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Abstract

Background

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:Human papillomavirus (HPV)-based screening programs still use one-size-fits-all protocols

but efficiency and efficacy of programs may be improved by stratifying women based on pre-

vious screening results.

Methods and findings

We studied the association between cervical intraepithelial neoplasia grade 3 or cancer

(CIN3+) and previous screening results in the Population-Based Screening Study Amster-

dam (POBASCAM) trial, performed in the Netherlands in the setting of regular screening,

where women aged from 29 to 61 years old were invited to cytology and HPV co-testing at

enrolment in year 1999/2002 and at the next round in 2003/2007. We selected 18,448

women (9,293 from the intervention group and 9,155 from the control group) who tested

HPV–negative in 2003/2007 and did not have cervical intraepithelial neoplasia grade 2 or

worse (CIN2+) or hysterectomy after enrolment. Follow-up was collected until 14 years after

the 2003/2007 screen, covering 4 rounds of screening. Risk of CIN3+ and CIN2+ among

women with an HPV–negative test, irrespective of previous round results and stratified

according to previous round HPV and cytology results, were calculated by the Kaplan–

Meier method.

During 14 years of follow-up, 62 CIN3+ cases (24 in the intervention group and 38 in the

control group) were detected. HPV–negative women had a 14-year CIN3+ risk of 0.48%

(95% confidence interval 0.37 to 0.62) and CIN2+ risk of 1.17% (0.99 to 1.38). The CIN3+

risk among HPV–negative women was increased in women with a previous positive HPV

test (2.36%, 1.20 to 4.63; p < 0.001) or co-test (1.68%, 0.87 to 3.20; p < 0.001) and,
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equivalently, decreased in women with a previous negative HPV test (0.43%, 0.33 to 0.57)

or a negative co-test (0.43%, 0.33 to 0.57). The CIN3+ risk was not influenced by the previ-

ous cytology result. The CIN3+ risk among HPV–negative women was increased after both

a previous HPV16–positive test (3.90%, 1.47 to 10.12; p < 0.001) and a previous HPV16–

negative/HPVother–positive test (1.91%, 0.76 to 4.74; p = 0.002). For endpoint CIN2+ (147

cases), findings were similar except that the CIN2+ risk was increased after previous abnor-

mal cytology (4.06%, 2.30 to 7.12; p < 0.001). The presented risk estimates were calculated

by tracking histological results through the Dutch nationwide pathology archive (PALGA)

and were not adjusted for non-compliance with the colposcopy referral advice.

Conclusions

HPV–negative women had an increased long-term risk of CIN3+ when the HPV test in the

previous screening round was positive. This supports the implementation of risk-based

intervals that depend on HPV results in the current and previous screening round.

Trial registration

POBASCAM trial, trial registration number ISRCTN20781131.

Author summary

Why was this study done?

• HPV-based screening is being implemented in many countries worldwide in accor-

dance with the WHO recommendation to use HPV testing as the primary screening

method for prevention of cervical cancer.

• In the Netherlands, HPV-based screening was implemented in 2017 with a 5-year inter-

val among screen-positive women aged from 30 to 60 years old and an extended 10-year

interval among screen-negative women aged 40 or 50 years old.

• The safety of a 10-year interval for women who are HPV–negative at age 40 or 50 but

who were HPV–positive in the previous screening round should be assessed.

• Efficiency and efficacy of HPV-based screening programs may be improved by stratify-

ing women based on previous screening results.

What did the researcher do and find?

• We collected follow-up data of women who participated in the Population-Based

Screening Study Amsterdam (POBASCAM) trial with enrollment in 1999/2002 and 19

years of follow-up, selected 18,448 women with a negative HPV result at the second

study-related screening round (5 years after enrolment) and stratified them according

to screening results at the time of study enrolment.

• We estimated the 14-year stratum-specific risk of CIN3+ and CIN2+, covering 3 rounds

of screening.
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• The 14-year CIN3+ risk among HPV–negative women was 0.48%, was slightly lower

when the HPV test in the previous round was negative (0.43%), but was markedly

higher when the HPV test in the previous round was positive (2.36%).

• The 14-year CIN3+ risk among HPV–negative women was not increased when the

cytology test in the previous round was positive.

What do these findings mean?

• Our results confirmed the safety of extending the screening interval from 5 to 10 years

when switching from cytology-based screening to HPV-based screening.

• A screening extension from 5 to 10 years can be maintained at the second HPV-based

screening round when the HPV result in the previous round was negative.

• A history of HPV positive screening results is associated with an increased future risk of

precancer also when the current HPV result is negative.

• HPV results from multiple screening rounds should be considered when determining

the time to the next screening invitation.

Introduction

Human papillomavirus (HPV) causes virtually all cases of cervical cancer and its precursors.

Testing for HPV DNA has demonstrated earlier detection of cervical intraepithelial neoplasia

grade 3 or worse (CIN3+) and greater protection against invasive cervical cancer than cytology

[1–3]. This has led to the revision of cervical cancer screening guidelines recommending HPV

testing as single primary test in multiple European countries, New Zealand, Australia, and the

United States [4–7].

HPV testing is less specific than cytological testing, but HPV-based screening programs

may achieve a higher level of efficiency by extending the screening interval after a negative pri-

mary HPV test. The new Dutch HPV-based cervical screening program, which screens

women aged from 30 to 60 years old every 5 years, was implemented in 2017 with an extension

of the screening interval from 5 to 10 years for HPV–negative women aged 40 or 50 years old

[8,9]. The question arises whether this extension is also tenable after 2 rounds of HPV-based

screening. It will be especially critical to establish the safety of a 10-year interval for women

who are HPV–negative at age 40 or 50 but who were HPV–positive in the previous screening

round. There is only limited evidence on the future risk of cervical (pre)cancer by previous

screening results. The main reason for this is that organized HPV-based screening programs

have been implemented recently and most programs have not yet completed 2 rounds of

HPV-based screening. Real-world evidence has been collected in the Kaiser Permanente

Northern California (KPNC) cohort, initiated in 2003 with follow-up until 2015, where

women were recommended 3-yearly HPV and cytology co-testing. In this cohort, it was found

that the cancer and CIN3+ risks in HPV–negative women decreased with an increasing num-

ber of negative historical co-tests [10] and that a history of HPV–positive results increases risk,
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even when the current result is negative [11]. Risks by previous screening results beyond 5

years are yet to be studied.

