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ABSTRACT

Background: 

High-risk human papillomavirus (hrHPV) testing has a higher sensitivity for detecting cervical 
intra-epithelial neoplasia grade 3 (CIN3) and provides better protection against cervical cancer 
than cytology. To identify hrHPV positive women with CIN3 or cancer (CIN3+), triage with 
cytology and/or HPV16/18 genotyping has been proposed. For evaluating safety of extended 
screening intervals, long-term CIN3 and cancer risks are essential. We have evaluated the long-
term CIN3+ risks among hrHPV positive, triage negative women for four di�erent triage strategies 
and compared them to the CIN3+ risk of hrHPV negative and cytology negative women.

Methods: 

Fourteen years follow-up data of  a Dutch population-based randomized screening cohort 
(n= 44,938, age 29-61 years) were collected. At baseline, women were randomly assigned to 
receive HPV DNA and cytology co-testing (intervention group n= 22,420) or cytology testing 
only (control group n= 22,518). Cumulative CIN3 and cancer incidences were calculated for 
hrHPV-negative women, hrHPV-positive women with negative cytology, repeat cytology and/or 
HPV16/18 genotyping triage, and for cytology screen-negative women. Women were censored 
at the time of the last screening test. 

Findings: 

The CIN3+ and cervical cancer risks over 14 years follow-up were lower among hrHPV-negative 
than among cytology-negative women (CIN3+ risk: 0.011 vs 0.023, cancer risk: 0.0016 vs 0.0032). 
In women aged 40 and older, the 10-year CIN3+ risk after a negative hrHPV test and the 5-year 
CIN3+ risk after negative cytology were both 0.003. The CIN3+ risks among hrHPV-positive 
women with negative triage were 12.2 to 28.3 times higher than among hrHPV-negative women.

 

Interpretation: 

hrHPV-based screening provides superior long-term protection against cervical disease than 
cytology. The absolute risks of CIN3+ and cancer among hrHPV screen-negatives were low, 
justifying an extension of the screening interval beyond the current 5-year interval in the 
Netherlands, in particular for women aged 40 and older. HrHPV positive, triage negative women 
have an elevated CIN3+ risk and should be rescreened within 5 years.
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Introduction 

The �ndings from randomised clinical controlled trials have shown that primary high-risk human 
papillomavirus (hrHPV) screening is more sensitive than conventional cytology for detecting 
high-grade cervical intraepithelial neoplasia (CIN),1-7 and even cervical cancer 8-11. A reduction of 
50 percent of CIN grade 3 or worse (CIN3+) was found in the second screening round (3-5 years) 
among women after HPV-based screening compared to women after cytology screening 3;8;11-13. 

HrHPV testing, however, has a lower speci�city (2.5 - 4%) and positive predictive value (PPV) 
than cytology, resulting in over-referral and over-treatment of patients. To minimize the burden 
of screening, triage of hrHPV screen-positive women is needed.

Several triage strategies have been assessed, including cytology and/ or hrHPV genotyping 
14-18. There is not a universal, optimal triage algorithm, but several feasible algorithms can be 
identi�ed. The eventual choice depends on the population-dependent quality of cytology, 
the resources available for screening, and the weights placed on safety and screening-related 
burden. Previously, the triage strategy assessments were based on short-term CIN3+ risks, 
since triaging aims to distinguish underlying, prevalent CIN3+ from transient hrHPV infections. 
Long-term risks should, however, also be examined, as they determine the length of screening-
intervals for triage negative women. Yet, to date no long-term longitudinal data (> 5 years) on 
the cumulative CIN3 and cancer risks among hrHPV screen-positive, triage negative women 
have been published.

We analysed the �fteen-years risks of histologically con�rmed CIN3 and cervical cancer after 
primary hrHPV DNA testing at enrolment, for women aged 30 years and older, who participated 
in a population-based randomised controlled trial (the POBASCAM trial) 19. Our aim was to 
evaluate the protection against CIN3+, provided by hrHPV-based screening compared with that 
of cytology, and to establish the safety of an extension of the screening-interval beyond 5 years 
for baseline hrHPV negatives and hrHPV positive, triage negative women. 

