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Introduction
Given the causal role of human papillomavirus (HPV) infection
in the development of cervical cancer (1), more and more countries
are shifting toward HPV-based cervical screening programs (2–4).
Diagnostic studies and screening trials have shown increased detection of cervical intraepithelial neoplasia grade 3 (CIN3) and better
protection against invasive cervical cancer by HPV screening as
compared with cytology (5, 6). On the other hand, HPV testing has
a lower speciﬁcity than cytology (7), yielding a larger number of
unnecessary colposcopy referrals and considerable extra demand of
health resources.
To improve the efﬁciency of HPV-based screening, triage testing is
recommended for HPV-positive women. Cytology is most often used
as a ﬁrst triage method, but there is still no consensus on how to best
manage HPV-positive/cytology-negative women. This is a challenging
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group after two-round type concordance (relative risk 2.6,
95% conﬁdence interval 1.9–3.4), and 20% in the control
group after a type switch (1.3, 0.5–3.2). The relative increase
in CIN3þ risk after two-round type concordance was
similar in <35-year-old (3.0, 2.0–4.4) and older women
(2.2, 1.4–3.5), and was high in high-risk HPV-positive
women who were HPV16/18/31/33/45-negative in both
rounds (9.9, 4.4–21.9).
Conclusions: Five-year HPV type concordance signals high
CIN3þ risk and warrants referral for colposcopy without additional
cytology triage.
Impact: HPV screening programs become highly efﬁcient when
HPV-positive women with negative triage testing at baseline are
offered repeat HPV genotyping after ﬁve years.

problem, because their ﬁve-year risk for CIN3 or worse (CIN3þ) is
substantially higher than the ﬁve-year risk among HPV-negative
women, even after a single negative repeat HPV test at 6 to
12 months (8).
HPV persistence over consecutive screening tests has been previously identiﬁed as a disease marker for HPV-positive/cytologynegative women (9, 10). However, its speciﬁcity depends on the time
between tests, with shorter duration generally yielding increased
number of referrals without CIN3þ (11). Retesting after three to
ﬁve years for assessing (type) persistence instead of one year (12–14)
as currently employed in some settings (14), may increase the efﬁciency of HPV-based screening programs, but the impact of postponing retesting beyond one year in women with positive HPV and
negative cytology test results remains to be assessed.
In this study, we utilize a randomized setting with genotyping to
demonstrate the potential of ﬁve-year HPV type persistence, here
deﬁned as type concordance, as a disease marker for HPV-positive/
cytology-negative women. The Population-based Screening Amsterdam (POBASCAM) trial offers a unique opportunity to study risk
proﬁles based on longitudinal HPV type concordance, because participating women received HPV (DNA) testing in two consecutive
screening rounds ﬁve years apart (15). Women in the intervention
group were managed by HPV and cytology in both rounds, whereas
women in the control group were managed by cytology in the baseline
round (with blinded HPV testing) and by HPV and cytology in the
next round. This enabled us to study the effect of ﬁve-year HPV type
concordance on the CIN3þ risk in a randomized way. More specifically, we estimated the CIN3þ risk in women with HPV type
concordance between the baseline and next round and compared this
with the CIN3þ risk in HPV-positive women in the baseline round.
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Background: In human papillomavirus (HPV)-based cervical
screening programs, management of HPV-positive women with
normal cytology is debated. Longitudinal information on HPV type
persistence may be employed for risk stratiﬁcation.
Methods: We assessed the risk of cervical intraepithelial neoplasia grade 3 or worse (CIN3þ) after repeatedly testing positive for
the same HPV type(s) in the randomized population-based screening study Amsterdam (POBASCAM). We compared 18-month
CIN3þ risks in HPV-positive women (intervention, n ¼ 1,066)
to those in HPV-positive/cytology-negative women who tested
HPV-positive in the next screening round (control, n ¼ 111) ﬁve
years later, stratiﬁed for HPV type concordance.
Results: The 18-month CIN3þ risk was 15% in HPVpositive women in the intervention group, 40% in the control
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We repeated the analysis for end-point CIN grade 2 or worse (CIN2þ)
as well as in subgroups deﬁned by HPV genotype and by age.