In order to gain insight into the safety of HPV-based screening intervals longer than 5 years

by previous screening results, we collected follow-up data from the POBASCAM (Population-

Based Screening Study Amsterdam) trial. This HPV-based screening trial offers a unique

opportunity to anticipate risk estimation based on longitudinal HPV-based screening data,

because participating women received HPV testing in 2 consecutive screening rounds, the first

at enrolment in 1999/2002 and the second 5 years later [1]. We extended the follow-up of

POBASCAM women up to 14 years after the second HPV screen, covering 4 screening rounds

in total. We analyzed data of women with an HPV–negative screening test at the second HPV-

based screening round to determine the effect of the previous HPV test, cytology, and co-test

result on the long-term risk of cervical (pre)cancer.

Methods

Study population

This is a longitudinal study in which we collected passive follow-up of women who partici-

pated in the POBASCAM trial. The POBASCAM trial (trial registration number

ISRCTN20781131) was conducted in the setting of the regular (cytology) cervical cancer

screening program in the Netherlands that invites women aged from 30 to 60 years old every 5

years. The design has been published previously [1,12,13]. In brief, the enrolment period was

from January 1999 to September 2002. All women provided written informed consent prior

enrolment. Eligible consenting women (N = 44,102) aged from 29 to 61 years old were ran-

domly assigned (1:1) to receive HPV and cytology co-testing (intervention) or cytology-only

with blinded HPV (control). In the intervention group, women with normal cytology and

HPV–negative result were invited to the next screening round after 5 years. Women with

high-grade abnormal cytology (HSIL) were referred for colposcopy irrespective of the HPV

result. Women with borderline or low-grade cytology (ASCUS/LSIL) and those with normal

cytology and HPV–positive result were advised to undergo repeat co-testing at 6 or 18 months,

and referred for colposcopy in case of HSIL and/or HPV–positive result. Women without

HSIL and HPV–negative result were invited at the next round after 5 years. In the control

group, women with normal cytology were invited to the next round after 5 years. Women with

HSIL cytology were referred for colposcopy. Women with ASCUS/LSIL were advised to repeat

cytology after 6 or 18 months and referred for colposcopy in case the repeat cytology result

was abnormal (ASCUS+). Women with normal repeat cytology were invited at the next round

after 5 years. Post-colposcopy management was done by cytology at 6, 12, and possibly 24

months after colposcopy and, if no lesion was detected, women were referred back to routine

screening. At the second screening round after 5 years, women in both study groups were

managed according to the intervention protocol (HPV and cytology co-testing). At the third

screening round after 10 years, women in both study groups were managed according to the

control protocol (cytology-only), which was in line with the screening program at that time. At

the fourth screening round after 15 years, women invited before January 2017 were managed

according to the control protocol and women invited at a later time were managed according

to the new primary HPV screening program. In the new program, HPV–negative women are

invited to the next screening round after 5 to 10 years and HPV–positive women are tested by

cytology. HPV–positive women with ASCUS+ at baseline are directly referred for colposcopy,

while HPV–positive women with normal cytology are invited for repeat cytology testing after

6 months, and referred for colposcopy when ASCUS+. Women with normal repeat cytology

are invited at the next round after 5 years.
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In the POBASCAM trial, a conventional cervical smear test was prepared on a glass slide

for cytology reading after which the brush was placed in a vial for HPV DNA testing done

using high-risk HPV GP5+/6+ PCR-enzyme immunoassay (EIA) [14] that detects 14 high-risk

HPV genotypes (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). EIA-positive

specimens were considered “generic” high-risk HPV–positive and were genotyped by reverse

line blotting [15]. Cytology and HPV testing were performed without knowledge of the other

test result. In the new HPV-based screening program, the cervical sample was stored in 20-ml

PreservCyt (Hologic, Marlborough, Massachusetts, United States of America) and HPV DNA

testing was performed by Cobas 4800 HPV Test (Cobas 4800 System, Roche Molecular Sys-

tems, Branchburg, New Jersey, USA)[16]. Women who did not wish to have a cervical sample

taken at their clinician’s office (Cervex Brush, Rovers Medical Devices B.V., Oss, NL) could

request a self-sampling kit at home (Evalyn Brush, Rovers Medical Devices B.V., Oss, NL). The

dry brush was sent to the laboratory, stored in 20-ml PreservCyt and HPV DNA testing was

performed by Cobas 4800 HPV Test. In case the HPV self-sampling test was positive, a new

sample was collected at the clinician’s office for cytological evaluation. When a woman was

referred for colposcopy, suspected areas on the cervix were identified and biopsies were taken

for histological examination. Histology was examined locally and classified as normal, cervical

intraepithelial neoplasia (CIN) grade 1, 2, 3, or invasive cancer, according to international cri-

teria [17]. Adenocarcinoma in situ was added to CIN3. Treatment by loop electrosurgical exci-

sion procedure was recommended to women diagnosed with CIN2 or worse (CIN2+). Follow-

up histology was obtained through the PALGA nationwide histopathology and cytopathology

registry [18] up to January 2018.

The POBASCAM trial was approved by the VU University Medical Centre (no 96/103) and

the Ministry of Public Health (no 328650). This study was approved by the scientific commit-

tee of PALGA.

Statistical analyses

We included women from the intervention and control group of the POBASCAM trial who

were invited for co-testing and had a negative HPV test result at the second screening round.

Hereby, we will refer to these women as HPV–negative women or as the total study sample.

