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Human papillomavirus DNA testing for the detection of 
cervical intraepithelial neoplasia grade 3 and cancer: 5-year 
follow-up of a randomised controlled implementation trial 
N W J Bulkmans, J Berkhof, L Rozendaal, F J van Kemenade, A J P Boeke, S Bulk, F J Voorhorst, R H M Verheijen, K van Groningen, M E Boon, 
W Ruitinga, M van Ballegooijen, P J F Snijders, C J L M Meijer

Summary
Background Tests for the DNA of high-risk types of human papillomavirus (HPV) have a higher sensitivity for cervical 
intraepithelial neoplasia grade 3 or worse (CIN3+) than does cytological testing, but the necessity of such testing in 
cervical screening has been debated. Our aim was to determine whether the eff ectiveness of cervical screening 
improves when HPV DNA testing is implemented.

Methods Women aged 29–56 years who were participating in the regular cervical screening programme in the 
Netherlands were randomly assigned to combined cytological and HPV DNA testing or to conventional cytological 
testing only. After 5 years, combined cytological and HPV DNA testing were done in both groups. The primary 
outcome measure was the number of CIN3+ lesions detected. Analyses were done by intention to treat. This trial is 
registered as an International Standard Randomised Controlled Trial, number ISRCTN20781131.

Findings 8575 women in the intervention group and 8580 in the control group were recruited, followed up for 
suffi  cient time (≥6·5 years), and met eligibility criteria for our analyses. More CIN3+ lesions were detected at baseline 
in the intervention group than in the control group (68/8575 vs 40/8580, 70% increase, 95% CI 15–151; p=0·007). The 
number of CIN3+ lesions detected in the subsequent round was lower in the intervention group than in the control 
group (24/8413 vs 54/8456, 55% decrease, 95% CI 28–72; p=0·001). The number of CIN3+ lesions over the two 
rounds did not diff er between groups.

Interpretation The implementation of HPV DNA testing in cervical screening leads to earlier detection of CIN3+ 
lesions. Earlier detection of such lesions could permit an extension of the screening interval.

Introduction 
The implementation of organised cervical screening by 
cytological testing with a call and recall system has 
lowered the incidence of cervical cancer considerably.1–5 
However, the sensitivity of cytological testing for cervical 
intraepithelial neoplasia grade 3 and cervical cancer 
(CIN3+) is only moderate and this is compensated for by 
frequent screening.6 High-risk types of human 
papillomavirus (HPV) are the causative agents for cervical 
cancer and improvements in the eff ectiveness of the 
cervical screening programme could be achieved by 
testing for the DNA of high-risk types of HPV as a 
primary screening tool. Several longitudinal studies have 
shown that being positive for the DNA of high-risk types 
of HPV is a predictor of cervical dysplasia in women 
without cytological abnormality,7–9 and screening cohort 
studies have shown that HPV DNA testing has a higher 
sensitivity than does cytological testing for detecting 
cervical lesions, albeit at the cost of a slightly lower 
specifi city.10–15 Moreover, variability of HPV DNA testing, 
both between and within laboratories, is lower than that 
of cytological testing.11 Because of the increased sensitivity 
of HPV DNA testing, the combined use of cytological 
and HPV DNA testing with Hybrid Capture 2 (Digene 
Corporation, Gaithersburg, MD, USA) in screening has 
been approved by the US Food and Drug Administration 

for women aged 30 years and over.16 However, whether 
the long-term eff ectiveness of cervical screening is 
improved when HPV DNA testing is implemented is 
unknown. At present, several randomised controlled 
trials are under way to assess the use of HPV DNA testing 
as a primary screening tool.17–22 The aim of the Population 
Based Screening Study Amsterdam (POBASCAM) trial 
was to assess prospectively whether primary HPV DNA 
testing is more eff ective than cytological testing in the 
setting of a regular screening programme. Here, we 
present results from the fi rst 17 155 of the 44 938 women 
enrolled in the POBASCAM trial.