Materials and Methods

Laboratory testing
HPV DNA testing was done by a clinically validated generic HPV
test (GP5þ/6þ PCR-EIA), that detects 14 high-risk HPV types (types
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), blinded for
cytology results (20). EIA-positive specimens were genotyped by
reverse line blotting (21). A sample was considered to have a positive
genotyping result when a positive probe signal for one or more of the
14 high-risk HPV types was seen on reverse line blot. Conventional
cytologic smears were classiﬁed according to the CISOE-A framework
used in the Netherlands (19). During colposcopy, biopsies were
taken from suspected areas according to standard procedures in the
Netherlands (22, 23). Histologic specimens were examined locally and
classiﬁed as no dysplasia, CIN grade 1, 2, 3, or invasive cancer,
according to international criteria (24). Adenocarcinoma in situ was

Figure 1.
Flowchart of the POBASCAM women included in this analysis, with information on test results at baseline and at second round and on histology. AdenCa,
adenocarcinoma; CIN, cervical intraepithelial neoplasia; cyt, cytology; HPV, human papillomavirus; neg, negative; pos, positive; SCC, squamous cell carcinoma; UE,
uterus extirpation.
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Study population and design
The POBASCAM study is a prospective randomized controlled
trial (trial registration ID: NTR218) conducted in the setting of the
regular cervical cancer screening program in the Netherlands. It was
designed to assess whether HPV testing in screening decreases
detection of CIN3 and cervical cancer in the next screening round
ﬁve years later, as compared with cytology alone (15–18). In brief,
44,102 eligible consenting women aged 29 to 61 years were randomized (1:1) to cytology and HPV cotesting (intervention group)
or cytology only (control group).
For this study, we included women who were positive at baseline on
the generic HPV test and tested positive for at least one of the 14 highrisk HPV types (Fig. 1). In the intervention group, HPV-positive
women with moderate dyskaryosis or worse (comparable with >ASCUS/LSIL; ref. 19) were immediately referred for colposcopy. HPVpositive women with negative cytology or borderline/mild dyskaryosis
(ASC-US/LSIL) were advised to repeat both HPV and cytology testing
after 6 and 18 months. HPV-positive women with negative cytology at
baseline were referred for colposcopy if 6-month cytology was >ASCUS/LSIL. HPV-positive women with ASC-US/LSIL at baseline were
referred for colposcopy if 6-month cytology was >ASC-US/LSIL or if
6-month test results were HPV-positive and ASC-US/LSIL. HPVpositive women with negative cytology or ASCUS/LSIL at baseline

were also referred for colposcopy if 18-month HPV test result was
positive and/or 18-month cytology was >ASC-US/LSIL. In the control
group, cytology-negative women (blinded HPV test result) were
invited to the next routine screening round after ﬁve years. At the
second screen ﬁve years after baseline, women in both study groups
were managed according to the intervention group protocol.
The POBASCAM trial was approved by the Medical Ethics
Committee of the VU University Medical Centre (Amsterdam,
The Netherlands; no 96/103) and the Ministry of Public Health
(The Hague, The Netherlands; VWS no 328650). All women
gave informed written consent. The study was performed
in accordance with the 1964 Declaration of Helsinki and its
later amendments.

Risk of CIN3þ after Five-Year HPV Type Concordance

added to CIN3. In this analysis, we included histology results up to
nine years after baseline, which were obtained from the nationwide
network and registry of histo- and cytopathology in the Netherlands
(PALGA Foundation, Houten, the Netherlands).

Data availability
The data that support the ﬁndings of this study are available from
the corresponding author upon reasonable request.
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Statistical analysis
We calculated 18-month CIN3þ risks in the baseline round and
next round of the POBASCAM cohort. Regarding the calculations for
the baseline round, only high-risk HPV-positive women in the intervention group were included. Regarding the calculations for the next
round, women from the control group with a high-risk HPV-positive/
cytology-negative result in the baseline round and no CIN2þ or uterus
extirpation (UE) before the next round were included (Fig. 1). The
term 18-month risk reﬂects that repeat testing in the POBASCAM
study was scheduled at 6 and 18 months, but we included histology up
to four years after the corresponding screening visit. This means that in
the intervention group the results of the next round after ﬁve years did
not contribute to the analysis, whereas in the control group histology
up to nine years after the baseline screen was included for risk
calculation (15). The 18-month risks in the next round were calculated
separately for women with HPV type concordance between the
baseline and next round and for women with a type switch. Here,
type concordance is deﬁned as positivity at the next screen for at least
one of the high-risk HPV types present at the baseline screen and type
switch is deﬁned as positivity for all different type(s) than detected at
baseline. Relative risks (RR) for detection of CIN3þ were calculated,
together with 95% conﬁdence intervals (CI), where the comparison
was between intervention and control group. We adopted an intention-to-treat analysis, which means that we did not adjust the absolute
risk estimates for loss-to-follow-up and veriﬁcation bias.
The CIN3þ risks were also compared in women with normal
cytology in the baseline round (intervention group) and in the next
round (control group), and in women aged <35 and ≥35 years at
baseline. The cut-off of 35 years was used to separate the ﬁrst
screening round from later rounds of the Dutch screening program.
The CIN3þ risks were also compared in the subgroups deﬁned by
HPV16, by HPV16/18, by the subgroup of the ﬁve HPV types most
prevalent in cervical cancer (25), that is, HPV16/18/31/33/45, and
other high-risk HPV types. All analyses were repeated for end-point
CIN2þ.
The RR were evaluated by means of x2 testing. Fisher’s exact test was
used when at least one cell frequency was <5. Heterogeneity of RR
across age was assessed by Mantel–Haenszel testing. Analyses were
performed using STATA version 14.1 (StataCorp).

