
95% CI 2.1-2.8%, P<.001), and at 8 years of follow-up
(3.5%, 95% CI 2.9-4.0% compared with 6.9%, 95% CI
6.2-7.5%, P<.001) (Fig. 1A). Likewise, among women
aged 30 years or older, a negative high-risk HPV test
gave greater reassurance against CIN 3 or worse than
a normal cytology result at 3 years (0.1%, 95% CI 0.1-
0.2% compared with 0.3%, 95% CI 0.2-0.3%, P<.001),
at 5 years (0.3%, 95% CI 0.2-0.4% compared with
0.9%, 95% CI 0.8-1.0%, P<.001), and at 8 years of
follow-up (0.7%, 95% CI 0.6-0.9% compared with
1.8%, 95% CI, 1.6-2.0%, P<.001) (Fig. 1B).

The pattern was the same when invasive cervical
cancer was used as the end point, but numbers were
small and most differences statistically insignificant.
The absolute risks of invasive cervical cancer for high-
risk HPV-negative women compared with women
with normal baseline cytology were 0.02% (95% CI
0.00-0.04%) compared with 0.03% (95% CI 0.01-
0.05%) at 3 years (P=.48), 0.05% (95% CI 0.02-
0.07%) compared with 0.08% (95% CI 0.05-0.11%)
at 5 years (P=.13), and 0.11% (95% CI 0.06-0.15%)
compared with 0.19% (95% CI 0.14-0.25%) at 8 years
of follow-up (P=.03) (data not shown).

Figure 2 presents the estimated absolute risks of
CIN 3 or worse by high-risk and low-risk HPV status
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at baseline. High-risk HPV status was the main pre-
dictor of the future risk of CIN 3 or worse (Fig. 2A
and B). Having low-risk HPV at baseline did not sub-
stantially alter the subsequent risk of CIN 3 or worse
neither among high-risk HPV-positive (Fig. 2A) nor
high-risk HPV-negative women (Fig. 2B).

Among high-risk HPV-positive women (Fig. 2A),
the estimated absolute risk of CIN 3 or worse was
slightly lower for women with concurrent high-risk
and low-risk HPV than for those with only high-risk
HPV, but 95% ClIs of the two absolute risk curves were
overlapping. At 5 years of follow-up, the absolute risk
was 9.6% (95% CI 7.9-11.3%) among women with
concurrent high-risk and low-risk HPV and 12.0%
(95% CI 11.2-12.9%) among those with only high-risk
HPV (P=.01). At 8 years of follow-up, the correspond-
ing risk estimates were 15.9% (95% CI 13.5-18.3%)
and 17.4% (95% CI 16.4-18.5%) (P=.25) (Fig. 2A).

Among high-risk HPV negative women (Fig. 2B),
the absolute risk of CIN 3 or worse remained low
throughout follow-up irrespective of low-risk HPV
status at baseline. Although low-risk HPV-positive
women appeared to have a slightly increased risk
toward the end of follow-up, this tendency was based
on few cases, and the 95% CI for the absolute risk
curve for low-risk HPV-positive women overlapped
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=== High-risk HPV-negative
== Normal cytology

Absolute risk of CIN 3 or worse (%)

o1 T T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10

A Time from enrollment (years)
Women aged less than 30 years at baseline

== High-risk HPV-negative
== Normal cytology

Absolute risk of CIN 3 or worse (%)

0 1 2 3 4 5 6 7 8 9 10

Time from enrollment (years)
Women aged 30 years or older at baseline

B

High-risk HPV-negative

Atrisk (n) 6,304 6,251 6,188 6,085 5682 5303 4,389 2,064 456 5 2
Cases (n) 6 3 9 15 6 10 16 18 6 0
Normal cytology

Atrisk (n) 9,275 9,215 9,100 8,948 8,281 7,662 6,306 2982 643 5 2
Cases (n) 6 20 25 110 46 40 57 41 10 0 0

High-risk HPV-negative

Atrisk (n)21,895 21,574 21,279 20,812 18,072 16,740 13,908 8,918 4,934 1,789 301
Cases (n) 13 8 3 24 12 6 27 9 5 3 0
Normal cytology

Atrisk (n)24,271 23,962 23,418 20,408 18,917 15,807 10,204 5787 2,341 690 334
Cases(n) 15 22 27 88 39 17 52 29 13 8 1

Fig. 1. Absolute risk of cervical intraepithelial neoplasia (CIN) grade 3 or worse in high-risk human papillomavirus (HPV)-
negative women and women with normal baseline cytology, by age. A. Women younger than 30 years at baseline. B.
Women aged 30 years or older at baseline. CIN 3 or worse, CIN grade 3 or cervical cancer.
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with that for HPV-negative women (Fig. 2B). At
5 years of follow-up, the absolute risk was 0.7%
(95% CI 0.2-1.2%) among women with low-risk
HPV alone and 0.4% (95% CI 0.3-0.5%) among
high-risk and low-risk HPV-negative women
(P=.19). At 8 years of follow-up, the corresponding
risk estimates were 1.7% (95% CI 0.8-2.6%) and 1.1%
(95% CI 1.0-1.3%) (P=.19) (Fig. 2B).