Methods
Patients and procedures
POBASCAM is a population-based randomised controlled 
implementation trial to assess the eff ectiveness of cervical 
screening with HPV DNA testing combined with 
cytological testing (intervention group) compared with 
conventional cytological testing only (control group, HPV 
DNA test results blinded). The trial was done within the 
regular Dutch nationwide screening programme that 
invites women aged 30–60 years to be screened every 
5 years. The design, methods, and baseline results of the 
trial have been described previously.23 Briefl y, between 
January, 1999, and September, 2002, women invited for 
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the regular cervical screening programme were asked to 
participate in the POBASCAM trial. Women were eligible 
if they lived in a defi ned semi-urbanised region to the 
southwest of Amsterdam and if they were willing and 
able to give written informed consent for the study. 
Women were excluded if they had a history of cervical 
intraepithelial neoplasia grade 2 or worse (CIN2+) or 
abnormal cytological test results in the preceding 2 years, 
if they had undergone hysterectomy, or if they were aged 
57 years or over at baseline

Eligible women were randomly assigned in a 1:1 manner 
by use of computer generated random numbers to the 
intervention or control group 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 consequently were unaware of assignment 
to either the intervention or control group. HPV DNA 
test results were automatically updated in the central 
study database. For women in the control group, the user 
interface did not show HPV DNA test results, but instead 
stated that they were blinded, to ensure that even the 
operator of the central study database had no access to 
the HPV DNA status of women assigned to the control 
group. 

Women assigned to the intervention group were advised 
at baseline and subsequent rounds according to both 
cytological testing and HPV DNA results. Women with 
moderate dyskaryosis or worse (high-grade squamous 
intraepithelial lesions according to the 2001 Bethesda 
system)24 were immediately referred to colposcopy, 
irrespective of the HPV DNA result. Women with normal 
cytological results and a negative HPV DNA test were 
recalled at the subsequent screening round (after 5 years). 
Repeat testing after 6 and 18 months was advised to 
women with normal cytological results and a positive 
HPV DNA test, and to women with borderline or mild 
dyskaryosis (corresponding to atypical squamous cells of 
undetermined signifi cance; atypical squamous cells, 
cannot rule out high-grade squamous intraepithelial 
lesions; or low-grade squamous intraepithelial lesions on 
the 2001 Bethesda system).24 Women with borderline or 
mild dyskaryosis at baseline were referred to colposcopy 
at 6 months if the repeat test result was borderline 
dyskaryosis or worse and HPV DNA positive, or moderate 
dyskaryosis or worse, whereas women with normal 
cytological results and a positive HPV DNA test at baseline 
were only referred to colposcopy at 6 months if the repeat 
test result was moderate dyskaryosis or worse. Women 
were also referred to colposcopy if the second repeat 
smear at 18 months was HPV DNA positive or cytological 
results were moderate dyskaryosis or worse. Women with 
cytological results that were borderline or mild dyskaryosis 
or better and were HPV DNA negative at 18 months were 
recalled at the subsequent screening round. 

Women assigned to the control group were advised at 
the baseline round according to the current guidelines 

for cervical screening in the Netherlands.24,25 Advice was 
given on the basis of cytological results alone (HPV DNA 
test result blinded). As in the intervention group, women 
with cytological results of moderate dyskaryosis or worse 
were immediately referred to colposcopy. Women with 
normal cytological results were recalled at the subsequent 
screening round after 5 years, and women with 
borderline or mild dyskaryosis were advised to repeat 
the tests after 6 and 18 months. If one of those repeat 
tests was abnormal, women were referred to colposcopy. 
Women with normal cytological results after 6 and 
18 months were recalled at the subsequent screening 
round. At the subsequent screening round, women were 
managed according to the screening protocol for the 
intervention group—ie, by combined HPV DNA and 
cytological testing.

  
49 220 women eligible

49 938 women enrolled

18 403 women enrolled and ≥6·5 years of
follow-up by February, 2007

9196 women in the intervention group
advice based on cytological and
HPV DNA test result

621 women excluded
3 hysterectomy

89 moderate dyskaryosis or worse
within preceding 2 years

529 aged ≥57 years at baseline

8575 women eligible at baseline
68 CIN3+ at baseline round

162 women not eligible for subsequent round
98 CIN2+ at baseline round
64 hysterectomy at baseline round

8413 women eligible at subsequent round
Advice based on cytological and
HPV DNA test result
1526 did not attend
6887 attended subsequent round

24 CIN3+ at subsequent round

8456 women eligible at subsequent round
Advice based on cytological and
HPV DNA test result
1618 did not attend
6838 attended subsequent round

54 CIN3+ at subsequent round

124 women not eligible for subsequent round
63 CIN2+ at baseline round
61 hysterectomy at baseline round

8580 women eligible at baseline
40 CIN3+ at baseline round

627 women excluded
4 hysterectomy

89 moderate dyskaryosis or worse
within preceding 2 years

534 aged ≥57 years at baseline

9207 women in the control group
advice based on cytological results:
HPV DNA test result blinded

26 535 women enrolled but with <6·5 years
of follow-up by February, 2007

4282 women not enrolled

Figure 1: Trial profi le
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Conventional cytological smears were taken with a 
Cervex-Brush (Rovers, Oss, Netherlands) or a cytobrush. 
The brush was placed in a vial containing phosphate-
buff ered saline for HPV DNA testing. Cervical smears 
were classifi ed, blinded to the HPV DNA testing results, 
according to the CISOE-A (National Proforma reporting 
on Composition, Infl ammation, Squamous, Other and 
endometrium, and Endocervical cylindrical epi thelium, 
and Adequacy) classifi cation used in the Netherlands. 
The results can easily be converted into the Bethesda 
system.24 Cytological results were grouped as normal, 
borderline or mild dyskaryosis, and moderate dyskyaryosis 
or worse.