Those with a CIN2+ diagnosis or hysterectomy before the start of the second screening round

were excluded. Follow-up started counting at the second screening round visit and ended on the

date of a CIN3+ diagnosis or hysterectomy. As detection of CIN3+ after a positive screen can

take up to 4 years (because of repeat testing at 6 and 18 months and post-colposcopy follow-up

for up to 24 months; see above “Study population”), the 4-year cutoff corresponds with the risk

of prevalent disease, the 9-year cutoff corresponds with the risk of CIN3+ because of a positive

screen after 5 years, and the 14-year cutoff represents the risk of CIN3+ because of a positive

screen after 10 years. If the second screening round was the last attended screening round and

no CIN3+ or hysterectomy was reported, follow-up was censored 4 years after the starting date

of the second round. If the third screening round was the last attended and no CIN3+ or hyster-

ectomy was reported, follow-up was censored 9 years after the starting date of the second round.

In all other women, follow-up ended 14 years after the start of the second round or on 31 January

2018, whichever came first. The approach for censoring the data was also used in previous fol-

low-up analyses of the POBASCAM trial (e.g., [9]) and is in line with the intention-to-treat publi-

cations of the POBASCAM trial [1,12]. Notably, in the Dutch screening program, a new

screening invitation is sent in the year a woman turns 30, 35, 40, 45, 50, 55, 60 and therefore cut-

offs of 4, 9, and 14 years after the first screen to define subsequent screening rounds correspond

with completion of the first, second, and third round, respectively.
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We measured time to CIN3+ detection and used the Kaplan–Meier method to estimate the

14-year cumulative risk of CIN3+, stratified by previous test results. Previous test results were

HPV test, cytology and co-test results obtained at the start of the first screening round, which

corresponds to enrolment in the POBASCAM trial. Analyses were repeated using the last test

of the first screening round (including repeat testing) as previous test result. HPV was labeled

as positive if the result was positive at the generic HPV test and negative otherwise. Cytology

was labeled as positive if the result was borderline or worse (ASCUS+) and negative otherwise.

Co-test was labeled as positive if HPV and/or cytology were positive and negative if they were

both negative.

We reported absolute risks with ninety-five percent confidence intervals (95% CI). We also

reported risk differences (RDs) with 95% CI and p-values for the comparison of CIN3+ risks

after a positive and negative screening result in the previous round. Separate risk comparisons

were made for previous round HPV, cytology, and co-test results. The 95% CI were calculated

by parametric bootstrapping and p-values were calculated by Wald testing, assuming a normal

distribution for the logarithmic risk. Separate estimates were reported for intervention and

control group, and for the pooled estimate over the 2 study groups. Finally, we calculated sepa-

rate CIN3+ risks for age strata<39 years, 39 to 48 years, and�49 years at the second round,

defined as matching with the screening invitations, and genotype results at the previous

round, using hierarchical ranking based on HPV genotype groups HPV16, HPV18/45,

HPV31/33/35/52/58, and other high-risk HPV genotypes. Statistical significance was consid-

ered at a significance level of 5%. All analyses were repeated for endpoint CIN2+ and the main

analysis was repeated for endpoint cancer. All analyses were performed using Microsoft Excel

2016 and STATA/SE 14.1, except for bootstrapping and visualization that were performed

using R version 4.0.3. We followed the STROBE guidelines for reporting of observational stud-

ies (S2 File).

Results

The screening profile and characteristics of women who participated in the POBASCAM trial

and had an HPV–negative study-related second screening test is presented in Fig 1 and

Table 1. We included a total of 18,448 HPV–negative women, 9,293 from the intervention

group and 9,155 from the control group. Their median age at the second screening round was

45 years (range 33 to 67) in both study groups (Table 1). During 14 years of follow-up, 41

CIN2, 22 CIN3, and 2 squamous cell carcinomas were detected in the intervention group; and

44 CIN2, 35 CIN3, 2 squamous cell carcinomas, and 1 adenocarcinoma were detected in the

control group.

Women with an HPV–negative result had a 14-year cumulative CIN3+ risk of 0.48% (95%

CI 0.37 to 0.62) (Table 2 and Fig 2). A markedly increased CIN3+ risk was observed among

HPV–negative women who in the previous round had a positive HPV test (2.36%, 95% CI 1.20

to 4.63; p< 0.001) or a positive co-test (1.68%, 95% CI 0.87 to 3.20; p< 0.001). Equivalently, a

decreased CIN3+ risk was observed among HPV–negative women who in the previous round

also had a negative HPV test (0.43%, 95% CI 0.33 to 0.57) or a negative co-test (0.43%, 95% CI

0.33 to 0.57). We did not find an increased CIN3+ risk in HPV–negative women who in the

previous round had a positive cytology test (0.35%, 95% CI 0.05 to 2.45; p = 0.754) or, equiva-

lently, not a significantly decreased CIN3+ risk in those who in previous round had a negative

cytology test (0.48%, 95% CI 0.37 to 0.63). Intervention and control group-specific estimates of

the absolute CIN3+ risks were similar despite the different screening management in the first

round after enrolment (Table 2 and Figs A and B in S1 File). The 14-year CIN3+ risks among

HPV–negative women were 0.39% (95% CI 0.26 to 0.59) in the intervention group and 0.57%
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(95% CI 0.41 to 0.79) in the control group. Increased CIN3+ risks were found among HPV–

negative with a previous positive HPV test (intervention group: 2.38%, 95% CI 1.13 to 6.97;

p< 0.001; control group: 1.98%, 95% CI 0.72 to 5.38; p = 0.015) or a previous positive co-test

(intervention group: 1.77%, 95% CI 0.70 to 4.43; p = 0.001; control group: 1.60%, 95% CI 0.64

to 3.97; p = 0.027).