In an age-stratified analysis (younger than 30 and
30 years or older), high-risk HPV positivity was the
main predictor of CIN 3 or worse in both age groups,
whereas being low-risk HPV-positive did not sub-
stantially alter the risk estimates. For example, among
women aged 30 years or older, the 5-year absolute
risk of CIN 3 or worse was 0.6% (95% CI 0.0-1.2%)
for women with low-risk HPV alone and 0.3% (95%
CI 0.2-0.4%) for HPV-negative women (P=.33). The
corresponding 8-year risks were 1.6% (95% CI 0.6-
2.6%) and 0.7% (95% CI 0.6-0.8%), respectively
(P=.08) (data not shown).

Sensitivity analyses in which women were moni-
tored until death, emigration, or end of follow-up,
regardless of whether they had a cervical examination,
resulted in slightly lower risk estimates than the
primary analyses. However, the relative pattern for
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high-risk HPV-negative women compared with women
with normal cytology was unchanged. Likewise, the
relative patterns were unchanged for women with
concurrent high-risk and low-risk HPV compared
with women with high-risk HPV alone and for women
with low-risk HPV alone compared with women without
either high-risk or low-risk HPV (data not shown). In our
analysis of follow-up intensity, we found that the median
number of smears during follow-up among women with
no abnormalities was the same in all exposure groups
(median two examinations) (data not shown).

DISCUSSION

In this prospective study of more than 35,000 women
monitored for up to 10.5 years, having low-risk HPV in
the baseline cervical cytology sample did not increase
the risk of CIN 3 or worse either among high-risk
HPV-positive or high-risk HPV-negative women.
This result is in line with case—control'*'” and
prevalence''™'** studies supporting that low-risk
HPV types rarely, if ever, cause cervical cancer. The
few previous prospective studies that have estimated
the absolute risk of CIN 3 or worse!'®2° or carcinoma
in situ and invasive cervical cancer’ after low-risk
HPV infection also found that risks were low”>'*% or
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== High-risk and low-risk HPV

=== High-risk and low-risk HPV (95% ClI)
=== High-risk HPV alone

25—-| == High-risk HPV alone (95% Cl)

30

Absolute risk of CIN 3 or worse (%)

T 71T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10

A Time from enrollment (years)
High-risk HPV-positive women

Low-risk HPV alone

== Low-risk HPV alone (95% ClI)
= HPV-negative

25 | === HPV-negative (95% ClI)

30—

20—

15

10—

Absolute risk of CIN 3 or worse (%)

L e
0 1 2 3 4 5 6 7 8 9 10

B Time from enrollment (years)

High-risk HPV-negative women

High-risk HPV alone
Atrisk (n) 6,105 5,561 5419 5272 4,724 4,288 3,533 1,956 737 226 55
Cases (n) 372 51 44 143 74 43 59 42 13 5 2

High-risk and low-risk HPV

Atrisk (n)1,235 1,144 1,112 1,085 984 900 732 389 114 28 8
Cases (n) 55 7 3 33 13 5 17 7 0 0 0

Low-risk HPV alone

Atrisk (n) 1,218 1,200 1,185 1,163 1,054 974 803 463 205 61 12
Cases (n) 1 2 0 3 2 1 5 0 1 0
HPV-negative

Atrisk (n)26,981 26,625 26,282 25,734 22,700 21,069 17,494 10,519 5,185 1,733 291
Cases (n) 18 9 12 36 16 15 38 27 10 3 0

Fig. 2. Absolute risk of cervical intraepithelial neoplasia (CIN) grade 3 or worse according to high-risk and low-risk human
papillomavirus (HPV) status at baseline. A. High-risk HPV-positive women. B. High-risk HPV-negative women. Cl, confi-
dence interval. CIN 3 or worse, CIN grade 3 or cervical cancer.
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even zero.'® These prospective studies used polymer-
ase chain reaction-based HPV detection methods,
which are mainly used for research, whereas we used
a clinical HPV test.*® The previous prospective studies
either excluded women with prevalent disease™'® or
were restricted to women with cytologic abnormalities
at baseline."””” In contrast, our analysis included all
women regardless of baseline cytologic status, thus
providing clinically relevant estimates of the prognos-
tic value of low-risk HPV testing during cervical can-
cer screening.