Detection of HPV DNA was done, blinded to cytological 
results, by GP5+/6+ PCR followed by enzyme immunoassay 
detection of 14 high-risk types (ie, HPV types 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) with a cocktail of 
oligonucleotide probes.26 Validation of this assay and 
inter-method and intra-method comparisons have been 
described previously.27,28 Participants and all medical per-
sonnel involved—ie, general practitioners, cyto technicians, 
gynaecologists, and pathologists—were blinded to the 
HPV DNA results of women in the control group.

Colposcopically directed biopsies were taken for 
histological examination from suspected areas on the 
cervix according to standard procedures in the 
Netherlands.29,30 Histological examination was done 
locally and classifi ed as cervical intraepithelial neoplasia 
grade 0, 1, 2, or 3, or as invasive cancer, according to 
international criteria.31,32 Confi rmation of CIN3+ 
diagnosis by two independent pathologists gave high 
concordance with the original CIN3+ diagnoses (97%). 
The original diagnoses were used in the analyses. 
Cytological and histological results were identifi ed 
through the nationwide network and registry of 
histopathology and cytopathology in the Netherlands 
(PALGA; Belga, Netherlands). 

The primary outcome measure was the number of 
histologically confi rmed CIN3+ lesions detected. 

The trial was approved by both the Medical Ethics 
Committee of the VU University Medical Centre 
(no 96/103) and the Ministry of Public Health (VWS 
no 328650). All women gave written informed consent. 

Statistical analysis
The main analyses were done by intention to treat. 
Although CIN3+ was used as primary endpoint, we 
repeated the calculations with CIN2+ as the endpoint 
because treatment of CIN2 is normal clinical practice. 
In the calculation of the number of CIN3+ and CIN2+ 
lesions, cases of adenocarcinoma in situ and 
adenocarcinoma were included. Overall numbers of 
CIN3+ identifi ed in the intervention and control group 
were calculated for the baseline screening round, the 
subsequent screening round, and the two rounds 
combined. For the subsequent round, we included only 
those women who had not reached CIN2+ and were 
eligible for subsequent screening. Each woman was 
followed for at least 6·5 years to cover the full period of 
two screening rounds plus possible repeat calls at 6 and 
18 months. To account for variation around the targeted 
screening interval length of 5 years, CIN3+ cases 
detected during the period 0–48 months were labelled 
as CIN3+ cases detected at the baseline round whereas 
CIN3+ cases detected at a later time were labelled as 
CIN3+ cases detected at the subsequent round. The 
5-year risk of CIN3+ after a negative test result was 
calculated as the cumulative risk of CIN3+ over two 
screening rounds. Both crude and adjusted risks were 
calculated. Adjusted CIN3+ risks were obtained by 
adjusting for women who did not attend the subsequent 
round and women who did not attend repeat testing 
during the subsequent round. The adjusted risks were 
calculated from a decision tree. Separate nodes were 
defi ned for the cytological outcomes at the subsequent 
round. In this way, the risk of CIN3+ was adjusted for 
loss to follow-up, even when the degree of loss to 
follow-up depended on cytological results.33

The number of referrals to colposcopy and the number 
of CIN3+ lesions per referral were also calculated. 
Diff erences between the two screening strategies in the 
number of CIN3+ lesions and number of referrals were 
examined by χ² tests. Analyses were done with SPSS 
version 12.0. 

The study size of 44 000 women enrolled in the entire 
trial was powered to detect a diff erence in the number of 
CIN3+ lesions in the subgroups of women with a smear 

Intervention group Control group

Total Tested for 
HPV DNA

HPV DNA 
positive*

Total Tested for 
HPV DNA

HPV DNA 
positive*

Inadequate 9 (0·1%) 9 0 (0%) 12 (0·1%) 11 0 (0%)

Normal 8331 (97·2%) 8260 280 (3·4%) 8330 (97·1%) 8261 279 (3·4%)

Borderline or mild dyskaryosis 179 (2·1%) 174 58 (33·3%) 184 (2·1%) 184 61 (33·2%)

Moderate dyskaryosis or worse 56 (0·7%) 56 48 (85·7%) 54 (0·6%) 53 45 (84·9%)

Total 8575 (100%) 8499 386 (4·5%) 8580 (100%) 8509 385 (4·5%)

Data are n (%) or n. Analyses included women eligible for the subsequent round. *For each cytology category, proportion of women with an HPV DNA positive test result 
among those with an available HPV DNA test result.