In second-round age strata<39 years, 39 to 48 years, and�49 years, the 14-year CIN3+ risks

were 0.95% (95% CI 0.60 to 1.51), 0.54% (95% CI 0.39 to 0.74), and 0.17% (95% CI 0.07 to 0.40)

(Table A in S1 File). The direction of the effects of the previous screening test(s) on CIN3+ were

the same for all age subgroups, although most pronounced for women with age 39 to 48.

The 14-year CIN3+ risk among HPV–negative women was increased in all genotype-spe-

cific subgroups with a previous round positive HPV test: HPV16–positive (3.90%, 95% CI 1.47

to 10.12; p< 0.001) and HPV16–negative/HPVother–positive (1.91%, 95% CI 0.76 to 4.74;

Fig 1. Flowchart of the 19 years of follow-up of the POBASCAM trial with focus on the analytical population consisting of 18,448 women who tested

HPV–negative at the second screening round 5 years after enrolment. ACIS, adenocarcinoma in situ; AdCa, adenocarcinoma; CIN2/3, cervical

intraepithelial neoplasia grade 2/3; HPV, human papillomavirus; SCC, squamous cell carcinoma; UE, uterus extirpation (hysterectomy).

https://doi.org/10.1371/journal.pmed.1004115.g001
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p = 0.002). The CIN3+ risk was also increased among women who, in the previous round,

were HPV31/33/35/52/58–positive but HPV16/18/45–negative (2.32%, 95% CI 0.56 to 9.25;

p = 0.021), or positive for high-risk HPV genotypes other than HPV16/18/45/31/33/35/52/58

(2.06%, 95% CI 0.48 to 8.62; p = 0.037). The CIN3+ risk was not significantly increased among

women who, in the previous round, tested HPV18/45–positive but HPV16–negative (1.10%,

95% CI 0.16 to 7.54; p = 0.348).

The analyses were repeated for endpoint CIN2+ and similar estimates were found when

stratifying according to HPV and co-test results in the previous round (Table 2 and Fig 2).

However, among HPV–negative women the CIN2+ risk (1.17%, 95% CI 0.99 to 1.38) was

increased after a positive cytology test in the previous round (4.06%, 95% CI 2.30 to 7.12;

p< 0.001) and, equivalently, decreased after a negative cytology test in the previous round

(1.11%, 95% CI 0.93 to 1.32). The 14-year CIN2+ risk was increased in all genotype-specific

subgroups with a previous round positive HPV test, including the HPV18/45–positive but

HPV16–negative subgroup.

Similar estimates were found for endpoint cancer. The overall 14-year absolute risk of can-

cer was 0.03% (95% CI 0.01 to 0.08). The 14-year cancer risk was increased in HPV–negative

women with a previous positive HPV test (0.52%, 95% CI 0.13 to 2.07; p< 0.001) or a previous

positive co-test (0.32%, 95% CI 0.08 to 1.29; p = 0.002), and decreased in those with a previous

negative HPV test (0.02%, 95% CI 0.01 to 0.06) or a previous negative co-test (0.02%, 95% CI

0.01 to 0.06). In our sample, there were no cancer cases among HPV–negative women with a

previous positive cytology test.

Results were similar when the analysis was based on the last preceding test result instead of

the first screening test result of the previous screening round (Table B in S1 File). An analysis

of all women, including those with CIN2+ before the start of the second round, did not yield

different results because only 40 of the 494 women with CIN2+ in the first round had a nega-

tive HPV result at the second screening round and only 1 of them developed CIN2 during 14

years of follow-up.

Table 1. Characteristics of the study sample.

N Age Time since last test in previous round (years) � CIN2 CIN3 Cancer

Total 18,448 45 (33 to 67) −4.9 (−1.7 to −8.4) 85 57 5

POBASCAM study group

Intervention 9,293 46 (33 to 67) −4.9 (−1.7 to −8.4) 41 22 2

Control 9,155 45 (33 to 67) −4.9 (−1.8 to −8.4) 44 35 3

HPV previous round

HPV+ 512 40 (33 to 65) −4.4 (−1.9 to −6.9) 11 7 2

HPV− 17,913 46 (33 to 67) −4.9 (−1.7 to −8.4) 74 50 3

HPV missing 23

Cytology previous round

Cytology+ 413 45 (33 to 67) −3.9 (−1.7 to −6.8) 12 1 0

Cytology− 18,035 45 (33 to 67) −4.9 (−1.8 to −8.4) 73 56 5

Co-test previous round

Co-test+ 834 44 (33 to 65) −4.2 (−1.7 to −6.9) 18 8 2

Co-test− 17,591 46 (33 to 67) −4.9 (−1.8 to −8.4) 67 49 3

Co-test missing 23

� Time to HPV–negative test result since latest test (e.g., screening invitation test, a repeat test, or a post-colposcopy follow-up test) in the previous screening round.

CIN2/3, cervical intraepithelial neoplasia grade 2/3; HPV, human papillomavirus.

https://doi.org/10.1371/journal.pmed.1004115.t001
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Discussion

We evaluated the long-term safety of a negative HPV test result, expressed as 14-year risks of

CIN3+ and CIN2+, stratified according to previous round screening outcomes. We found that

the long-term risk of CIN3+ after a negative HPV test is very low when women had a negative

HPV test result in the previous screening round. However, HPV–negative women who had a

previous positive HPV test had a markedly increased risk of CIN3+. A previous abnormal

cytology result gave an increased risk of CIN2+ but was not associated with an increased

CIN3+ risk. Altogether, our results indicate that HPV results from multiple screening rounds

should be considered when determining the time to the next screening invitation.

The major strengths of the current study are its large size, the long follow-up of 19 years

after study enrolment, and the fact that the study was nested within a randomized population-

based screening trial. This means that all women in our study had 2 rounds of HPV testing so

that our study has both a high internal validity and is representative of an HPV screening set-

ting. Risk estimates were not influenced by post-colposcopy follow-up because all women in

our study population were invited for the second HPV-based screening round of the POBAS-

CAM study. Besides, in women with a colposcopy referral in the first round, post-colposcopy

Table 2. Absolute risks of CIN3+ and CIN2+ and risk differences at 14-year among HPV–negative women stratified for previous test result and study group.

