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Human papillomavirus testing for the detection of 
high-grade cervical intraepithelial neoplasia and cancer: 
fi nal results of the POBASCAM randomised controlled trial
Dorien C Rijkaart, Johannes Berkhof, Lawrence Rozendaal, Folkert J van Kemenade, Nicole W J Bulkmans, Daniëlle A M Heideman, 
Gemma G Kenter, Jack Cuzick, Peter J F Snijders, Chris J L M Meijer

Summary
Background Human papillomavirus (HPV) testing is more sensitive for the detection of high-grade cervical lesions 
than is cytology, but detection of HPV by DNA screening in two screening rounds 5 years apart has not been assessed. 
The aim of this study was to assess whether HPV DNA testing in the fi rst screen decreases detection of cervical 
intraepithelial neoplasia (CIN) grade 3 or worse, CIN grade 2 or worse, and cervical cancer in the second screening.

Methods In this randomised trial, women aged 29–56 years participating in the cervical screening programme in the 
Netherlands were randomly assigned to receive HPV DNA (GP5+/6+-PCR method) and cytology co-testing or cytology 
testing alone, from January, 1999, to September, 2002. Randomisation (in a 1:1 ratio) was done with computer-
generated random numbers after the cervical specimen had been taken. At the second screening 5 years later, HPV 
DNA and cytology co-testing was done in both groups; researchers were masked to the patient’s assignment. The 
primary endpoint was the number of CIN grade 3 or worse detected. Analysis was done by intention to screen. The 
trial is now fi nished and is registered, number ISRCTN20781131.

Findings 22 420 women were randomly assigned to the intervention group and 22 518 to the control group; 19 999 in the 
intervention group and 20 106 in the control group were eligible for analysis at the fi rst screen. At the second screen, 
19 579 women in the intervention group and 19 731 in the control group were eligible, of whom 16 750 and 16 743, 
respectively, attended the second screen. In the second round, CIN grade 3 or worse was less common in the intervention 
group than in the control group (88 of 19 579 in the intervention group vs 122 of 19 731 in the control group; relative 
risk 0·73, 95% CI 0·55–0·96; p=0·023). Cervical cancer was also less common in the intervention group than in the 
control group (four of 19 579 in the intervention group vs 14 of 19 731; 0·29, 0·10–0·87; p=0·031). In the baseline round, 
detection of CIN grade 3 or worse did not diff er signifi cantly between groups (171 of 19 999 vs 150 of 20 106; 1·15, 
0·92–1·43; p=0·239) but was signifi cantly more common in women with normal cytology (34 of 19 286 vs 12 of 19 373; 
2·85, 1·47–5·49; p=0·001). Furthermore, signifi cantly more cases of CIN grade 2 or worse were detected in the 
intervention group than in the control group (267 of 19 999 vs 215 of 20 106; 1·25, 1·05–1·50; p=0·015). In the second 
screen, fewer HPV16-positive CIN grade 3 or worse were detected in the intervention group than in the control group 
(17 of 9481 vs 35 of 9354; 0·48, 0·27–0·85; p=0·012); detection of non-HPV16-positive CIN grade 3 or worse did not diff er 
between groups (25 of 9481 vs 25 of 9354; 0·99, 0·57–1·72; p=1·00). The cumulative detection of CIN grade 3 or worse 
and CIN grade 2 or worse did not diff er signifi cantly between study arms, neither for the whole study group (CIN grade 3 
or worse: 259 of 19 999 vs 272 of 20 106; 0·96, 0·81–1·14, p=0·631; CIN grade 2 or worse: 427 of 19 999 vs 399 of 20 106; 
1·08, 0·94–1·24; p=0·292), nor for subgroups of women invited for the fi rst time (CIN grade 3 or worse in women aged 
29–33 years: 102 of 3139 vs 105 of 3128; 0·97, 0·74–1·27; CIN grade 2 or worse in women aged 29–33 years: 153 of 3139 
vs 151 of 3128; 1·01, 0·81–1·26; CIN grade 3 or worse in women aged 34–56 years: 157 of 16 860 vs 167 of 16 978; 0·95, 
0·76–1·18; CIN grade 2 or worse in women aged 34–56 years: 274 of 16 860 vs 248 of 16 978; 1·11, 0·94–1·32).

Interpretation Implementation of HPV DNA testing in cervical screening leads to earlier detection of clinically 
relevant CIN grade 2 or worse, which when adequately treated, improves protection against CIN grade 3 or worse and 
cervical cancer. Early detection of high-grade cervical legions caused by HPV16 was a major component of this benefi t. 
Our results lend support to the use of HPV DNA testing for all women aged 29 years and older. 

Funding Zorg Onderzoek Nederland (Netherlands Organisation for Health Research and Development).

Introduction
Infection with high-risk types of human papillomavirus 
(HPV) has a causal role in the development of cervical 
cancer.1,2 This link has stimulated the development of 
HPV DNA testing, which might be useful in primary 
cervical screening.3,4 Furthermore, prophylactic HPV16 

and HPV18 vaccines have been developed and 
introduced in many countries as a primary prevention 
method.5,6

Randomised controlled screening trials of HPV DNA 
testing7–11 have shown a decreased detection of high-
grade cervical lesions at the second screening round 
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compared with cytology alone. Although the screening 
protocols, study end points, and interval between 
screening rounds varied in these trials, the consistent 
results suggest that HPV DNA testing off ers better 
protection against high-grade cervical lesions in second 
screening rounds than do cytology-based screening 
methods. Only one study10 was large enough to also 
show protection against cervical cancer in the second 
screening round.