Table 1: Cytological and HPV DNA test results at baseline round
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that showed borderline or mild dyskaryosis.23 Overall, a 
sample size of 18 000 enrolled women was suffi  cient to 
achieve a power of 80% to show a three times decrease in 
the number of CIN3+ lesions at the subsequent round 
when comparing women in the intervention group with 
those in the control group. This calculation was based on 
the assumption that, in women with normal cytological 
results, the relative risk of developing CIN3+ associated 
with a positive HPV DNA test was at least 13 (lower 
bound 95% CI).34

This trial is registered as an International Standard 
Randomised Controlled Trial, with the number 
ISRCTN20781131.

Role of the funding source
The funding source 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 
Between January, 1999, and September, 2002, 44 938 women 
were randomly assigned to the intervention or control 
group. By February, 2007, 18 403 women had completed 
the required follow-up of 6·5 years. 1248 women (621 in 
the intervention group and 627 in the control group) were 
not eligible for analyses and further analyses were based 
on an intervention group of 8575 women and a control 
group of 8580 women (fi gure 1).

Median follow-up time was 7·2 (range 6·5–8·5) years 
and median age was 41·0 (range 29–56) years; neither 
median follow-up time nor median age diff ered between 
the intervention and control group (data not shown). 
Baseline results for cytological and HPV DNA tests did 
not diff er between groups (table 1). Of the women who 
were eligible for screening at the subsequent round and 
had not reached CIN2+, 82% (6887/8413) women in the 
intervention group and 81% (6838/8456) in the control 
group attended subsequent screening (fi gure 1). 
Attendance rates were not signifi cantly diff erent between 
groups. In the baseline round, 82% (376/459) of the 
women in the intervention group and 94% (173/184) of 

the women in the control group who were advised to 
attend repeat testing showed up at least once for repeat 
testing. In the subsequent round, attendance rates for at 
least one repeat test were 78% (186/237) in the intervention 
group and 85% (207/243) in the control group. 
58% (268/459) of the women in the intervention group 

Intervention group Control group 

Total Tested for 
HPV DNA

HPV DNA 
positive*

Total Tested for 
HPV DNA

HPV DNA 
positive*

Inadequate 24 (0·3%) 14 0 (0%) 24 (0·4%) 18 0 (0%)

Normal 6697 (97·2%) 4421 109 (2·5%) 6633 (97·0%) 4356 112 (2·6%)

Borderline or mild dyskaryosis 128 (1·9%) 94 27 (28·7%) 131 (1·9%) 83 25 (30·1%)

Moderate dyskaryosis or worse 38 (0·6%) 18 14 (77·8%) 50 (0·7%) 27 21 (77·8%)

Total 6887 (100%) 4547 150 (3·3%) 6838 (100%) 4484 158 (3·5%)

Data are n (%) or n. Analyses included women eligible for the subsequent round. *For each cytology category, proportion of women with an HPV DNA positive test result 
among those with an available HPV DNA test result.

Table 2: Cytological and HPV DNA test results at subsequent round

CIN2 CIN3 ACIS AdCa SCC CIN3+ CIN2+

Intervention group

Baseline round (n=8575) 30 60 3 1 4 68 (0·8, 0·6–1·0) 98 (1·1, 0·9–1·4)

Subsequent round (n=8413*) 15 22 0 0 2 24 (0·3, 0·2–0·4) 39 (0·5, 0·3–0·6)

Both rounds (n=8575) 45 82 3 1 6 92 (1·1, 0·9–1·3) 137 (1·6, 1·4–1·9)

Control group

Baseline round (n=8580) 23 37 1 1 1 40 (0·5, 0·4–0·6) 63 (0·7, 0·6–0·9)

Subsequent round (n=8456*) 20 44 3 2 5 54 (0·6, 0·5–0·8) 74 (0·9, 0·7–1·1)

Both rounds (n=8580) 43 81 4 3 6 94 (1·1, 0·9–1·3) 137 (1·6, 1·4–1·9)

Data are n or n (%, 95% CI). ACIS=adenocarcinoma in situ. AdCa=adenocarcinoma of endocervical epithelium. 
CIN2=cervical intraepithelial neoplasia grade 2; CIN3=cervical intraepithelial neoplasia grade 3. SCC=squamous cell 
carcinoma. *Women were excluded when they had reached the endpoint CIN2+ or had undergone hysterectomy 
during the baseline round. 