Our results support current recommendations'”
that screening for cervical cancer should not include
testing for low-risk HPV types. Screening for HPV
types unrelated to cervical cancer may cause improper
follow-up procedures, waste of resources, and unneces-
sary psychological distress for patients. Therefore,
reimbursement systems should discourage the use of
low-risk HPV testing and initiatives to eliminate avail-
ability of the clinical low-risk HPV test should be
considered.*"?!

Some studies have suggested an antagonistic
effect between certain high-risk and low-risk HPV
types, resulting in a decreased risk of CIN grade 2
(CIN 2) or worse'? or of cervical cancer®**® among
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women concurrently infected with HPV 16 and HPV
6,°> HPV 16 and HPV 6/11,% or HPV 16 and a pool
of 24 low-risk HPV types." Our finding of a slightly
(although not statistically significant) lower risk of
CIN 3 or worse among women with concurrent
high-risk and low-risk HPV than in those with only
high-risk HPV may indicate an antagonistic effect.
This could potentially be caused by cross-protective
cell-mediated immunity between HPV types.* Explo-
ration of such type-type interactions will require HPV
genotype-specific analyses, which are currently under-
way for this cohort.

In accordance with previous European”® and
American®* studies, this study also showed that a neg-
ative high-risk HPV test at baseline (irrespective of
low-risk HPV status) provides greater long-term reas-
surance against CIN 3 or worse than a normal cytol-
ogy result. This was found for both older (30 years or
older) and younger (younger than 30 years) women.
Our results thus support that in screening programs
currently based on cytology,** screening intervals for
screen-negatives may be extended if primary high-risk
HPYV testing is introduced.

The strengths of our study include the large
sample (greater than 35,000 women) and the long
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follow-up (greater than 10 years). Because the women
were monitored in a national pathology register with
virtually 100% coverage,”® our study had little loss to
follow-up; more than 90% of our cohort had at least
one follow-up record in the Pathology Data Bank, and
94% remained under observation (alive and living in
Denmark) throughout follow-up. As a result of our
large sample size, the 95% Cls are narrow, indicating
that our estimates of the absolute risk of CIN 3 or
worse have a high degree of precision. For example,
among women with low-risk HPV alone at baseline,
the upper bound of the 95% CI at 5 years of follow-up
was only 1.2%. On this basis, we are confident in
concluding that low-risk HPV testing has no clinical
predictive value in cervical cancer screening.

The study also had some limitations. First, because
of the passive follow-up, our estimates of the absolute
risk of CIN 3 or worse reflect the screening pattern in
Denmark, where cytology screening at 3- or 5-year
intervals (depending on the woman’s age) is recom-
mended.?>?® Based on these observational data, we
cannot entirely rule out that extending the screening
interval would result in additional cases of CIN 3 or
worse developing between screens. Furthermore,
aggressive clinical management of lower grade lesions
might have prevented some cases of CIN 3 or worse,
resulting in an underestimate of the absolute risk. The
effect of this would, however, be minimal, because
Danish guidelines for CIN treatment are conservative,
with recommendations for observation without exci-
sional treatment of CIN 1 and even CIN 2 in women
with a visible transformation zone.?*> Furthermore,
because the screening intensity was similar in all expo-
sure groups, we believe that the relative patterns were
not biased by differential follow-up.

Another potential limitation is that HPV testing was
performed on SurePath liquid-based cytology residual
samples. In a case report, concern has been raised that
this procedure may provide false-negative results.*
However, a recent study found identical test performan-
ces for Hybrid Capture 2 testing of SurePath specimens
compared with Hybrid Capture 2 testing of liquid-based
cytology samples placed in a U.S. Food and Drug
Administration-approved collection medium.*” In
our study, false-negative test results would have led
us to overestimate the absolute risk of CIN 3 or worse
after a negative HPV test. Therefore, in theory, a nega-
tive high-risk HPV test using a U.S. Food and Drug
Administration-approved collection medium may pro-
vide even greater reassurance against CIN 3 or worse
than we observed. Furthermore, our estimates of the
absolute risk among low-risk HPV-positive women
should not be affected by false-negative results.
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A third potential limitation is that outcomes were
not verified by an expert pathologist. Use of CIN 3 or
worse as the end point (instead of CIN 2 or worse)
should, however, have minimized misclassification,
because clinical diagnoses of CIN 3 are much more
reproducible than CIN 2.°* Lastly, because we mea-
sured HPV at baseline only, we had no information
on duration of infection or on the predictive values of
HPV testing compared with cytology after multiple
screening rounds.”

In conclusion, this study confirms that a negative
test for high-risk HPV DNA provides greater long-
term reassurance against CIN 3 or worse than normal
cytology. Furthermore, we found that detection of
low-risk HPV does not increase the risk of CIN 3 or
worse. Therefore, screening for low-risk HPV types
should be abandoned outside of research settings.
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