We present the fi nal results of the POpulation-BAsed 
SCreening study AMsterdam (POBASCAM) trial, a 
population-based, randomised controlled trial. Our 
main goal was to assess whether HPV DNA testing 
decreases detection of cervical intraepithelial neoplasia 
(CIN) grade 3 or worse, of CIN grade 2 or worse, and of 
cervical cancer, in the second screening round. 
Additionally, to assess the most appropriate age at 
which HPV DNA testing should start, we analysed 
women invited for the fi rst time (aged 29–33 years) and 
older women (34–56 years) separately. We also assessed 
how detection of high-grade lesions in two screening 
rounds was associated with particular HPV genotypes.

Methods
Study design and participants
Patients were enrolled between January, 1999, and 
September, 2002, as part of the nationwide cervical 
screening programme. In the Netherlands, women are 
invited for cervical cancer screening at 5 year intervals 
starting in the year when they reach age 30 years and 
ending in the year when they reach age 60 years. The 
design, methods, and baseline results of the trial have 
been described.7,12 Detection of neoplasia or cancer in 
the fi rst 48 months was classed as detected in the 

fi rst screening round and those detected during 
48–108 months were classed as detected in the second 
screening round. The cutoff  after 48 months was used 
because women in the Netherlands are invited for a 
new screen in the year they reach 30 years, 35 years, 
40 years, and so on. Therefore, the actual screening 
interval be tween invited smears is be tween 4 and 
6 years. Women who had a history of CIN grade 2 or 
worse, had abnormal cytology in the preceding 2 years, 
or who had had a  hysterectomy were excluded. Women 
aged 57 years or older at baseline were also excluded 
because they would not routinely receive a smear in the 
second round. All participants provided written 
informed consent. The trial was approved by both the 
Medical Ethics Committee of VU University Medical 
Centre and the Ministry of Public Health (The Hague, 
Netherlands).

Randomisation and masking
LR randomly assigned women to the intervention or 
control groups in a 1:1 ratio with computer-generated 
random numbers after the cervical specimen had been 
taken and administrative data entered into the central 
study database. Neither the molecular technicians nor 
the cytotechnicians had access to the central study 
database, and so were unaware of a patient’s assignment. 
Women in the intervention group were given their HPV 
DNA and cytology result and managed accordingly. For 
the control group, the patients and all medical personnel 
were masked to the HPV DNA test results. At the 
second screening round, women in both groups were 
managed according to their newly obtained HPV DNA 
and cytological test results. In both groups pathologists 
were aware of the cytology result but not of the HPV 

Normal or BMD Moderate dyskaryosis or worse

Cytology and high-risk 
HPV testing at 6 months

Cytology and high-risk HPV 
testing at 18 months

Colposcopy and biopsy

Normal cytology and 
high-risk HPV positive

Normal or BMD, and high-risk 
HPV negative

Moderate dyskaryosis or worse, 
or high-risk HPV positive

Second screening round Colposcopy and biopsy

Normal or BMD high-risk 
HPV negative

Moderate dyskaryosis or worse, 
or BMD high-risk HPV positive

Cytology and high-risk 
HPV testing at 6 months

Cytology and high-risk HPV 
testing at 18 months

Colposcopy and biopsy
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or high-risk HPV positive
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Colposcopy and biopsy
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Figure 1: Management of women in the intervention group at the fi rst screening round
In the second screening round women in both groups were managed in the same way as the intervention group were in the fi rst screening round. BMD=borderline or mild dyskaryosis. 
HPV=human papillomavirus.
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result. CIN (CIN grade 1 or worse) biopsies were 
reviewed by two experienced cervical pathologists (FJvK 
and LR) who were masked to the HPV and cytology 
results.

Procedures
Women were screened at baseline with either combined 
HPV DNA testing and cytology or cytology alone.12 At 
the second screening round 5 years later, all women 
were screened with both HPV DNA testing and cytology 
so that we could detect high-grade CIN and cancer cases 
in the control group that we would otherwise have 
missed with cytology alone.

Conventional cytological smears were taken with a 
Cervex-Brush (Rovers, Oss, Netherlands) or a cytobrush. 
The brush was placed in a vial containing 5 mL 
phosphate-buff ered saline for HPV DNA testing. Cy-
tology results were read according to the CISOE-A 
classifi cation,13 which can be roughly converted to the 
2001 Bethesda system.14 Cytological results were 
grouped as normal, borderline or mild dyskaryosis, or 
moderate dyskaryosis or worse. In the 2001 Bethesda 
system, borderline or mild dyskaryosis corresponds to 
atypical squamous cells of unknown clinical 
signifi cance, atypical squamous cells and cannot rule 
out high-grade squamous intraepithelial lesions, low-
grade squamous intraepithelial lesions, or atypical 
glandular cells. Moderate dyskaryosis or worse 
corresponds to both squamous and glandular high-
grade intraepithelial lesions.

HPV DNA testing was done by general primer 
(GP5+/6+) PCR enzyme immunoassay,15 which detects 
14 high-risk types (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 
56, 58, 59, 66, and 68). Positive specimens were typed 
by reverse line blotting.16

Figure 1 shows how patients were managed, in 
accordance with Dutch guidelines,13,17 and has been 
described in detail previously.7 Of the women who were 
referred for colposcopy, colposcopy-directed biopsies of 
suspicious parts of the cervix were taken for histological 
examination, according to standard procedures in the 
Netherlands.18 Colposcopies were not registered, 
therefore, data of registered biopsy rates were used to 
estimate the number of gynaecological tests.