Table 3: Number of CIN3+ and CIN2+ detected 
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and 66% (122/184) of the women in the control group 
completed repeat testing in the baseline round. In the 
subsequent round, the corresponding fi gures were 
52% (123/237) and 53% (128/243). The proportion of 
women without abnormalities at baseline who repeated 
the smear before receiving a repeat invitation after 5 years 
(opportunistic screening) was 21% (1690/7980) in the 
intervention group and 21% (1776/8330) in the control 
group. As in the baseline round, cytological and HPV 
DNA results at the subsequent round did not diff er 
between women in the intervention group and those in 
the control group (table 2). 66% (9031/13 725) of the 
women who attended the subsequent round had an HPV 
DNA test result. 

Table 3 shows the overall number of CIN3+ lesions 
detected during the baseline and subsequent screening 
round in the intervention and control groups. In the 
baseline round, the number of detected CIN3+ was 70% 
(95% CI 15–151, p=0·007) higher in the intervention 
group than in the control group; at the subsequent round, 
the number of CIN3+ lesions in the intervention group 
was 55% (28–72, p=0·001) lower than in the control 
group. The number of CIN3+ lesions detected over both 

rounds was similar in both study groups (p=0·89). The 
time after baseline at which the CIN3+ cases were 
diagnosed are shown in fi gure 2. Most lesions in the 
baseline round were found in the fi rst year. Few lesions 
were detected in years 3 and 4. The number of CIN3+ 
lesions peaked again in year 6, refl ecting the 5-year 
screening interval. 

Table 4 shows the number of CIN3+ lesions stratifi ed 
for cytological and HPV DNA test results during the 
baseline and subsequent screening rounds. No signifi cant 
diff erences between the groups were seen in the number 
of CIN3+ lesions detected over two rounds for women 
with normal cytological results, borderline or mild 
dyskaryosis, and moderate dyskaryosis or worse at 
baseline. For women with normal cytological results at 
baseline, the number of CIN3+ lesions detected was 
higher in the intervention group than in the control 
group during the baseline round (p=0·005) and lower 
during the subsequent round (p=0·001). For CIN3+ cases 
detected at the subsequent screening round and preceded 
by a normal smear at the baseline round, abnormal 
cytological rates were 85% (95% CI 62–97) in the 
intervention group and 83% (70–93) in the control group. 

Intervention group
Baseline cytological and HPV DNA testing

Control group
Baseline cytological and HPV DNA testing

Normal Borderline or mild 
dyskaryosis

Moderate 
dyskaryosis or worse

Total Normal Borderline or mild 
dyskaryosis

Moderate 
dyskaryosis or worse

Total

HPV DNA 
positive

HPV DNA 
negative

HPV DNA 
positive

HPV DNA 
negative

HPV DNA 
positive

HPV DNA 
negative

HPV DNA 
positive

HPV DNA 
negative

HPV DNA 
positive

HPV DNA 
negative

HPV DNA 
positive

HPV DNA 
negative

Baseline round

CIN3+ detected 13 2* 14 0 36 3 68 1* 2* 8 1 28 0 40

CIN2+ detected 25 4* 21 2 41 5 98 2* 5* 15 1 37 3 63

Subsequent round

CIN3+ detected 12 8 3 0 1 0 24 32 16 5 0 1 0 54

After normal cytology/
HPV DNA positive

0 0 0 0 0 0 0 5 0 1 0 0 0 6

Borderline dyskaryosis or 
worse/HPV DNA positive

5 3 2 0 0 0 10 17 3 0 0 1 0 21

Borderline dyskaryosis or 
worse/HPV DNA negative

1 1 0 0 0 0 2 2 3 0 0 0 0 5

Borderline dyskaryosis or 
worse/no HPV DNA result

4 3 1 0 1 0 9 7 8 4 0 0 0 19

Other† 2 1 0 0 0 0 3 1 2 0 0 0 0 3

CIN2+ detected 15 18 5 0 1 0 39 38 25 7 2 1 1 74

After normal cytology/
HPV DNA positive

0 2 1 0 0 0 3 5 3 1 0 0 0 9

Borderline dyskaryosis or 
worse/HPV DNA positive

6 7 2 0 0 0 15 19 5 1 0 1 0 26

Borderline dyskaryosis or 
worse/HPV DNA negative

1 1 0 0 0 0 2 2 3 0 0 0 0 5

Borderline dyskaryosis or 
worse/no HPV DNA result

6 6 2 0 1 0 15 10 11 4 1 0 1 27

Other† 2 2 0 0 0 0 4 2 3 1 1 0 0 7

*CIN3+ and CIN2+ cases also include cases that were found by opportunistic screening, this explains the reported cases found after negative test results. †Includes women without an indication for follow-up or 
referral—ie, normal HPV DNA negative, normal without HPV DNA test result, inadequate cytology, no cytological result. 