CIN3+ CIN2+

N N events Risk % (95% CI) RD % (95% CI) p-value N events Risk % (95% CI) RD % (95% CI) p-value

Pooled study groups
Total 18,448 62 0.48 (0.37 to 0.62) 147 1.17 (0.99 to 1.38)

Previous round
HPV+ 512 9 2.36 (1.20 to 4.63) 1.93 (0.76 to 4.19) <0.001 20 5.23 (3.33 to 8.18) 4.17 (2.26 to 7.14) <0.001

HPV− 17,913 53 0.43 (0.33 to 0.57) 127 1.06 (0.89 to 1.26)

Cytology+ 413 1 0.35 (0.05 to 2.45) −0.13 (−0.47 to 2.00) 0.754 13 4.06 (2.30 to 7.12) 2.95 (1.18 to 6.03) <0.001

Cytology− 18,035 61 0.48 (0.37 to 0.63) 134 1.11 (0.93 to 1.32)

Co-test+ 834 10 1.68 (0.87 to 3.20) 1.25 (0.43 to 2.80) <0.001 28 4.52 (3.08 to 6.62) 3.50 (2.05 to 5.60) <0.001

Co-test− 17,591 52 0.43 (0.33 to 0.57) 119 1.02 (0.85 to 1.23)

Intervention group
Total 9,293 24 0.39 (0.26 to 0.59) 65 1.05 (0.82 to 1.35)

Previous round
HPV+ 253 5 2.82 (1.13 to 6.97) 2.49 (0.78 to 6.67) <0.001 12 6.73 (3.73 to 11.99) 5.83 (2.83 to 11.18) <0.001

HPV− 9,036 19 0.33 (0.21 to 0.52) 53 0.90 (0.69 to 1.19)

Cytology+ 199 0 0.0 - - 8 5.32 (2.54 to 10.95) 4.36 (1.57 to 10.11) <0.001

Cytology− 9,094 24 0.40 (0.26 to 0.60) 57 0.96 (0.74 to 1.26)

Co-test+ 413 5 1.77 (0.70 to 4.43) 1.44 (0.35 to 4.10) 0.001 16 5.38 (3.22 to 8.94) 4.51 (2.32 to 8.13) <0.001

Co-test− 8,876 19 0.33 (0.21 to 0.53) 49 0.87 (0.65 to 1.15)

Control group
Total 9,155 38 0.57 (0.41 to 0.79) 82 1.29 (1.03 to 1.61)

Previous round
HPV+ 259 4 1.98 (0.72 to 5.38) 1.45 (0.17 to 4.91) 0.015 8 3.94 (1.94 to 7.94) 2.73 (0.70 to 6.78) 0.002

HPV− 8,877 34 0.53 (0.38 to 0.75) 74 1.21 (0.96 to 1.53)

Cytology+ 214 1 0.65 (0.09 to 4.52) 0.08 (−0.55 to 4.07) 0.897 5 2.88 (1.19 to 6.85) 1.63 (−0.09 to 5.63) 0.070

Cytology− 8,941 37 0.57 (0.41 to 0.79) 77 1.25 (1.00 to 1.57)

Co-test+ 421 5 1.60 (0.64 to 3.97) 1.07 (0.08 to 3.47) 0.027 12 3.73 (2.08 to 6.64) 2.55 (0.86 to 5.51) <0.001

Co-test− 8,715 33 0.53 (0.37 to 0.75) 70 1.18 (0.93 to 1.50)

CI, confidence interval; CIN2/3+, cervical intraepithelial neoplasia grade 2/3 or worse; HPV, human papillomavirus; RD, risk difference.

https://doi.org/10.1371/journal.pmed.1004115.t002
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management was completed about 2 years before the second round screening invitation was

received. Risk estimates were similar in the intervention and control study group, indicating

that the management of screen-positives in the previous round had only a limited effect on the

CIN3+ and CIN2+ risks after a negative HPV test, if at all. A limitation to our study was that

the presented CIN3+ and CIN2+ risk estimates were calculated by tracking histological results

through the nationwide histopathology and cytopathology registry PALGA that does not con-

tain information on gynecological procedures. That means that we were not able to assess how

many cases were missed because women did not comply with the colposcopy referral advice.

Furthermore, the national screening protocol varied over the course of the follow-up with

cytology testing at the third screen after start of the POBASCAM study and primary testing by

HPV alone at the fourth screen. This may have an effect on the absolute CIN3+ and CIN2+

risks, although we expect the effect on the relative risks to be small. A third limitation is that

our study does not explain why a positive HPV result in the previous round leads to an

increased long-term CIN3+ and CIN2+ risk in HPV–negative women. To study this, more

information would be needed on the molecular features of the HPV-initiated lesions detected

during follow-up. Several cohort studies with long-term follow-up indicated that risk of HPV

infection and cervical lesions may be increased in women with previous HPV exposure

because of person-specific variation in HPV susceptibility and in HPV clearance and because

of viral re-activation [19–22]. Besides, it cannot be ruled out that some of the HPV–negative

women had a false negative HPV test result.