Histology was examined locally and classifi ed as 
normal, CIN grade 1, 2, 3, or invasive cancer, according 
to inter national criteria.19,20 Glandular intraepithelial 
neoplasia grade 1, 2, and 3 were included in their 
respective CIN categories. In the analyses presented 
here, the original diagnoses were used. Cytology and 
histology results were retrieved from the nationwide 
registry of histopathology and cytopathology results 
and, when necessary, from individual laboratory 
records. The reviewed histological results for biopsies 
of CIN grade 1 or worse are shown in the appendix.

The primary outcome measure was histologically 
confi rmed CIN grade 3 or worse, with a primary 

endpoint of the number of CIN grade 3 or worse 
detected. The secondary outcome measures were 
cervical cancer and CIN grade 2 or worse. Cervical 
cancer included squamous cell carcinoma, 
adenocarcinoma, and adenosquamous cell carcinoma; 
adenocarcinoma in situ were included in the CIN 
grade 3 group.

Statistical analysis
The main analyses included all randomly assigned 
women and were done by intention to screen. The 
overall number of CIN grade 3 or worse identifi ed in 
each group was calculated for the fi rst screening round, 
the second screening round, and the two rounds 
combined. For the second round, we included only 
those women who did not have CIN grade 2 or worse at 
baseline and who were eligible for subsequent 
screening, because those with CIN 2 or worse were 
managed according to current treatment protocols. 
When enrolment was complete all women had the 
opportunity of 108 months of follow-up. Events after 
108 months were not included. Because HPV DNA 
prevalence decreases with age and CIN grade 2 or worse 
can spontaneously regress in young women, we 

Figure 2: Trial profi le
HPV=human papillomavirus. CIN2+=cervical intraepithelial neoplasia grade 2 or worse. *The major reason for women 
not to be enrolled in our study was lack of time for general practitioners to explain the objectives of the study. 
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See Online for appendix
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analysed women invited for the fi rst time (aged 
29–33 years) and older women (34–56 years) separately 
to assess the most appropriate age at which HPV DNA 
testing should start.

Reason for smear test was not recorded in the 
nationwide registry of histopathology and cytopathology 
results. The contribution of opportunistic screening 
in women with a negative screening test at baseline 
was estimated by the proportion of women who had an 
additional smear before receiving a new invitation 
after 5 years. Diff erences in detection between the 
groups were calculated with Fisher’s exact test. All 

p values are two-sided. Analyses were done with SPSS 
version 12.0.

A study size of 44 000 was calculated to be suffi  ciently 
large to detect (with 80% power) a signifi cant diff erence in 
the number of lesions CIN grade 3 or worse between 
groups at the second screen after borderline or mild 
dyskaryosis at baseline. The sample size was also suffi  cient 
to show a decrease at the second round of CIN grade 3 or 
worse lesions in women in the intervention group who 
had normal cytology at baseline compared with women in 
the control group who had normal cytology at baseline. 
For the power calculations, we assumed that 84·5% of the 

Intervention group Control group

Total CIN0/1 CIN2 CIN3 Cervical 
cancer

Total CIN0/1 CIN2 CIN3 Cervical 
cancer

Baseline screen

Inadequate cytology

HPV DNA positive 2 0 1 0 0 0 0 0 0 0

HPV DNA negative 31 1 0 0 0 27 2 0 0 0

Normal cytology

HPV DNA positive 724 48 31 29 2 766 9 6 9 1

HPV DNA negative 18 562 218 7 3 0 18 607 233 4 2 0

Borderline or mild dyskaryosis

HPV DNA positive 185 29 24 34 3 192 30 25 29 1

HPV DNA negative 330 28 3 3 1 335 22 2 5 0

Moderate dyskaryosis or worse

HPV DNA positive 146 11 26 87 5 160 20 24 93 4

HPV DNA negative 19 6 4 3 1 19 4 4 6 0

Total 19 999 341 96 159 12 20 106 320 65 144 6

Subsequent screen

Inadequate cytology

HPV DNA positive 0 0 0 0 0 2 0 0 0 0

HPV DNA negative 21 0 0 0 0 27 0 0 0 0

No HPV DNA test 21 2 0 0 0 23 0 0 0 0

Normal

HPV DNA positive 284 18 10 9 1 272 26 14 14 0

HPV DNA negative 8941 98 6 1 0 8811 107 3 1 0

No HPV DNA test 7025 134 14 1 1 7108 162 7 2 1

Borderline or mild dyskaryosis

HPV DNA positive 67 20 9 12 0 77 16 12 15 1

HPV DNA negative 129 7 1 2 0 118 9 2 0 1

No HPV DNA test 164 23 14 7 0 200 22 9 11 1

Moderate dyskaryosis or worse

HPV DNA positive 31 3 5 20 0 41 0 6 27 3

HPV DNA negative 8 2 3 1 0 6 0 0 4 0

No HPV DNA test 59 10 10 26 2 58 8 9 29 4

No screening test* 2829 52 0 5 0 2988 59 0 5 3

Total 19 579 369 72 84 4 19 731 409 62 108 14

Both screens

Total 19 999 710 168 243 16 20 106 729 127 252 20

Cases detected by opportunistic screening are also included. CIN3=cervical intraepithelial neoplasia grade 3. CIN2=cervical intraepithelial neoplasia grade 2. CIN0/1=cervical 
intraepithelial neoplasia grade 0 or 1. *Women who had no second round smear recorded.