Table 4: Number of CIN3+ and CIN2+ detected, stratifi ed for cytological and HPV DNA test results
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Of the CIN3+ cases in the control group identifi ed at the 
subsequent round, 70% (56–82) were HPV DNA positive 
at the baseline round. 3% (2/68) of the CIN3+ cases in 
the intervention group and 8% (3/40) of the cases in the 
control group were found during the baseline round after 
negative DNA test result(s).

The 5-year cumulative risk of CIN3+ lesions per woman 
screened was 0·1% (95% CI 0·1–0·2, adjusted for loss to 
follow-up) after a combined negative HPV DNA and 
cytological result at baseline (table 5). This risk was lower 
than that for women found to be cytologically negative 
but who were not tested for HPV DNA (0·8%, 95% CI 
0·6–1·0, adjusted for loss to follow-up). Post-hoc analyses 
showed that, after a negative HPV DNA result at baseline, 
the 5-year cumulative risk of CIN3+ was 0·2% (0·1–0·3, 
adjusted for loss to follow-up). 

We compared the effi  ciency of the two screening 
strategies by calculating the number of referrals to 
colposcopy and the number of CIN3+ lesions for 
women referred to colposcopy during the baseline 
round (table 6). In the baseline round, the number of 
referrals was higher in the intervention group than in 
the control group (p<0·0001) but the number of CIN3+ 
lesions per referral was similar in both study 
groups (p=0·90). The biopsy rate was also similar in the 
two study groups (p=0·40). Furthermore, in the 
intervention group, the number of referrals was lower 
at the subsequent round than during the baseline 

round (p<0·0001). In the subsequent round, the 
number of referrals in the intervention group was 
signifi cantly lower than in the control group (p=0·003). 
The number of CIN3+ lesions per referral was slightly 
lower in the intervention group than in the control 
group (p=0·03).

We repeated the analyses with CIN2+ as the endpoint, 
and the results were similar to those with CIN3+ as the 
endpoint (tables 3–6). In particular, the number of detected 
CIN2+ lesions was 56% (95% CI 14–113, p=0·006) higher 
in the intervention group than in the control group and, at 
the subsequent round, the number of cases of CIN2+ in 
the intervention group was 47% (95% CI 22–64, p=0·001) 
lower than in the control group. In women with normal 
cytological results, the diff erences between groups in 
terms of the number of CIN2+ lesions detected were 
signifi cant both at the baseline and subsequent round 
(p=0·001 and p=0·002, respectively). Furthermore, no 
diff erences between study groups were found in the 
number of CIN2+ lesions over both screening rounds for 
women with normal cytological results, borderline or mild 
dyskaryosis, or moderate dyskaryosis or worse at baseline. 

In the women who received HPV DNA testing at 
baseline, only two invasive cases of cervical cancer were 
seen in the subsequent round, compared with seven 
cases in those who only received cytological testing at 
baseline (table 3); however, this diff erence was not 
signifi cant, since the number of cases was small.

CIN3+ CIN2+

Number Risk Number Risk

Crude Adjusted* Crude Adjusted*

Intervention group

Normal cytological results and HPV DNA negative (n=7980) 22 0·1% (0·1–0·2) 0·1% (0·1–0·2) 10 0·3% (0·2–0·4) 0·4% (0·2–0·5)

HPV DNA negative (n=8113) 29 0·2% (0·1–0·3) 0·2% (0·1–0·3) 13 0·4% (0·3–0·5) 0·5% (0·3–0·6)

Control group

Normal cytological results (n=8330) 70 0·6% (0·5–0·8) 0·8% (0·6–1·0) 51 0·8% (0·7–1·1) 1·1% (0·8–1·4)

Data are n or % (95% CI). *Adjusted for women who did not attend the subsequent round and women who did not attend repeat testing during the subsequent round.