MateriaLs and methods	

Study population 

We used long-term follow-up data from the Population-Based Screening study Amsterdam 
(POBASCAM). The study design and results have been published 1;10;18;20. In short, women between 
29-61 years of age were invited to participate in cervical screening and were randomised, either 
to the control arm, in which women were managed on the basis of cytology results, or to the 
intervention arm, in which women were managed on the basis of cytology- and hrHPV DNA 
test results. In total 44,938 women were enrolled, of whom 22,420 were randomised to the 
intervention arm and 22,518 women to the control arm; evaluation of this cohort forms the 
basis of the current study.
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Family practitioners participating in POBASCAM collected samples for a conventional cytology 
smear using a Rovers Cervex-Brushfi or a cytobrush, subsequently the brush was placed in a vial 
containing collection medium for hrHPV testing.  

Management

The management of cytology- and hrHPV DNA co-test results at baseline has been described 
previously 1;10;18. Brie�y, all hrHPV positive women with moderate dyskaryosis or worse (>BMD) 
cytology, were directly referred for colposcopy. hrHPV positive women with BMD (borderline 
or mild dyskaryosis) cytology at enrolment were advised to repeat cytology and hrHPV testing 
at 6 and 18 months. These women were referred for colposcopy at 6 months, if they had >BDM 
cytology, or BMD cytology in combination with a hrHPV positive test result, while they were 
referred at 18 months if they had >BMD cytology and/or a hrHPV positive test result. Women 
with normal cytology at baseline were also advised to repeat cytology and hrHPV testing at 6 
and 18 months. They were referred at 6 months if they had >BMD cytology, and were referred 
at 18 months if they had >BMD cytology and/or a positive hrHPV test result. At the subsequent 
screening round after 5 years, participants in both study arms, were managed according to the 
intervention group strategy, whereas at the third and following screening rounds (after 10+ 
years), all participants were managed according to the control group strategy. 

Histology 

Histological follow up was obtained from four participating laboratories, and data were also 
tracked through the nationwide pathology database (PALGA) 21, with a follow-up time of 48-
180 months. Histology was examined locally and classi�ed (in order of increasing severity) 
as no lesion found, CIN grade 1,2,3, or invasive cancer according to international criteria 22. 
Adenocarcinoma in situ was included in the CIN grade 3 group. CIN2 or CIN3 histology was 
su�cient to treat women by a loop electrosurgical excision procedure. 

High-risk Human Papillomavirus testing   

All hrHPV tests (GP5+/6+-PCR EIA ) were carried out in duplicate in the Department of Pathology 
at VU University Medical Center, without knowledge of cytology results, as described previously 
20;23. Subsequently, hrHPV positive samples were typed by a previously published reverse line 
blot assay 24.

Statistical analysis

From the POBASCAM cohort, we included women from the intervention arm with a negative 
hrHPV test at baseline, and women with a positive hrHPV test, negative cytology and one valid 
repeat cytology test. Additionally, we included women from the control arm with negative 
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cytology at enrolment. Follow-up was collected from PALGA until October 2013. The study 
accrual was between January 1999 and September 2002, so that the maximum follow-up was 14 
years and 10 months. Cytology was dichotomized, and a positive cytology result was considered 
as BMD or worse (BMD+), which corresponds to atypical squamous cells of undetermined 
signi�cance or worse (ASC-US+) in the Bethesda 2001 nomenclature. 

We compared cumulative incidence rates of CIN3+ for hrHPV negative women, cytology 
negative women, and for hrHPV positive, triage negative women, by means of Kaplan-Meier 
analyses and log-rank testing. Relative risks were estimated using Cox�s proportional hazard 
model. The chosen strategies to triage hrHPV positive women, were distilled from earlier 
studies: i) sole baseline cytology, ii) cytology followed by repeat cytology at 6 to 12 months, iii) 
cytology combined with hrHPV16/18 genotyping, and iv) cytology combined with hrHPV16/18 
genotyping followed by repeat cytology at 6 to 12 months. 