Table 1: Cervical intraepithelial neoplasia and cervical cancers at baseline screen and subsequent screen



Articles

www.thelancet.com/oncology   Published online December 15, 2011   DOI:10.1016/S1470-2045(11)70296-0 5

baseline smears were cytologically normal, that 14% of the 
baseline smears were borderline or mild dyskaryosis, and 
that 4% of the normal and 15% of the borderline or mild 
dyskaryosis smears were positive for HPV DNA. The 
prevalences of CIN grade 3 or worse in the second screen 
were assumed to be 0·4% and 0·9% for women with 
normal cytology and borderline or mild dyskaryosis at 
baseline, respectively. Furthermore, the relative risk of 
HPV DNA for CIN grade 3 or worse in the subsequent 
round was assumed to be 13, which is the lower bound of 
the 95% CI reported in a previous study,21 which provided 
a con servative estimate for the required sample size. The 
study was not powered to detect a diff erence in CIN 
grade 3 or worse at baseline. This trial is registered as an 
International Standard Randomised Controlled Trial, 
ISRCTN20781131.

Role of the funding source
The sponsors had no role in study design, data 
collection, data analysis, data interpretation, or writing 
of the report. The corresponding author had full access 
to all the data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
Figure 2 shows the trial profi le. The median age at 
recruitment was 40·0 years (IQR 34·0–49·0 years) in 
both groups. For women without CIN grade 2 or worse, 
the median time since last cytological results was 
5·0 years (4·4–5·5). Compliance to follow-up testing 

(at least one repeat smear) was higher in the control 
group (477 of 527 patients [91%]) than in the intervention 
group (1007 of 1239 patients [81%]). The diff erence in 
com pliance was related to baseline cytology. In the 
inter vention group, 456 of 515 (89%) women with 
borderline or mild dyskaryosis at baseline, and 551 of 
724 (76%) with normal cytology and a positive high risk 
HPV test complied with follow-up.

Attendance for the second screen was not signifi cantly 
diff erent between groups (16 750 of 19 579 [86%] patients 
in the intervention group vs 16 743 of 19 731 [85%] in the 
control group). Compliance to follow-up testing did not 
diff er signifi  cantly between groups—539 (84%) of 
644 patients in the intervention group and 564 (85%) of 
667 in the control group complied. Attendance at the 
second screen of cytologically negative, HPV DNA 
positive women was much the same in the intervention  
and control groups (553 of 724 [76%] women vs 588 of 
766 [77%] women). 2424 of 18 562 (13%) women who 
were negative at baseline in the intervention group and 
2542 of 19 373 (13%) women who were negative at 
baseline in the control group had an additional smear 
before receiving a new invitation after 5 years 
(opportunistic screening). Table 1 shows the number of 
cervical lesions by study group, in relation to cytological 
and HPV DNA results at the fi rst and second screens. 
Positive HPV DNA (masked in the control group) and 
abnormal cytology at baseline were much the same for 
the intervention and control groups.12 The number of 
CIN grade 0 or 1 detected at the fi rst and second screens 

Intervention group (n [%; 95% CI]) Control group (n [%; 95% CI]) Intervention vs control

Risk diff erence (95% CI) Relative risk (95% CI) p value

Baseline screen*

Cervical cancer 12 (0·06%; 0·03–0·11) 6 (0·03%; 0·01–0·07) 0·03% (–0·01 to 0·07) 2·01 (0·76 to 5·36) 0·166

CIN3 or worse 171 (0·86%; 0·73–1·00) 150 (0·75%; 0·63–0·88) 0·11% (–0·07 to 0.28) 1·15 (0·92 to 1·43) 0·239

CIN3 159 (0·80%; (0·68–0·93) 144 (0·72%; 0·61–0·85) 0·08% (–0·09 to 0·25) 1·11 (0·89 to 1·39) 0·387

CIN2 or worse 267 (1·34%; 1·18–1·51) 215 (1·07%; 0·93–1·22) 0·27% (0·05 to 0·48) 1·25 (1·05 to 1·50) 0·015

CIN2 96 (0·48%; 0·39–0·59) 65 (0·32%; 0·25–0·41) 0·16% (0·03 to 0·28) 1·48 (1·09 to 2·04) 0·014

Subsequent screen†

Cervical cancer 4 (0·02%; 0·01–0·06) 14 (0·07%; 0·04–0·12) –0·05% (–0·09 to –0·01) 0·29 (0·10 to 0·87) 0·031

CIN3 or worse 88 (0·45%; 0·36–0·56) 122 (0·62%; 0·52–0·74) –0·17% (–0·31 to –0·03) 0·73 (0·55 to 0·96) 0·023

CIN3 84 (0·43%; 0·34–0·53) 108 (0·55%; 0·45–0·66) –0·12% (–0·26 to 0·02) 0·78 (0·59 to 1·04) 0·096

CIN2 or worse 160 (0·82%; 0·70–0·96) 184 (0·93%; 0·81–1·08) –0·12% (–0·30 to 0·07) 0·88 (0·71 to 1·08) 0·234

CIN2 72 (0·37%; 0·29–0·47) 62 (0·31%; 0·24–0·41) 0·05% (–0·06 to 0·17) 1·17 (0·83 to 1·65) 0·387

Both screens*

Cervical cancer 16 (0·08%; 0·05–0·13) 20 (0·10%; 0·06–0·16) –0·02% (–0·08 to 0·04) 0·80 (0·42 to 1·55) 0·617

CIN3 or worse 259 (1·30%; 1·15–1·46) 272 (1·35%; 1·20–1·52) –0·06% (–0·28 to 0·17) 0·96 (0·81 to 1·14) 0·631

CIN3 243 (1·22%; 1·07–1·38) 252 (1·25%; 1·11–1·42) –0·04% (–0·25 to 0·18) 0·97 (0·81 to 1·16) 0·752

CIN2 or worse 427 (2·14%; 1·94–2·35) 399 (1·98%; 1·80–2·19) 0·15% (–0·13 to 0·43) 1·08 (0·94 to 1·24) 0·292

CIN2 168 (0·84%; 0·72–0·98) 127 (0·63%; 0·53–0·75) 0·21% (0·04 to 0·38) 1·33 (1·06 to 1·68) 0·017

*n=19 999 in the intervention group, n=20 106 in the control group. †n=19 579 in the intervention group, n=19 731 in the control group. CIN3=cervical intraepithelial 
neoplasia grade 3. CIN2=cervical intraepithelial neoplasia grade 2.