Table 5: Cumulative number and risks of CIN3+ and CIN2+ detected over two screening rounds after a negative test at baseline

Referral Biopsy CIN3+ CIN2+

Number Rate per woman 
screened 

Number Rate per woman 
referred 

Number Rate per woman 
referred

Number Rate per woman 
referred

Intervention group

Baseline round (n=8575) 201 2·3% (2·0–2·7) 136 68% (61–74) 66 33% (27–40) 94 47% (40–54)

Subsequent round (n=6887)* 87 1·3% (1·0–1·6) 59 68% (57–77) 22 25% (17–35) 35 40% (31–51)

Control group

Baseline round (n=8580) 115 1·3% (1·1–1·6) 83 72% (63–80) 37 32% (24–41) 56 49% (40–58)

Subsequent round (n=6838)* 129 1·9% (1·6–2·2)† 90 70% (61–77) 51 40% (32–48) 67 52% (43–60)

Data are number or % per woman screened (95% CI). *Women were only included when they attended the subsequent round. †Women in the control group were in the 
subsequent round referred on the basis of the HPV DNA testing result and cytological testing resulting in a higher referral rate than in the baseline round.

Table 6: Referral rates and biopsy, CIN3+, and CIN2+ rates for women referred to colposcopy
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Discussion 
Our data show that implementation of HPV DNA testing 
in cervical screening led to a substantial increase in the 
number of CIN3+ and CIN2+ lesions detected at the 
baseline screening round. At the subsequent round, 
combined HPV DNA and cytological testing was used in 
both study groups and signifi cantly fewer CIN3+ and 
CIN2+ lesions were seen in the group of women that had 
also received HPV DNA testing at the baseline round 
than in the control group. The number of CIN3+ and 
CIN2+ over both screening rounds did not diff er between 
the study groups. These data thus indicate that the 
high-grade lesions identifi ed at the baseline round by 
HPV DNA testing are not a subset of regressive lesions, 
as has been suggested by some investigators.35 Therefore, 
our results show that implementation of HPV DNA 
testing in cervical screening leads to earlier detection of 
clinically relevant cervical lesions. On the basis of these 
data, we suggest that the current screening interval of 
5 years could be extended by at least 1 year. The extension 
will be advantageous to women because of a reduction in 
the lifetime number of screening tests and referrals.

Avoidance of unnecessary colposcopies is mandatory, 
and our data show that the management of HPV DNA 
positive smears and cytologically abnormal smears is 
equally effi  cient in terms of the number needed to refer 
to detect one case of CIN3+ (table 6). To achieve this, a 
conservative referral policy was used in which HPV DNA 
positive women without moderate or severe cytological 
abnormality were not immediately referred, but instead 
were rescreened after 6 and 18 months. Had we imple-
mented a more aggressive referral policy in which all 
women who are HPV DNA positive, cytologically positive, 
or both, were referred, the rate of referral to colposcopy 
would have been 6·0% (compared with our rate of 2·3%), 
which would increase the burden on colposcopy clinics. 
In the subsequent round, the number of referrals was 
lower in the intervention group than in the control group. 
This result should be interpreted with caution because 
HPV DNA prevalence, and therefore the number of 
referrals, decreases with age,36 and compliance with 
repeat testing was slightly better in the baseline round 
than in the subsequent round. However, the low number 
of referrals in the intervention group in the subsequent 
round also suggests that the increase in the number of 
medical procedures becomes small after one screening 
round. This idea is supported by the control group of 
women who, by contrast with the intervention group, 
were only screened for HPV DNA in the subsequent 
round, and showed an increase in the number of 
colposcopy referrals in that round. Thus, our study 
supports the idea that implementation of HPV DNA 
testing is possible with only a moderate increase in the 
number of colposcopies.

We found that the number of CIN3+ detected in the 
baseline round was about 70% higher in the intervention 
group than in the control group; by contrast, data from a 

similar trial in Italy (NTCC) show increases of only 25%.18 
Although the increase in detection of CIN3+ was fairly 
large in our study, the 95% CI was wide and had a lower 
bound of only 15%. Additionally, the number of CIN3+ 
cases detected after moderate dyskaryosis or worse was, by 
chance, somewhat higher in the intervention than the 
control group (39 vs 28 cases). The increase in the number 
of CIN2+ lesions detected in the intervention group 
compared with the control group at baseline is consistent 
with NTCC trial data, which show an increase in CIN2+ of 
47%.18 Other similar trials (eg, the Finnish Randomised 
Public Health Trial, ARTISTIC in the UK, SWEDESCREEN 
in Sweden, CCCaST in Canada19–23) have yet to publish data 
for the number of histologically confi rmed lesions found 
in the baseline round after repeat testing. 