Results
Study subjects
One thousand sixty-six of 21,996 women from the intervention
group had a positive HPV test result and a positive genotyping result at
the baseline screen, 730 of whom (3.3% of total) had a negative
cytology triage. Histology outcomes are shown in Fig. 1. Mean age
of the 1,066 HPV-positive women in the intervention group was 37.8
(range 29–60) years and 38.4 (range 29–60) years in the subset of
730 HPV-positive/cytology-negative at baseline. Seven hundred
seventy-one of 22,106 women from the control group (3.5%) had a
positive HPV test result with a positive genotyping result and negative
cytology at the baseline screen. The mean age was 38.6 (range 29  61).
Twenty-three women developed CIN2þ or had UE during the baseline
round and were excluded. Of the remaining 748 HPV-positive/cytology-negative women from the control group, 59% (444/748) had no
HPV test result at the next screen, 25% (187/748) were HPV-negative,
15% (111/748) were HPV-positive with a positive genotyping result,
and the remaining <1% (6/748) were HPV-positive by the generic
high-risk HPV test but negative for any of the 14 high-risk HPV types
at genotyping. Of the HPV-positive group with positive genotyping
results, mean age was 37.0 (range 29–55) years, 82% (91/111) had a
type concordant infection as compared with the baseline screen, and
50% (55/111) had negative cytology.
Progression to CIN3þ and CIN2þ
HPV-positive women from the intervention group had a 15% 18month CIN3þ risk in the baseline round (Table 1). HPV-positive/
cytology-negative women from the control group had an increased 18month CIN3þ risk in the next round after two-round type concordance (40%, RR 2.6, 95% CI, 1.9–3.4; P < 0.001), but not after a type
switch (20%, P > 0.1). The RR for endpoint CIN3þ after type
concordance was not related to age (RR 3.0, 95% CI, 2.0–4.4 if age
<35 vs. 2.2, 95% CI, 1.4–3.5 if age ≥35; P ¼ 0.33). For endpoint CIN2þ,
increased risks were also observed after two-round type concordance
(P < 0.001), but not after type switch (P > 0.1).
Results stratiﬁed for HPV genotype(s) are presented in Table 2. The
18-month CIN3þ risk was 30% in HPV16-positive women from the
intervention group, and a substantially higher risk was observed in
HPV16-positive/cytology-negative women from the control group
after two-round HPV16 concordance (61%, RR 2.0, 95% CI, 1.5–
2.7; P < 0.001). Stratiﬁed for age, the RR for endpoint CIN3þ was 2.3
(95% CI, 1.6–3.2) if age <35 and 1.7 (95% CI, 1.0–2.9) if age ≥35. In
women with a high-risk HPV-positive/HPV16-negative result, the
18-month CIN3þ risk in the intervention group was 8% and the
18-month CIN3þ risk was substantially elevated in cytology-negative
women from the control group who were HPV16-negative at the
next screen and had a two-round type concordant test result (22%,
RR 2.7, 95% CI, 1.5–4.7; P ¼ 0.001). Increased CIN3þ risks after

Table 1. CIN3þ and CIN2þ in HPV-positive women in the baseline round (intervention group) versus next round (control group, in bold).
CIN3þ
Baseline round
HPV-pos
HPV-pos/cyt-neg
HPV-pos/cyt-neg

CIN2þ

Next round

N

n

%

RR (95% CI)

n

%

RR (95% CI)

164
32
40
36
4

15%
4%
36%
40%
20%

1.0 (ref)