The time to CIN3+ of the negative (triage) test was set equal to the time of histological diagnosis. 
In case CIN3+ was not detected, the time to the last cytological examination was taken. Data 
were censored in case of CIN2 or hysterectomy. Secondary end-points were CIN2 or worse 
(CIN2+) and cancer. We also carried out separate analyses for age group 29-39 years and �40 
years. 

ResuLts

At enrolment, 21,346 participants in the control arm had normal cytology, while in the 
intervention arm, 20,887 participants tested negative for hrHPV. The relative CIN3+ risk among 
hrHPV negative women in the intervention group compared to that among cytology screen-
negative women in the control group was 0.48 (95% con�dence interval (CI): 0.37-0.62; p= 
<0.0001). For end-points cancer and CIN2+, the relative risks were 0.38 (95%CI: 0.18-0.70, p-value 
.007) and 0.61 (95%CI: 0.50-0.73, p= < 0.0001), respectively. 

Further, the 7 and 12 year risks of CIN3+ among hrHPV screen-negative women, were 0.0030 
(95%CI: 0.0021 - 0.0038), and 0.011 (95%CI: 0.0068 - 0.015), respectively, in comparison to 0.0063 
(95%CI: 0.0050 - 0.0075), and 0.023 (95%CI: 0.019 - 0.027), respectively, after negative cytology 
screening (Figure 1A). In Figure 1B we show the results for end-point cervical cancer: 7 and 12 
year risks were 0.0003 (95%CI: 0 - 0.0008) and 0.0016 (95%CI: 0 - 0.0034), respectively, among 
hrHPV screen-negative women, and 0.0009 (95%CI: 0.0005 - 0.0013) and 0.0032 (95%CI: 0.001 
- 0.0049), respectively, among cytology screen-negative women. For end-point CIN2+, 7 and 
12 year risks were 0.0060 (95%CI: 0.0048 - 0.0072) and 0.023 (95%CI: 0.017 - 0.028) for hrHPV 
screen-negative women and 0.010 (95%CI: 0.0080 - 0.011). and 0.044 (95%CI: 0.036 - 0.053)  for 
cytology screen-negative women. 
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Figure 1. Cumulative incidence of cervical disease over 15 years of follow-up among cytology negatives in 
the control-arm and hrHPV negatives in the intervention-arm 
a. Endpoint CIN3+
b. Endpoint cervical cancer

a.

b.



85

Figures 2A and B show the cumulative CIN3+ risks after negative screening (hrHPV testing versus 
cytology), strati�ed by two age groups: 29-39 years compared to � 40 years. In the <40 years 
cohort, the 7 and 12 year CIN3+ risks were 0.009 (95%CI: 0.007 � 0.012) and 0.031 (95%CI: 0.022 
� 0.039), respectively, after negative cytology screening, while these risks were 0.005 (95%CI: 
0.003 � 0.006) and  0.019 (95%CI: 0.011 - 0.027), respectively, following a negative hrHPV test 
(Figure 2A). In the � 40 years cohort, the 7 and 12 year CIN3+ risks were 0.003 (95%CI: 0.002 
- 0.005), and 0.016 (95%CI: 0.008 - 0.024) after negative cytology, while these risks were 0.002 
(95%CI: 0.001 -0.002) and  0.003 (95%CI: 0.002 - 0.004) following a negative hrHPV test (Figure 
2B). Thus, the absolute CIN3+ risks among hrHPV negative women in the intervention group 
compared to that among cytology screen-negative women in the control group were lower in 
the older age group (� 40 years). This age-related e�ect was not shown for the relative CIN3+ 
risks after negative screening in the two randomization groups. The relative CIN3+ risk was 0.486 
(95%CI: 0.359 - 0.657, p= < .00001) for the age group 29-39 years, and 0.474 (95%CI: 0.288 - 
0.779, p=  0.0026) among women � 40 years of age. 