The rate of HPV DNA positivity at baseline in our 
study (4·5%) was low compared with other studies. 
Another trial with GP5+/6+ PCR testing for HPV DNA 
presence reported an HPV DNA positivity of 6·9%;22 
others with Hybrid Capture 2 testing reported fi gures of 
between 6·1% and 10·7%.18–21 Previous population-based 
screening studies with Hybrid Capture 2 reported 
fi gures of 6·4–8·1%.10,15 The diff erences in rates of 
HPV DNA positivity can be ascribed to geographical 
variation in prevalence of high-grade cervical lesions, 
diff erences in age distribution, and diff erences in HPV 
DNA testing. One should note that the GP5+/6+ PCR 
and Hybrid Capture 2 assays are the only two tests that 
have been extensively analysed previously for their 
clinical per formance and can be considered clinically 
validated.37–42 These assays have a similar sensitivity and 
specifi city when used for the detection of CIN2+.38,43 
Previous data indicate that test sensitivity is not a 
suffi  cient requirement for use in cervical screening, 
since a test could detect transient infections with 
high-risk types of HPV characterised by low viral loads 
that do not develop into CIN3+, resulting in a poor 
clinical specifi city.37,44 Therefore, HPV DNA test 
requirements should be incorporated into the guidelines 
of the screening programme.45 

This trial was done within the setting of the regular 
Dutch nationwide screening programme. Attendance 
rates at the second round were about 80% in both groups 
and were comparable with the coverage rate in the 
Netherlands.25 The detection rate of 4·7 CIN3+ lesions per 
1000 women in the control group was similar to that 
observed in the Dutch nationwide screening programme 
(4·3 CIN3+ per 1000 women).46 Therefore, our results can 
be considered representative of the nationwide screening 
programme in the Netherlands. Complete adherence to 
the test repeats was only moderate (52–66%) and was 6% 
lower in the subsequent round than in the baseline round. 
A high proportion of women who received follow-up 
advice showed up for repeat testing at least once (78–94%), 
indicating that the current situation of two repeat smears 
at 6 and 18 months is not optimal and strategies with only 
one repeat smear need to be considered in the future. At 
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the subsequent round, 66% of the women who attended 
screening had an HPV DNA test result. Two important 
reasons for the absence of the HPV DNA test result were 
a change of general practitioner and a vial not having 
been sent for HPV DNA testing. An additional 1% of the 
vials were damaged during transport. The number of 
women with negative testing result(s) who repeated 
testing before the subsequent round was about 20%, and 
contributed 2% of the CIN3+ cases in the intervention 
group and 8% of the CIN3+ lesions in the control group. 
This shows that implementation of HPV DNA testing 
does not increase the degree of opportunistic screening 
and that most lesions can still be identifi ed by the 
screening programme.

There is a continuing discussion about the role of HPV 
DNA testing in organised cervical screening. 
Meta-analyses11,47,48 have shown that the sensitivity of HPV 
DNA testing is 23–43% higher than that for cytological 
testing for detecting high-grade cervical lesions, but the 
specifi city is 5–8% lower. There is also debate as to whether 
combined HPV DNA and cytological testing is more 
eff ective in identifying CIN3+ lesions than HPV DNA 
testing alone. Post-hoc analyses showed that the risk of 
CIN3+ over two screening rounds was 0·2% for women 
who were HPV DNA negative at baseline and 0·1% for 
women who were both HPV DNA negative and 
cytologically negative at baseline; the cost-eff ectiveness of 
adding cytological testing to HPV DNA tests is thus 
doubtful. Furthermore, implementation of HPV DNA 
testing in cervical screening could lead to extra colposcopy 
referrals and treatments of lesions that would have 
regressed spontaneously otherwise.49 Long-term data that 
show the eff ect of HPV DNA testing on the incidence of 
cancer and its precursor lesions at the next screening 
round(s) are required for us to be able to make an informed 
decision about HPV DNA testing in cervical screening. 
Several longitudinal cohort studies with a follow-up period 
of 3–10 years have already shown that a positive HPV DNA 
test at baseline confers a strongly increased risk for CIN3+ 
lesions in cytologically normal women,8,34,50–52 but women 
in these studies were referred for colposcopy on the basis 
of cytological abnormality. Data from ongoing randomised 
clinical trials assessing the long-term eff ect of HPV DNA 
testing should provide conclusive evidence to determine 
whether the incidence of cervical lesions at the next 
screening round is suffi  ciently low in the HPV DNA 
testing arm to permit extension of the screening interval, 
and a full cost-eff ectiveness analysis will help to determine 
whether primary HPV DNA testing alone is the preferred 
strategy for primary cervical screening.
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