249
66
48
43
5

23%
9%
43%
47%
25%

1.0 (ref)

HPV-pos
type concordance
type switch

1,066
730
111
91
20

2.3 (1.8–3.1)
2.6 (1.9–3.4)
1.3 (0.5–3.2)

1.9 (1.5–2.4)
2.0 (1.6–2.6)
1.1 (0.5–2.3)

Abbreviations: cyt, cytology; HPV, human papillomavirus; neg, negative; pos, positive.
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Table 2. CIN3þ and CIN2þ in women with HPV type(s) 16, 16/18, 16/18/31/33/45 or other high-risk type(s) infection in the baseline round
(intervention group) versus type concordant infection in the next round (control group, in bold).

Baseline round
HPV16-pos
HPV16-pos/cyt-neg
HPV16-pos/cyt-neg
hrHPV-pos and HPV16-neg
hrHPV-pos/cyt-neg and HPV16-neg
hrHPV-pos/cyt-neg and HPV16-neg
HPV16/18-pos
HPV16/18-pos/cyt-neg
HPV16/18-pos/cyt-neg
hrHPV-pos and HPV16/18-neg
hrHPV-pos/cyt-neg and HPV16/18-neg
hrHPV-pos/cyt-neg and HPV16/18-neg

HPV16-pos

At least one concordant type
and HPV16-neg

At least one concordant type

At least one concordant type
and HPV16/18-neg

At least one concordant type

At least one concordant type
and HPV16/18/31/33/45-neg

CIN3þ
RR (95% CI)

N

n

%

343
211
38
723
519
49

103
24
23
61
8
11

30%
11%
61%
8%
2%
22%

427
263
49
639
467
39

113
27
25
51
5
10

26%
10%
51%
8%
1%
26%

697
456
76
369
274
11

147
31
29
17
1
5

21%
7%
38%
5%
0.4%
45%

1.0 (ref)
2.0 (1.5–2.7)
1.0 (ref)
2.7 (1.5–4.7)
1.0 (ref)
1.9 (1.4–2.6)
1.0 (ref)
3.2 (1.8–5.8)
1.0 (ref)
1.8 (1.3–2.5)
1.0 (ref)
9.9 (4.4–21.9)

CIN2þ
RR (95% CI)

n

%

140
40
24
109
26
16

41%
19%
63%
15%
5%
33%

161
48
27
88
18
14

38%
18%
55%
14%
4%
36%

214
60
34
35
6
6

31%
13%
45%
9%
2%
55%

1.0 (ref)
1.5 (1.2–2.0)
1.0 (ref)
2.2 (1.4–3.4)
1.0 (ref)
1.5 (1.1–1.9)
1.0 (ref)
2.6 (1.6–4.1)
1.0 (ref)
1.5 (1.1–1.9)
1.0 (ref)
5.8 (3.1–10.7)

Abbreviations: cyt, cytology; HPV, human papillomavirus; hr, high-risk; neg, negative; pos, positive.

two-round type concordance were also observed in subgroups of
women who were HPV16/18-positive, HPV16/18/31/33/45-positive,
high-risk HPV-positive/HPV16/18-negative, or high-risk HPV-positive/HPV16/18/31/33/45-negative at the baseline screen. In the subgroup of high-risk HPV-positive/HPV16/18/31/33/45-negative women, women from the intervention group had an 18-month CIN3þ risk
of only 5% and cytology-negative women from the control group with
a two-round type concordant test result had an increased 18-month
CIN3þ risk of 45% (RR 9.9, 95% CI, 4.4–21.9; P < 0.001). Similar
results were also obtained when stratifying according to nonavalent
HPV vaccine types HPV16/18/31/33/45/52/58, where vaccine type–
negative women in the intervention group and control group had
CIN3þ risks in the baseline round and after two-round type concordance of 3% and 33% (P ¼ 0.018), respectively. The results for
endpoint CIN2þ were similar and are shown in Table 2.