Table 2: Occurrences of high-grade disease
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was similar in the intervention and control groups. 
Most CIN grade 0 or 1 were detected after a negative 
fi rst screen whereas most CIN grade 2 or 3, and cancer 
cases were detected after a positive fi rst screen.

In the intervention group, 12 cancers (one adeno-
carcinoma and 11 squamous cell carcinomas) and fi ve 
adenocarcinomas in situ were identifi ed in the fi rst 
screen; in the second screen, four cancers (one 
adenocarcinoma and three squamous cell carcinomas) 
and one adenocarcinoma in situ were identifi ed. In the 
control group, six cancers (two adenocarcinomas and 
four squamous cell carcinomas) and fi ve 
adenocarcinomas in situ were identifi ed at the fi rst 
screen; 14 cancers (two adenocarcinoma and 12 
squamous cell carcinomas) and four adenocarcinomas 
in situ were identifi ed in the second screen.

Table 2 shows the number of high-grade cervical 
lesions in each group at fi rst and second screens. For 
the fi rst screen, detection of CIN grade 3 or worse did 

not diff er signifi cantly in the intervention group 
compared with the control group (p=0·239). 
Additionally, the number of cervical cancer cases did 
not diff er signifi cantly between the intervention and 
control groups (p=0·166). However, signifi cantly more 
CIN grade 2 or worse were detected at baseline in the 
intervention group than in the control group (p=0·015). 
In the second screen, fewer CIN grade 3 or worse and 
cervical cancers were recorded in the intervention 
group than in the control group (p=0·023 and p=0·031, 
respectively). However, there was no signifi cant 
diff erence in detection of CIN grade 2 or worse in the 
intervention group compared with the control group in 
the second screen (p=0·234). When combining both 
rounds, the detection rates in the intervention and 
control groups were much the same for CIN grade 2 or 
worse, CIN grade 3 or worse, and for cervical cancer 
(table 2). However, over two screening rounds, a third 
more CIN grade 2 were recorded in the intervention 
group than in the control group (table 2). 

In the fi rst screen, two cancers in the intervention 
group were missed by HPV DNA testing but had 
abnormal cytology (in patients aged 32 years with FIGO 
IB1 and aged 54 years with FIGO IA1). Three cervical 
cancers were missed by cytology testing (one patient 
aged 36 years and two patients aged 44 years, all three 
with FIGO IB1), but tested positive for HPV DNA. Five 
cervical cancers were diagnosed after borderline or mild 
dyskaryosis cytology (in patients aged 30 years with 
FIGO IB1, 32 years with FIGO IB1, 35 years with IB1, 
40 years FIGO with 1B1, and 50 years with IA1), which 
could have been missed if patients were not followed 
up correctly. Only one woman who developed cervical 
cancer (aged 59 years with FIGO IB1) had a negative 
HPV DNA test at the second screen. She was also HPV 
negative in the fi rst screen.

For women positive for high-risk HPV, with normal 
cytology at fi rst screen, the number of high-grade 
lesions diff ered between the intervention and control 
group in both fi rst and second screens (table 3). These 
women also have a substantial risk of CIN grade 3 or 
worse in the second screen in the intervention and 
control groups. At fi rst screen, CIN grade 3 or worse 
was not signifi cantly diff erent between the intervention 
and control groups for women with moderate 
dyskaryosis or worse (96 of 165 women vs 103 of 179; 
RR 1·01, 95% CI 0·84–1·21; p=0·9) and for women 
with borderline or mild dyskaryosis (41 of 515 women vs 
35 of 527; 1·20, 0·78–1·85; p=0·5). However, more CIN 
grade 3 or worse lesions were detected in women with 
normal cytology in the intervention group than in the 
control group (34 of 19 286 patients vs 12 of 19 373; 2·85, 
1·47–5·49; p=0·001). At the second screen, excluding 
women who had CIN grade 2 or worse, or who had 
hysterectomy at baseline, numbers of CIN grade 3 or 
worse were not signifi cantly diff erent between study 
groups in women with baseline moderate dyskaryosis 

  First screen Second screen

Total Cervical 
cancer

CIN3 CIN2 Cervical 
cancer

CIN3 CIN2

Intervention group

Inadequate cytology

HPV positive 2 0 0 1 0 0 0

HPV negative 31 0 0 0 0 0 1

Normal cytology

HPV positive 724 2 29 31 0 36 20

HPV negative 18 562 0 3 7 2 36 40

Borderline or mild dyskaryosis

HPV positive 185 3 34 24 1 9 8

HPV negative 330 1 3 3 0 1 2

Moderate dyskaryosis or worse

HPV positive 146 5 87 26 1 2 1

HPV negative 19 1 3 4 0 0 0

Total 19 999 12 159 96 4 84 72

Control group

Inadequate cytology

HPV positive 0 0 0 0 0 0 0

HPV negative 27 0 0 0 0 0 0

Normal cytology

HPV positive 766 1 9 6 8 57 18

HPV negative 18 607 0 2 4 4 32 36

Borderline or mild dyskaryosis

HPV positive 192 1 29 25 0 13 5

HPV negative 335 0 5 2 0 2 2

Moderate dyskaryosis or worse

HPV positive 160 4 93 24 2 3 1

HPV negative 19 0 6 4 0 1 0

Total 20 106 6 144 65 14 108 62

CIN3=cervical intraepithelial neoplasia grade 3. CIN2=cervical intraepithelial neoplasia grade 2.