Fig 2. Absolute risks of CIN3+ and CIN2+ among HPV–negative women (pooled study groups) stratified for previous test result, after up to 3 screening

rounds (14 years). Panels (A) to (C) refer to endpoint CIN3+ ((A) by previous HPV test, (B) by previous cytology test, (C) by previous co-test) and include a

dotted line at 1% CIN3+ corresponding to the informal Dutch threshold for the next screening time point; panels (D) to (F) refer to endpoint CIN2+ ((D) by

previous HPV test, (E) by previous cytology test, (F) by previous co-test). Values embedded in the plots represent the 14-year risk among HPV–negative

women (overall; blue line) and the 9-year risk among HPV–negative women with a previous positive test (yellow line). In panel (B), the blue line is not visible

due to the overlap with the red line. CIN2/3+, cervical intraepithelial neoplasia grade 2/3 or worse; HPV, human papillomavirus.

https://doi.org/10.1371/journal.pmed.1004115.g002
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This study builds on a small body of literature on the long-term risk among screen-negative

women in the context of HPV-based screening. Our absolute risk estimates in HPV–negative

women are in concordance with other studies showing that a negative HPV test result is asso-

ciated with a low long-term risk of cervical (pre)cancer [1–3,16,23–27]. A previous post-hoc

analysis of the POBASCAM cohort with 13 years of follow-up [9] showed a CIN3+ risk after a

negative HPV result slightly higher than ours (0.56% versus 0.48%), but women were on aver-

age 5 years younger. On the basis of that long-term risk analysis [9] and supported by model-

ing studies [28,29], a risk-based extension was implemented in the Dutch HPV program in

2017 by extending the screening interval from 5 to 10 years for women aged 40 or 50 years old

with a negative HPV test. Our study showed that a more precise risk assessment is possible

when taking into account information of the previous screening round. The absolute CIN3+

risk after negative HPV results in both current and previous round is similar to that after an

HPV–negative result in the current round. This means that a previous negative HPV result is

not likely to change recommendation. However, the CIN3+ risk among HPV–negative

women increased from 0.48% to 2.36% when the previous round HPV result was positive.

This translates into a 10-year CIN3+ risk above the 1% CIN3+ risk that is currently used as an

informal threshold for the next screening time point. Therefore, a previous positive HPV result

asks for prudence and retesting after shorter interval may be needed. To our knowledge, the

KPNC cohort is the only other large cohort with follow-up after a negative HPV test in the sec-

ond HPV-based screening round. The change in CIN3+ risk that we observed when adding a

previous round negative HPV test to the current negative HPV test was similar to that in the

KPNC study reported by Castle and colleagues (2018) [10] and Egemen and colleagues (2020)

[11], but our absolute CIN3+ risks were substantially higher. Besides, we reported a larger risk

difference in case of a previous round positive HPV test than Egemen [11]. The high absolute

risks observed in our study may be related to the length of the screening interval, which is 5

years in our study and 3 years in KPNC, and we also used a longer follow-up time in our analy-

ses. Besides, 99.9% of the women in our study and 60% of the women in KPNC had a previous

co-test result. This may influence the change in CIN3+ risk obtained when adding a previous

round test result, because non-compliance to screening guidelines is a main risk factor of

CIN3+ and cervical cancer [30,31]. Therefore, our study builds on the KPNC findings by esti-

mating longer (14-year) CIN3+ risk among HPV–negative women in the setting of a random-

ized HPV-based screening trial with a 5-year screening interval.

Organized screening programs have nowadays linked digitalized screening registries and

invitation systems [32], meaning that risk factors could readily be used for risk stratification.

Such a digitalized registry has made it possible to implement a risk-based HPV program in the

Netherlands, with an extended 10-year screening interval for HPV–negative women above age

40. Our study showed that, after 2 rounds of HPV screening, the safety of an extended screening

interval is confirmed only among women who had a negative HPV test at the previous round.

Women who had a positive HPV test at the previous round may benefit from a shorter screen-

ing interval such as a 5-year interval. Since the use of different intervals for HPV–negative

women adds to the complexity of organized screening programs, it needs to be assessed whether

inclusion of previous round results is feasible and cost-effective. Such an evaluation is urgently

needed for countries like the Netherlands that have already implemented primary HPV screen-

ing and where the first women will have their second HPV screen in 2022.

Our study confirmed the safety of extending the screening interval from 5 to 10 years

among HPV–negative women who were also screen-negative at the previous round. A history

of HPV positivity, even when the current result is negative, is associated with a long-term

increased precancer risk that warrants a re-evaluation of the extended 10-year screening
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interval. Altogether, our results indicate that HPV results from multiple screening rounds

should be considered when determining the time to the next screening invitation.
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M. Meijer.

Formal analysis: Federica Inturrisi, Johannes Berkhof.

Funding acquisition: Nienke J. Veldhuijzen, Johannes Berkhof.

Investigation: Federica Inturrisi, Nienke J. Veldhuijzen, Chris J. L. M. Meijer, Johannes

Berkhof.

Methodology: Federica Inturrisi, Daniëlle A. M. Heideman, Johannes Berkhof.
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Resources: Lawrence Rozendaal, Daniëlle A. M. Heideman, Chris J. L. M. Meijer, Johannes

Berkhof.

Software: Lawrence Rozendaal, Johannes Berkhof.

Supervision: Johannes Berkhof.

Validation: Federica Inturrisi, Lawrence Rozendaal, Chris J. L. M. Meijer, Johannes Berkhof.

Visualization: Federica Inturrisi, Johannes Berkhof.

Writing – original draft: Federica Inturrisi, Johannes Berkhof.

Writing – review & editing: Federica Inturrisi, Johannes Berkhof.