Discussion
Our results convincingly show that women who test HPV-positive
at two consecutive screens ﬁve years apart have an increased risk of
CIN3þ in case of type concordance. The absolute CIN3þ risk in our
study population was 40% after two-round type concordance, well
above an informal CIN3þ risk threshold for colposcopy referral of
20% (18, 26), and similar to the CIN3þ risk in HPV-positive women
with concurrent abnormal cytology in the same trial (18). In the new
Dutch HPV-based screening program, direct colposcopy referral is
recommended for the latter group (27), and hence a similar recommendation seems warranted after having observed type concordance
after ﬁve years. Apparently, this holds for all high-risk HPV types, as
the short-term (18-month) CIN3þ risk in cytologically normal women with a high-risk HPV infection other than HPV16/18/31/33/45
increased from 0.4% to 45% after a ﬁve-year type concordant result.
This provides further support for directly referring women with long-
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term type-speciﬁc persistence for colposcopy, irrespective of HPV
type (11). Such a strategy retains a high positive predictive value
for CIN3þ after referral for colposcopy, while it circumvents limitations of repeat cytology testing, as currently recommended in some
countries (including the Netherlands). In particular, identiﬁcation of
cytologically poorly detectable lesions may be enhanced through
repeat HPV testing (7, 28).
An important ﬁnding of our study is that after ﬁve-year type
persistence, the CIN3þ risks were high in all subgroups of HPV types.
As expected, the CIN3þ risk after ﬁve-year type persistence was
highest in women with HPV16 (61%), but still a CIN3þ risk of
45% was observed in HPV-positive women without HPV16/18/31/
33/45, and a CIN3þ risk of 33% was observed in women with a nonnonavalent HPV vaccine type. HPV16-positive infections are associated with lower clearance rates and higher CIN3þ risks than other
high-risk HPV infections (11, 29, 30), but apparently also less aggressive HPV types eventually lead to CIN3þ when they persist for a longer
time. This is consistent with the literature indicating that women with a
high-risk HPV infection who do not clear the infection eventually
develop CIN2þ (10, 31). A further implication of this ﬁnding is that
our results support the use of ﬁve-year type persistence as a marker for
immediate colposcopy in a setting where a substantial proportion of
women is immunized and consequently the majority of HPV-positive
women is infected by a nonvaccine type.
The assessment of type-speciﬁc concordance requires full
genotyping of HPV-positive women. If full genotyping comes with
the primary high-risk HPV test, then type concordance can be
performed without additional costs, but at the moment only two
HPV DNA tests offer full genotyping and have been validated
according to international criteria (32). In the near future, more
full genotyping tests are expected to enter the market, because there
is wide interest in full genotyping in vaccinated cohorts for monitoring of vaccine effectiveness.
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HPV16/18/31/33/45-pos
HPV16/18/31/33/45-pos/cyt-neg
HPV16/18/31/33/45-pos/cyt-neg
hrHPV-pos and HPV16/18/31/33/45-neg
hrHPV-pos/cyt-neg and HPV16/18/31/33/45-neg
hrHPV-pos/cyt-neg and HPV16/18/31/33/45-neg