Table 3: Cervical cancers and high grade intraepithelial neoplasia by test results in the fi rst and second 
screen rounds
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or worse (three of 39 vs six of 48; 0·61, 0·16–2·30; 
p=0·7) and in women with baseline borderline or mild 
dyskaryosis (11 of 443 vs 15 of 461; 0·75, 0·35–1·62; 
p=0·6). However, CIN grade 3 or worse diff ered between 
groups in women with normal cytology at the fi rst 
screen (74 of 19 066 vs 101 of 19 196; 0·74, 0·55–0·99; 
p=0·049).

The cumulative number of CIN grade 3 or worse 
lesions detected over two screening rounds was much 
the same for both study groups in women with moderate 
dyskaryosis or worse at baseline (99 of 165 vs 109 of 179; 
0·99, 0·83–1·17), women with borderline or mild 
dyskaryosis at baseline (52 of 515 vs 50 of 527; 1·06, 
0·74–1·54), and women with normal cytology at baseline 
(108 of 19 286 vs 113 of 19 373; 0·96, 0·74–1·25). 
Furthermore, the cumulative number of CIN lesions of 
grade 3 or worse over two screening rounds was 
signifi cantly lower for women who tested negative for 
HPV DNA at baseline in the intervention group than 
for those who had normal cytology at baseline in the 
control group (50 of 18 942 vs 113 of 19 373; 0·45, 
0·32–0·63). Use of CIN grade 2 or worse as an outcome 
measure gave much the same result (107 of 18 942 vs 
177 of 19 373; 0·62, 0·49–0·79). Use of reviewed 
histological results did not give diff erent results 
(appendix).

373 of 3139 (12%) women aged 29–33 years in the 
intervention group and 379 of 3128 (12%) women aged 
29–33 years in the control group had HPV DNA at 
baseline (p=0·786). By contrast, HPV at baseline was 
detected in 684 of 16 860 (4%) women in the intervention 
group aged 34–56 years and in 739 of 16 978 (4%) of 
women in the control group aged 34–56 years (p=0·176). 
152 of 3139 (5%) women in the intervention group aged 
29–33 years at baseline had biopsy samples taken, 
compared with 
129 of 3128 (4%) women in the control group aged 
29–33 years. In women aged 34–56 years, baseline 
screen biopsy samples were taken from 456 of 16 860 
(3%) patients in the intervention group and 407 of 
16 978 (2%) in the control group. 712 of 3136 (23%) 
women aged 29–33 years in the intervention group had 
repeat screening test or histology, or both, after the 
baseline round compared with 554 of 3128 (18%) in the 
control group. In women aged 34–56 years, follow-up 
was 3100 of 16 860 (18%) in the intervention group and 
2887 of 16 978 (17%) in the control group. If women 
with a negative fi rst screen were not counted in the 
numerator, follow-up among women aged 29–33 years 
was 355 of 3139 (11%) in the intervention group and 172 
of 3128 (5%) in the control group, for women aged 
34–56 years follow-up was 843 of 16 860 (5%) in the 
intervention group and 497 of 16 978 (3%) in the control 
group. For the two screening rounds combined, the two 
study groups did not diff er signifi cantly for CIN grade 3 
or worse and CIN grade 2 or worse for both women 
aged 29–33 and those aged 34–56 (fi gure 3). The ratio of 

CIN grade 3 or worse detection between the intervention 
and control groups was 0·97 (102 of 3139 vs 105 of 3128; 
95% CI 0·74–1·27) for women aged 29–33 years and 
0·95 (157 of 16 860 vs 167 of 16 978; 0·76–1·18) for 
women aged 34–56 years. Ratios for CIN grade 2 or 
worse were 1·01 (153 of 3139 vs 151 of 3128; 0·81–1·26) 
and 1·11 (274 of 16 860 vs 248 of 16 978; 0·94–1·32) for 
women aged 29–33 years and 34–56 years, respectively.

Finally, we compared the number of CIN grade 3 or 
worse and CIN grade 2 or worse at fi rst and second 
screens for HPV16-positive and HPV16-negative women 
(table 4). We only included women with a valid HPV 
DNA test result. Individual HPV types other than 
HPV16 were not analysed separately because of their 
low prevalence in cervical lesions. For the fi rst screen in 
the intervention group 101 (59%) of 171 of the CIN 
grade 3 worse and 135 (51%) of 267 of the CIN grade 2 
or worse lesions were HPV16 positive. In women with 
normal cytology, 23 (68%) of 34 of CIN lesions of 
grade 3 or worse were HPV16 positive and in women 
with abnormal cytology, 78 (57%) of 137 of CIN grade 3 
or worse lesions were HPV16 positive. In the second 
screen, fewer HPV16-positive CIN grade 3 or worse 
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were detected in the intervention group than in the 
control group (17 of 9481 vs 35 of 9354; RR 0·48, 95% CI 
0·27–0·85; p=0·012) whereas detection of non-HPV16-
positive CIN grade 3 or worse did not diff er (25 of 
9481 vs 25 of 9354; 0·99, 0·57–1·72; p=1·00). The 
proportion of HPV16 in HPV-positive CIN grade 3 or 
worse and grade 2 or worse lesions was also lower in 
the intervention group than in the control group but 
the positivity ratio was not signifi cantly diff erent for 
either CIN grade 3 or worse (17 of 42 vs 35 of 60, 0·69; 
0·45–1·06; p=0·08) or for CIN grade 2 or worse (23 of 
66 vs 42 of 92; 0·76, 0·51–1·14; p=0·17).