References
1. Rijkaart DC, Berkhof J, Rozendaal L, van Kemenade FJ, Bulkmans NW, Heideman DA, et al. Human

papillomavirus testing for the detection of high-grade cervical intraepithelial neoplasia and cancer: final

PLOS MEDICINE Risk of cervical precancer among HPV–negative women by previous test results

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004115 October 28, 2022 12 / 14

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004115.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004115.s002
https://doi.org/10.1371/journal.pmed.1004115


results of the POBASCAM randomised controlled trial. Lancet Oncol. 2012; 13(1):78–88. https://doi.

org/10.1016/S1470-2045(11)70296-0 PMID: 22177579

2. Arbyn M, Ronco G, Anttila A, Meijer CJ, Poljak M, Ogilvie G, et al. Evidence regarding human papillo-

mavirus testing in secondary prevention of cervical cancer. Vaccine. 2012; 30(Suppl 5):F88–F99.

https://doi.org/10.1016/j.vaccine.2012.06.095 PMID: 23199969

3. Ronco G, Dillner J, Elfström KM, Tunesi S, Snijders PJ, Arbyn M, et al. Efficacy of HPV-based screening

for prevention of invasive cervical cancer: follow-up of four European randomised controlled trials. Lan-

cet. 2014; 383(9916):524–532. https://doi.org/10.1016/S0140-6736(13)62218-7 PMID: 24192252

4. Ronco G, Giorgi Rossi P, Giubilato P, Del Mistro A, Zappa M, Carozzi F. A first survey of HPV-based

screening in routine cervical cancer screening in Italy. Epidemiologia e prevenzione. 2015; 39(3 Suppl

1):77–83. PMID: 26405779

5. Huh WK, Ault KA, Chelmow D, Davey DD, Goulart RA, Garcia FA, et al. Use of primary high-risk human

papillomavirus testing for cervical cancer screening: interim clinical guidance. Gynecol Oncol. 2015;

136(2):178–182. https://doi.org/10.1016/j.ygyno.2014.12.022 PMID: 25579107

6. Aitken CA, van Agt HME, Siebers AG, van Kemenade FJ, Niesters HGM, Melchers WJG, et al. Intro-

duction of primary screening using high-risk HPV DNA detection in the Dutch cervical cancer screening

programme: a population-based cohort study. BMC Med. 2019; 17(1):228. https://doi.org/10.1186/

s12916-019-1460-0 PMID: 31829241

7. Machalek DA, Roberts JM, Garland SM, Thurloe J, Richards A, Chambers I, et al. Routine cervical

screening by primary HPV testing: early findings in the renewed National Cervical Screening Program.

Med J Aust. 2019; 211(3):113–119. https://doi.org/10.5694/mja2.50223 PMID: 31168828

8. RIVM. Cervical cancer screening programme. Available from https://www.rivm.nl/en/cervical-cancer-

screening-programme.

9. Dijkstra MG, van Zummeren M, Rozendaal L, van Kemenade FJ, Helmerhorst TJ, Snijders PJ, et al.

Safety of extending screening intervals beyond five years in cervical screening programmes with testing

for high risk human papillomavirus: 14 year follow-up of population based randomised cohort in the

Netherlands. BMJ. 2016; 355:i4924. https://doi.org/10.1136/bmj.i4924 PMID: 27702796

10. Castle PE, Kinney WK, Xue X, Cheung LC, Gage JC, Zhao FH, et al. Effect of Several Negative Rounds

of Human Papillomavirus and Cytology Co-testing on Safety Against Cervical Cancer: An Observational

Cohort Study. Ann Intern Med. 2018; 168(1):20–29. https://doi.org/10.7326/M17-1609 PMID:

29181509

11. Egemen D, Cheung LC, Chen X, Demarco M, Perkins RB, Kinney W, et al. Risk Estimates Supporting

the 2019 ASCCP Risk-Based Management Consensus Guidelines. J Low Genit Tract Dis. 2020; 24

(2):132–143. https://doi.org/10.1097/LGT.0000000000000529 PMID: 32243308

12. Bulkmans NW, Berkhof J, Rozendaal L, van Kemenade FJ, Boeke AJ, Bulk S, et al. Human papilloma-

virus DNA testing for the detection of cervical intraepithelial neoplasia grade 3 and cancer: 5-year fol-

low-up of a randomised controlled implementation trial. Lancet. 2007; 370(9601):1764–1772. https://

doi.org/10.1016/S0140-6736(07)61450-0 PMID: 17919718

13. Bulkmans NW, Rozendaal L, Snijders PJ, Voorhorst FJ, Boeke AJ, Zandwijken GR, et al. POBASCAM,

a population-based randomized controlled trial for implementation of high-risk HPV testing in cervical

screening: design, methods and baseline data of 44,102 women. Int J Cancer. 2004; 110(1):94–101.

https://doi.org/10.1002/ijc.20076 PMID: 15054873

14. Jacobs MV, Snijders PJ, van den Brule AJ, Helmerhorst TJ, Meijer CJ, Walboomers JM. A general

primer GP5+/GP6(+)-mediated PCR-enzyme immunoassay method for rapid detection of 14 high-risk

and 6 low-risk human papillomavirus genotypes in cervical scrapings. J Clin Microbiol. 1997; 35

(3):791–795. https://doi.org/10.1128/jcm.35.3.791-795.1997 PMID: 9041439

15. van den Brule AJ, Pol R, Fransen-Daalmeijer N, Schouls LM, Meijer CJ, Snijders PJ. GP5+/6+ PCR fol-

lowed by reverse line blot analysis enables rapid and high-throughput identification of human papilloma-

virus genotypes. J Clin Microbiol. 2002; 40(3):779–787. https://doi.org/10.1128/JCM.40.3.779-787.

2002 PMID: 11880393

16. Castle PE, Glass AG, Rush BB, Scott DR, Wentzensen N, Gage JC, et al. Clinical human papillomavi-

rus detection forecasts cervical cancer risk in women over 18 years of follow-up. J Clin Oncol. 2012; 30

(25):3044–3050. https://doi.org/10.1200/JCO.2011.38.8389 PMID: 22851570

17. Anderson M. Premalignant and malignant squamous lesions of the cervix. In: Wells HFM, editor.

Obstetrical and Gynaecological Pathology. 36. Fifth Edition ed. Churchill Livingstone, Edinburgh: Tay-

lor & Francis; 2004. p. 292–7.

18. Casparie M, Tiebosch AT, Burger G, Blauwgeers H, van de Pol A, van Krieken JH, et al. Pathology

databanking and biobanking in The Netherlands, a central role for PALGA, the nationwide histopathol-

ogy and cytopathology data network and archive. Cell Oncol. 2007; 29(1):19–24. https://doi.org/10.