Finally, we have evaluated, in the intervention group, the long-term CIN3+ and cancer risks 
among hrHPV positive women following negative triage, where we considered four di�erent 
strategies involving cytology, possibly in combination with HPV16/18 genotyping. The impact 
of negative triage at baseline on cumulative CIN3+ is shown in Figure 3 for all triage strategies. 
Additionally, to assess the safety of an extension of the screening-interval beyond 5 years for 
these women, we contrasted the results with the long-term CIN3+ risks among hrHPV screen-
negatives. The cumulative CIN3+ risk was signi�cantly higher among hrHPV positive women 
with normal cytology at baseline, than among baseline hrHPV negative participants (RR: 28.3 
(95%CI: 20.9-38.4; p= <0.00001)). Cervical cancer risks were also signi�cantly di�erent for the 
two groups (RR: 12.0 (95%CI: 3.8-38.2; p= <0.000001)).

Furthermore, compared to hrHPV screen-negatives, the relative CIN3+ risk for baseline hrHPV 
positive women was,  21.6 (95%CI: 14.6-32.0; p= <.00001) after negative baseline- and follow-
up cytology triage, and, 15.1 (95%CI: 9.9-22.9; p= <.00001) after negative baseline cytology 
and HPV16/18 genotyping triage, while this was 12.2 (95%CI: 6.9-21.5; p= <.00001) for hrHPV 
positive women after negative baseline cytology and HPV16/18 genotyping , in combination 
with negative follow-up cytology triage. Regardless of which of these triage strategies was used, 
the cervical cancer risks following negative triage were not signi�cantly di�erent from those 
among hrHPV screen-negatives. 
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Figure 2. Cumulative incidence of CIN3+ over 15 years of follow-up among cytology negatives in the 
control-arm and hrHPV negatives in the intervention-arm, strati�ed by age group
a. Women 29-39 years of age
b. Women aged 40 years or older

a.

b.
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Figure 3. Cumulative incidence of CIN3+ over 15 years of follow-up among hrHPV positive, triage negative 
women compared to baseline hrHPV screen-negatives

Discussion  

Our �fteen-year follow-up of the POBASCAM trial, with data of three subsequent screening 
rounds, provided us with an opportunity to obtain generalizable data on the e�ect of primary 
hrHPV screening on the cumulative risk of future CIN3 and cervical cancer. This study is the �rst 
to report on �fteen-years follow-up data of a large screening-population, in which participants 
were managed on the basis of both their cytology- and hrHPV DNA test results. Hence, it 
provides a unique opportunity to evaluate the actual long-term risk of future CIN3 and cervical 
cancer among hrHPV positive, triage negative women.