Discussion
Our results showed that fewer CIN lesions of grade 3 or 
worse and cervical cancer were detected during second 

screens in women who were screened for HPV DNA in 
combination with cytology at fi rst screen than those 
who had cytology alone. Furthermore, the value of HPV 
DNA testing is lent support by the fi nding that women 
who tested negative for HPV DNA in the fi rst screen 
had signifi cantly fewer CINs of grade 3 or worse 
detected over two screening rounds than did women 
with normal cytology at baseline. These fi ndings accord 
with previously reported data.4,7–11 However, our study 
has longer follow-up than other studies did because the 
screening interval in the Netherlands is longer than 
that in other countries (5 years vs 3 years). This 
diff erence is important because it enables us to assess 
whether a cervical lesion is persistent or regressive. Our 
study also suggests that HPV screening does not have 
to be postponed until age 36 years or older but can be 
started at age 30 years because the cumulative two 
screen detection of CIN of grade 3 or worse and grade 2 
or worse did not diff er between women aged 29–33 years 
and women older than 33 years. Moreover, we showed 
that early detection of high-grade cervical lesions caused 
by HPV16 was a major component of the benefi t of 
adding high-risk HPV testing to cytology.

The interim analysis of 17 155 women from this trial 
did not show a signifi cant diff erence between the 
intervention and control groups in the number of 
cervical cancers detected at the second screening 
round.7 Our fi nal analysis of the whole population was 
large enough to identify a signifi cant diff erence in the 
number of cervical cancers in the intervention group 
versus the control group at the second screen. Such an 
eff ect on cervical cancer in the second screening round 
because of HPV DNA testing has only been shown in 
one previous trial.10 The investigators reported no 
cervical cancer in the second screen in 47 369 women 
screened by HPV DNA testing, whereas nine cervical 
cancers were recorded in 47 001 women in the control 
group. Reduced mortality from cervical cancer because 
of primary HPV DNA testing was also shown in a trial 
in India.22 34 deaths from cervical cancer occurred in 
the HPV DNA testing group (34 126 women) compared 
with 64 in the control group (31 488 women).

The decreased relative risks of CIN grade 3 or worse 
and cervical cancer in the second screening round 
occurred after an increase in relative detection of CIN 
grade 2 or worse in the baseline screen in the 
intervention group compared with the control group. 
By contrast with our interim fi ndings,7 we failed to show 
a signifi cant diff erence in the detection of CIN grade 3 
or worse in the fi rst screen in the whole study 
population. However, our study was powered to detect a 
signifi cant diff erence in the number of CIN grade 3 or 
worse at the second round rather than at the fi rst screen. 
Also, in some other randomised trials no signifi cant 
diff erence in detection of CIN grade 3 or worse at the 
fi rst screen occurred after HPV DNA testing, despite 
decreased detection of CIN grade 3 or worse in the 

Total number of women CIN3+ CIN2+

Intervention group

First screen

HPV16 333 (32%) 101 (63%) 135 (56%)

Inadequate 1 (0%) 0 1 (0%)

Normal 202 (19%) 23 (14%) 36 (15%)

BMD 55 (5%) 22 (14%) 30 (12%)

>BMD 75 (7%) 56 (35%) 68 (28%)

Other HPV type 724 (68%) 59 (37%) 107 (44%)

Inadequate 1 (0%) 0 (0%) 0 (0%)

Normal 522 (49%) 8 (5%) 26 (11%)

BMD 130 (12%) 15 (9%) 31 (13%)

>BMD 71 (7%) 36 (23%) 50 (21%)

Second screen

HPV16 100 (26%) 17 (40%) 23 (35%)

Normal 70 (18%) 6 (14%) 10 (15%)

BMD 19 (5%) 4 (10%) 5 (8%)

>BMD 11 (3%) 7 (17%) 8 (12%)

Other HPV type 282 (74%) 25 (60%) 43 (65%)

Normal 214 (56%) 4 (10%) 10 (15%)

BMD 48 (13%) 8 (19%) 16 (24%)

>BMD 20 (5%) 13 (31%) 17 (26%)

Control group

Second screen

HPV16 99 (25%) 35 (58%) 42 (46%)

Normal 53 (14%) 7 (12%) 10 (11%)

BMD 24 (6%) 8 (13%) 11 (12%)

>BMD 22 (6%) 20 (33%) 21 (23%)

Other HPV type 293 (75%) 25 (42%) 50 (54%)

Inadequate 2 (1%) 0 (0%) 0 (0%)

Normal 219 (56%) 7 (12%) 18 (20%)

BMD 53 (14%) 8 (13%) 17 (18%)

>BMD 19 (5%) 10 (17%) 15 (16%)

Data are n (%). CIN3+=cervical intraepithelial neoplasia grade 3 or worse. CIN2+=cervical intraepithelial neoplasia grade 
2 or worse. BMD=borderline or mild dyskaryosis 