1155/2007/971816 PMID: 17429138

PLOS MEDICINE Risk of cervical precancer among HPV–negative women by previous test results

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004115 October 28, 2022 13 / 14

https://doi.org/10.1016/S1470-2045%2811%2970296-0
https://doi.org/10.1016/S1470-2045%2811%2970296-0
http://www.ncbi.nlm.nih.gov/pubmed/22177579
https://doi.org/10.1016/j.vaccine.2012.06.095
http://www.ncbi.nlm.nih.gov/pubmed/23199969
https://doi.org/10.1016/S0140-6736%2813%2962218-7
http://www.ncbi.nlm.nih.gov/pubmed/24192252
http://www.ncbi.nlm.nih.gov/pubmed/26405779
https://doi.org/10.1016/j.ygyno.2014.12.022
http://www.ncbi.nlm.nih.gov/pubmed/25579107
https://doi.org/10.1186/s12916-019-1460-0
https://doi.org/10.1186/s12916-019-1460-0
http://www.ncbi.nlm.nih.gov/pubmed/31829241
https://doi.org/10.5694/mja2.50223
http://www.ncbi.nlm.nih.gov/pubmed/31168828
https://www.rivm.nl/en/cervical-cancer-screening-programme
https://www.rivm.nl/en/cervical-cancer-screening-programme
https://doi.org/10.1136/bmj.i4924
http://www.ncbi.nlm.nih.gov/pubmed/27702796
https://doi.org/10.7326/M17-1609
http://www.ncbi.nlm.nih.gov/pubmed/29181509
https://doi.org/10.1097/LGT.0000000000000529
http://www.ncbi.nlm.nih.gov/pubmed/32243308
https://doi.org/10.1016/S0140-6736%2807%2961450-0
https://doi.org/10.1016/S0140-6736%2807%2961450-0
http://www.ncbi.nlm.nih.gov/pubmed/17919718
https://doi.org/10.1002/ijc.20076
http://www.ncbi.nlm.nih.gov/pubmed/15054873
https://doi.org/10.1128/jcm.35.3.791-795.1997
http://www.ncbi.nlm.nih.gov/pubmed/9041439
https://doi.org/10.1128/JCM.40.3.779-787.2002
https://doi.org/10.1128/JCM.40.3.779-787.2002
http://www.ncbi.nlm.nih.gov/pubmed/11880393
https://doi.org/10.1200/JCO.2011.38.8389
http://www.ncbi.nlm.nih.gov/pubmed/22851570
https://doi.org/10.1155/2007/971816
https://doi.org/10.1155/2007/971816
http://www.ncbi.nlm.nih.gov/pubmed/17429138
https://doi.org/10.1371/journal.pmed.1004115


19. Herrero R, Hildesheim A, Bratti C, Sherman ME, Hutchinson M, Morales J, et al. Population-based

study of human papillomavirus infection and cervical neoplasia in rural Costa Rica. J Natl Cancer Inst.

2000; 92(6):464–474. https://doi.org/10.1093/jnci/92.6.464 PMID: 10716964

20. Castle PE, Schiffman M, Herrero R, Hildesheim A, Rodriguez AC, Bratti MC, et al. A prospective study

of age trends in cervical human papillomavirus acquisition and persistence in Guanacaste, Costa Rica.

J Infect Dis. 2005; 191(11):1808–1816. https://doi.org/10.1086/428779 PMID: 15871112

21. Trottier H, Mahmud S, Prado JC, Sobrinho JS, Costa MC, Rohan TE, et al. Type-specific duration of

human papillomavirus infection: implications for human papillomavirus screening and vaccination. J

Infect Dis. 2008; 197(10):1436–1447. https://doi.org/10.1086/587698 PMID: 18419547

22. Trottier H, Ferreira S, Thomann P, Costa MC, Sobrinho JS, Prado JC, et al. Human papillomavirus

infection and reinfection in adult women: the role of sexual activity and natural immunity. Cancer Res.

2010; 70(21):8569–8577. https://doi.org/10.1158/0008-5472.CAN-10-0621 PMID: 20978200

23. Ronco G, Giorgi-Rossi P, Carozzi F, Confortini M, Dalla Palma P, Del Mistro A, et al. Efficacy of human

papillomavirus testing for the detection of invasive cervical cancers and cervical intraepithelial neopla-

sia: a randomised controlled trial. Lancet Oncol. 2010; 11(3):249–257. https://doi.org/10.1016/S1470-

2045(09)70360-2 PMID: 20089449

24. Katki HA, Kinney WK, Fetterman B, Lorey T, Poitras NE, Cheung L, et al. Cervical cancer risk for

women undergoing concurrent testing for human papillomavirus and cervical cytology: a population-

based study in routine clinical practice. Lancet Oncol. 2011; 12(7):663–672. https://doi.org/10.1016/

S1470-2045(11)70145-0 PMID: 21684207

25. Kitchener HC, Gilham C, Sargent A, Bailey A, Albrow R, Roberts C, et al. A comparison of HPV DNA

testing and liquid based cytology over three rounds of primary cervical screening: extended follow up in

the ARTISTIC trial. Eur J Cancer. 2011; 47(6):864–871. https://doi.org/10.1016/j.ejca.2011.01.008

PMID: 21334200

26. Gage JC, Schiffman M, Katki HA, Castle PE, Fetterman B, Wentzensen N, et al. Reassurance against

future risk of precancer and cancer conferred by a negative human papillomavirus test. J Natl Cancer

Inst. 2014; 106(8). https://doi.org/10.1093/jnci/dju153 PMID: 25038467

27. Elfström KM, Smelov V, Johansson AL, Eklund C, Nauclér P, Arnheim-Dahlström L, et al. Long term

duration of protective effect for HPV negative women: follow-up of primary HPV screening randomised

controlled trial. BMJ. 2014; 348:g130. https://doi.org/10.1136/bmj.g130 PMID: 24435414
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