Our �ndings on the long-term protective e�ect of hrHPV screening are consistent with 
previously reported data 8;11-13;25-28, indicating that hrHPV-based screening provides better 
protection against cervical disease than cytology screening. Interestingly, our data on triage 
of hrHPV screen-positives, showed that regardless of which strategy was used, the long-term 
CIN3 and cervical cancer risks among hrHPV positive, triage negative women was at least ten 
times higher than those among hrHPV screen-negative women. This was true, even for baseline 
hrHPV positive participants who had normal cytology at baseline and at follow-up testing (RR: 
21.6 (95%CI: 14.6-32.0). Apparently, these strategies are very useful to distinguish between 
hrHPV positive women with transient infections, and those with an actual risk of having a CIN3+ 
lesion, who should be referred for colposcopy. Yet, the triage strategies do not o�er additional 
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reassurance against future CIN3 or cervical cancer over a longer period of follow-up. These 
results indicate that, the residual risk of acquiring cervical disease among screen-positive, triage 
negative women is too high to justify an extension of the screening interval beyond 5 years. 
Recently, a US study evaluating the value of 3-yearly hrHPV and cytology co-testing to identify 
women at high risk of CIN3+, also concluded that hrHPV positive women with normal cytology 
accrued substantial risk of CIN3+ over 5 years and thus require follow-up 25. On the contrary, 
our data showed that a single negative test for hrHPV at enrolment, was su�cient to reassure 
a woman of an extremely low risk of CIN3 and cervical cancer for at least 7 years (CIN3+ risk: 
0.0030 (95%CI: 0.0021 - 0.0038)). Additionally, the results of the analysis strati�ed by two age 
groups, showed that the risk of CIN3+ among women of 40 years and older, was about the same 
at 10 years for women who tested negative for hrHPV at screening (i.e., 0.003 (95%CI: 0.002 
- 0.004)), as at 7 years after a negative cytology screening test result (i.e., 0.003 (95%CI: 0.002 
- 0.005). These results demonstrate that, when primary hrHPV screening is implemented, an 
extension of the screening-interval to 10 years seems justi�ed for HPV screen-negative women 
aged 40 years and older. Recently, Elfström et al.28 also reported on the potential for extending 
the screening-interval with hrHPV-based screening. Our study, contributes longer follow-up 
time, as well as a larger number of participants, and longer screening-intervals, i.e., �ve instead 
of three years. In addition, a limitation of the Swedish study was the relatively narrow age range 
(32-38 years) of study participants, which makes generalisations to whole screening populations 
less compelling. Another study reporting on the high negative predictive value of HPV testing 
over three screening rounds is the ARTISTIC trial 26, although with less extensive follow-up (6 
years). Together, these studies provide convincing arguments in favor of using hrHPV testing 
in primary screening with an extension of the screening-interval for hrHPV screen-negatives 
beyond �ve years. 

Strong points of the current study are the large size, the long follow-up, and the older age range 
of study-participants (29-61 years), which is the age for which screening by hrHPV testing is 
most widely advocated 3;29;30. Further, the study is nested within a population-based screening 
program, indicating that results should be scalable to whole populations. In our study we took 
into account all the histology follow-up data derived from the national network of registry in 
15 years after enrollment. Finally, our long-term data fully support the recent advice of the 
Dutch Minister of health to use primary hrHPV screening to improve screening e�cacy 31. The 
implementation in the Netherlands is scheduled for 2016 and comprises primary hrHPV testing 
in �ve screening rounds, at the ages of 30, 35, 40, 50 and 60 years. Women who test positive for 
hrHPV at the age of 40, 50 or 60 years, and are negative for cytology triage at baseline and after 
6 months, will be re-screened after 5 years. 

There were also limitations to the study. Firstly, for the analysis on the impact of triage testing, 
not all of the hrHPV positives with normal cytology at baseline returned for follow-up. In total, 
66�8% completed at least one follow-up test. We corrected for loss to follow-up by extrapolating 
observed rates among subjects with at least one repeat test, to subjects without repeat testing. 
Such a procedure corrects for participants that did not attend repeat testing, but does not 
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distinguish between complete- and incomplete repeat testing. Secondly, even with correction 
for loss to follow-up, there is still a possibility of negative veri�cation bias, as only 22% of the 
attendants ultimately had biopsy veri�cation after 48 months. This e�ect is mitigated by the fact 
that a further 38�6% of hrHPV positive, cytology negative women, had at least one repeat visit, 
which showed negative cytology- and hrHPV test results. Previous studies have shown that a 
double negative co-test result is associated with an extremely low risk for CIN3+ 1;2;10;32;33. 

In summary, our results con�rm that hrHPV screen-negatives have a very low absolute long-
term CIN3+ risk, and therefore, that an extension of the screening interval beyond 5 years 
seems justi�ed. Further, the data show that the screening-interval could even be extended to 
10 years for hrHPV screen-negative women aged 40 years and older. More importantly, we show 
that regardless of which strategy was used, the long-term CIN3+ risk of hrHPV positive, triage 
negative women was too high to justify an extension of the screening-interval; these women 
should be rescreened within 5 years. 
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