Table 4: HPV types at baseline and subsequent screens and number of HPV-positive CIN grade 3 or worse 
and CIN grade 2 or worse detected
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second screening round.8,9 When we stratifi ed our 
analysis on the basis of baseline cytology, we did not 
note a signifi cant diff erence in the occurrence of CIN 
grade 3 or worse in women with borderline or mild 
dyskaryosis or moderate dyskaryosis or worse but report 
a signifi cant diff erence in the number of CIN grade 3 or 
worse in women with normal cytology. The latter 
fi nding matches our expectations because no additional 
testing was recommended for women in the control 
group with baseline normal cytology. The extra CIN 
grade 3 or worse cases detected by HPV DNA testing 
compared with cytology are the main benefi t of using 
HPV DNA testing for primary screening. The failure to 
detect a relative diff erence in the occurrence of CIN 
grade 3 or worse could be related to the decision to 
change the cytological classifi cation criteria in 1996, 
whereas the study was powered by cytological results 
collected earlier. Notably, the use of more stringent 
criteria for borderline or mild dyskaryosis and moderate 
dyskaryosis or worse resulted in a decrease of borderline 
or mild dyskaryosis in the Netherlands, from 11% in 
1999 to 3% in 2004.13 This explains the low occurrence 
of CIN grade 3 or worse in women with borderline or 
mild dyskaryosis compared with other studies. The 
cumulative number of women with CIN grade 3 or 
worse and grade 2 or worse over both screening rounds 
did not diff er substantially between study groups, which 
lends support to the idea that HPV DNA testing leads 
to earlier detection of clinically relevant high-grade 
lesions that, with the exception of a small number of 
CIN grade 2 lesions, do not regress.

An important issue is the age at which HPV DNA 
testing should be off ered in primary screening. 
HPV DNA prevalence is age dependent,23,24 therefore 
HPV DNA testing in young women might have a 
diff erent risk–benefi t ratio to HPV DNA testing in older 
women. Ronco and colleagues10 reported that HPV DNA 
testing in women aged 25–34 years could lead to 
substantial overdiagnosis of regressive CIN grade 2 or 
worse lesions, particularly when HPV DNA positive 
women in this age group are directly referred for 
colposcopy without further triage testing. Our results 
suggest that with the triage algorithm used in this trial 
HPV DNA testing in women aged 29–33 years does not 
result in excessive diagnosis of lesions destined to 
regress and lends support to the implementation of 
HPV DNA testing in programmed cervical screening 
starting at age 30 years.

The protective eff ect against CIN grade 3 or worse in 
the second screen in the intervention group was largely 
attributable to HPV16. HPV16 is the main genotype 
present in cervical cancer, hence, the early detection of 
HPV16-associated CIN grade 3 lesions is expected to 
eventually have an eff ect on long-term outcomes such 
as cancer morbidity and mortality. However, our study 
was not large enough to provide detailed information 
about the eff ect of other, non-HPV16 types, in the fi rst 

and second screening round. This investigation needs a 
pooled analysis of many screening studies, which is 
being done (pooling Swedscreen, NTCC, and data from 
this study).8,10

Variation in histological classifi cation of cervical 
lesions between individual centres might be a limitation 
of our study. However, we believe that the use of the 
original diagnosis closely matches treatment guidance 
and mimics future implementation of HPV DNA 
testing in population-based screening programmes. 
Moreover, use of histological classifi cation obtained 
after review by two experienced cervical pathologists, 
although leading to more CIN grade 2 or worse and 
CIN grade 3 or worse diagnoses, did not change our 
conclusions.

A strength of our study is the large size of the trial 
and the longitudinal design. We included all cytology 
and histological follow-up data derived from the 
nationwide registry within 9 years after the fi rst screen. 

Panel: Research in context

Systematic review
This trial was designed in 1997, when no data about performance of HPV testing in 
population-based screening existed. The design was based on several fi ndings. First, HPV 
prevalence data obtained by general primer PCR in women with normal cervix, cervical 
intraepithelial neoplasia (CIN) grade 1–3 and cervical cancer26 led to the hypothesis that HPV 
testing by general primer PCR could be used for cervical cancer screening.27 After 
improvement of our fi rst generation general primer PCR by elongation of the primers and 
addition of an easy readout,15  to allow high-throughput HPV detection, we applied this 
GP5+/6+ general primer PCR in case-control studies,  showing that high-risk HPV was present 
in nearly all cervical carcinomas.28 Analysis of normal cervical scrapings of women who later 
developed cervical cancer showed that the same HPV type as that in the carcinoma could be 
found in the preceding normal smear.29 A subsequent prospective study on a gynaecological 
outpatient population showed that the presence of a persistent HPV infection in women with 
an abnormal smear was associated with progressive CIN disease.30,31 For the design of the 
POBASCAM trial the Dutch health council, an independent advisory body of the government, 
required that the study be done in the setting of the nationwide screening programme, which 
has a screening interval of 5 years, which is why the results are only now available.

Interpretation
The fi nal results accord with those of similar randomised controlled trials that used shorter 
screening intervals, such as Swedscreen,8 ARTISTIC,9 and NTCC,10 as well as those of our 
interim analysis,7 showing that HPV testing signifi cantly reduces detection of CIN grade 3 or 
worse in the second screening round relative to conventional cytology. Additionally, as was 
the case in the NTCC trial, the fi nal POBASCAM data also show that HPV screening protects 
against cervical cancer better than does cytology alone. By contrast with other studies, CIN 
was diagnosed by pathologists in daily routine practice rather than by a reviewed diagnosis, 
to study the performance of HPV screening in a routine population-based setting. Review 
of CIN diagnoses did not aff ect the results of the study. As such, the study can be classed as 
an implementation study. Furthermore, the long screening interval as used in POBASCAM 
allows assessment of whether a cervical lesion is persistent or regressive. Our study also 
lends support to the notion that HPV screening does not have to be postponed until 
patients reach age 35 years but can be implemented at age 30 years because the cumulative 
detection of CIN grade 3 or worse and CIN grade 2 or worse across two screening rounds 
does not diff er between women aged 29–33 years and women 34 years or older.
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