Next round
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A unique and key feature of the presented analysis is the
randomized comparison between the intervention group at baseline and the control group at the next screen after ﬁve years,
where no action was taken after negative cytology in the baseline
round. This enabled us to clearly show that by postponing the
repeat testing moment for HPV-positive/cytology-negative
women beyond 18 months, CIN3þ risks become high enough to
warrant immediate referral. Other strengths of our study are the
fact that the POBASCAM trial was conducted within the national
Dutch screening program with a screening interval of ﬁve years,
which has been proposed for primary HPV screening programs in
various countries (e.g., Australia, the Netherlands, the United
Kingdom, and Italy). Moreover, our study was large enough to
verify that the type concordance effect is present both in HPV16positive and HPV16-negative women and in women below and
above age 35 years, which suggests that the effect is not mediated by
genotype or age (42–44).
We identiﬁed the following limitations of our study. First, only
about 40% of the HPV-positive/cytology-negative women had an HPV
test result at the next round after ﬁve years. The main reason for this is
that some general practitioners did not send in a sample for HPV
testing but only a slide for (conventional) cytology testing. We do not
expect that this biases our estimates, although it lowers the statistical
power for assessing risk differences in subgroups. Second, we do not
have information about colposcopy procedures as our data were
tracked through the nationwide histology and cytology registry
PALGA. Therefore, absolute CIN3þ risks may be underestimated as
some women may not have adhered to the colposcopy recommendation. Besides, some women may not have completed the full scheme
of triage by repeat testing, lowering the estimates of the absolute
CIN3þ risk. However, follow-up protocols were equal in the intervention and control group so that no substantial bias is expected in the
estimated relative disease risks. Third, as women in our control
group were managed according to cytology, we were not able to
evaluate the psychosocial impact of repeat HPV testing with a long
interval. A potential concern is that repeat HPV testing leads to
anxiety, distress, and worries about cancer. However, multiple
studies have indicated that anxiety and distress are short-lived
and repeated exposure to the same test (twice HPV testing) seemed
to normalize anxiety (45, 46). Fourth, a potential bias in the
comparison of the two randomization groups is that 23 CIN2þ
cases detected on the basis of their baseline screening results were
excluded. However, this bias is likely to be small because in the
POBASCAM study, women were excluded when they had had a
CIN2þ in the two years before enrollment (15). Besides, if the 23
CIN2þ cases had not been detected in the baseline round but in
the next round, the number of CIN2þ cases detected in the
next round would have been higher, which would have provided
further support for immediate referral to colposcopy after ﬁve-year
persistence.
To summarize, we capitalized on a randomized comparison
between immediate and delayed referral on the basis of HPV test
results to show the diagnostic value of repeatedly testing positive for
the same HPV type(s) in cervical screening. Women with a concordant
HPV type after ﬁve years have a CIN3þ risk that is high enough to
warrant immediate referral for colposcopy without additional triage
testing, also for less aggressive high-risk HPV types. In settings of
HPV-based screening with intervals of ﬁve years, two-round HPV type
concordance is a promising marker for risk stratiﬁcation of HPVpositive/cytology-negative women, and immediate referral would
translate into a reduced demand of adjunct cytology testing.
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In real-world screening programs, partial genotyping may be used
as an alternative to full genotyping because 82% of the women with
ﬁve-year HPV persistence have a concordant type (91/111, Table 1).
Therefore, measuring high-risk HPV persistence instead of typespeciﬁc persistence only has a limited effect on the number of
colposcopy referrals. Partial genotyping is still needed because the
CIN3þ risk in HPV-positive/cytology-negative women is too high
(4%, Table 1) to dismiss them from further follow-up. In our analysis,
CIN3þ risk in HPV-positive/cytology-negative women decreased to
only 1% in the baseline round when the result was HPV16/18-negative
and to only 0.4% when the result was HPV16/18/31/33/45-negative,
supporting the use of partial genotyping for returning women to
routine screening. Notably, referring all women with one-year highrisk HPV persistence to colposcopy leads to a high number of
colposcopy referrals and a low positive predictive value for CIN2þ
as was observed in regional Italian primary HPV screening
programs (14, 33–35).
A particularly interesting feature of molecular techniques such as
genotyping is that they can be used on self-collected samples so that
provider-sampling for triage testing of HPV-positive women by
cytology can be avoided. Besides partial genotyping, several other
molecular techniques are currently in development including host and
viral gene methylation techniques. It is interesting to compare genotyping and other molecular techniques, but we think that genotyping
and methylation can be used in conjunction to triage HPV-positive
women. For example, host cell DNA methylation can be used to select
women for immediate referral for colposcopy, but methylationnegative women require surveillance (36). The results of this study
suggest that partial genotyping may be used to determine the time at
which a methylation-negative woman should be offered repeat HPV
testing.
Many researchers have studied the association between HPV type
persistence and CIN2þ or CIN3þ (37–40), but only few have evaluated the role of HPV type persistence in the management of HPVpositive women with normal cytology. In an early prospective population study within the Scottish cytology-based program (9), it was
shown that HPV-positive/cytology-negative women at baseline who
tested HPV-positive for the same type (41%) two to three years later
were signiﬁcantly more likely to develop abnormal cytology than those
who were sequentially positive for different types (8%). In another
follow-up analysis of HPV-positive/cytology-negative women of the
Swedescreen trial, conducted in ﬁve cities in Sweden (10), women who
had not been treated for CIN2þ were selected and invited for yearly
repeat HPV tests followed by colposcopy in case of type persistence.
This study showed that all women who continuously showed persistence at each retest eventually developed CIN2þ and almost all cases
occurred before six years. It was recognized that the intensive followup with yearly HPV tests had limited beneﬁts and a less intensive
management was suggested. The role of type persistence was also
studied in an analysis of the second round of the ARTISTIC trial,
conducted in the Manchester area (41). A main difference with our
study was that the analysis of the ARTISTIC study did not exclude
women with abnormal cytology and did not consider a randomized
comparison of different screening strategies at the baseline screening
round. Nonetheless, similar to our study, the two-and-a-half-year
CIN3þ risk was 17.6% in women with a type concordant HPV
infection over two rounds with an interval of three years, whereas
among 155 women with a type switch between the two screening
rounds, no CIN3þ cases were found in the second screening round.
The CIN3þ risk was particularly high (30.3%) in women with
concordant HPV16.
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