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Background: This randomised study compared the detection rate of cervical intraepithelial neoplasia-positive (CIN2þ ) based on
histology in women performing repeated self-sampling of vaginal fluid (VF) for human papillomavirus (HPV) test with a control
group following the ordinary screening by Pap smear cytology.

Methods: 36390 women aged 30–49 years scheduled for invitation to organised screening were randomised in two groups, one to
perform self-sampling of VF for HPV test (n¼ 17 997, HPV arm) and the other group to perform screening by PAP smear cytology
(n¼ 18 393, control arm). HPV positive women in the HPV arm repeated the self-sampling and the HPV test on average 4.4 months
later and those with two consecutive positive HPV tests were referred to colposcopy. Outcome was CIN2þ based on histology
during 18-month follow-up.

Results: Participation rate was 47% in the HPV arm and 39% in the control arm. The HPV prevalence in the first self-sampling was
6.9%, and 71% of these women were HPV positive in their second test. For the per-protocol approach, cumulative prevalence of
histological CIN2þ in the HPV arm was 20.2 per 1000 women screened as compared to 10.8 in the control arm. The cumulative
prevalence of CIN2þ diagnosed per 1000 years screened was 160.8 in the HPV arm as compared with 25.4 in the control arm.

Conclusions: Repeated self-sampling of VF and HPV test had more than a two-fold higher discovery rate of CIN2þ per 1000
women screened as compared with PAP smear cytology.

Randomised trials have shown that human papillomavirus (HPV)-
based primary screening provides 60–70% better protection against
cervical intraepithelial neoplasia 2-positive (CIN2þ ) and invasive
cervical cancer than cytology (Ronco et al, 2014; Ogilvie et al,
2017). HPV-based primary screening has higher sensitivity as
compared with cytology, but lower specificity due to transient HPV
infections. To increase the specificity of HPV-based screening

additional biomarkers have been suggested for triaging of HPV-
positive women, including cytology and methylation (De Strooper
et al, 2016; Luttmer et al, 2016). At present, only cytology is
recommended for cotesting of HPV-positive women (Saslow et al,
2012). However, since the sensitivity of cytology is lower than for
the HPV test, HPV-infected women may have CIN despite normal
cytology and be at risk of developing cancer in the time between
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screening rounds (Mittal et al, 2017). According to the European
Guidelines women who are HPV positive but cytology negative at
screening should be recalled for follow-up in 1 year (Arbyn et al,
2010; EU Publications, 2015). As an alternative strategy for
managing women with a positive HPV screening test, we have
proposed that the HPV test should be repeated in 4–6 months, and
thereby it would be possible to distinguish between persistent and
transient HPV infections. This strategy requires that a second
sample is obtained from the woman, but if the follow-up sample is
collected by self-sampling, this does not represent a burden on the
health-care system. We have previously shown that B40% of
women that are HPV positive in their screening test have cleared
their infection after 4–6 months (Gyllensten et al, 2011). The
strategy of repeating the HPV test results in substantially fewer
women requiring follow-up, and a higher specificity for identifica-
tion of CIN2þ (Gyllensten et al, 2011).

The efficacy of organised screening also depends on the
population coverage, and self-sampling of vaginal fluid (VF) at a
woman’s own convenience is an attractive strategy to increase the
coverage (Stenvall et al, 2006, 2007; Sanner et al, 2009). Providing
self-sampling for HPV test to non-attendees has been shown to
increase attendance rate and the detection rate of CIN2þ
(Wikstrom et al, 2011; Sancho-Garnier et al, 2013) and is equally
sensitive for identification of women with CIN2þ as HPV test
based on clinician-obtained cervical samples (Snijders et al, 2013).
We have shown that self-sampling of VF identifies the high-risk
HPV infections found by assisted sampling on the cervix and by
histology in women with biopsy-defined cervical lesions
(Gustavsson et al, 2011). Self-sampling yields consistent HPV
results across menstrual cycle phases and calendar time and, thus,
can be used at any time convenient for the woman (Sanner et al,
2015).

The reliability of self-sampling as a screening strategy depends
on a number of factors, among those the sampling device. A
number of sampling devices have been used in different studies,
including brushes, swabs and lavage-based tools. A meta-analysis
concluded that the variation seen between studies most likely
reflects the use of different sampling devices (Snijders et al, 2013).
We used a soft silicon brush for sampling of VF and the indicating
FTA elute card, which is a dry storage medium, for application,
transport and storage of clinical material (Gustavsson et al, 2011;
Sanner et al, 2015). The clinical material applied to this card is
confined to a small area instead of diluted in a large liquid volume,
such as when using liquid-based transport solutions. Samples
applied to the FTA card are stable at room temperature and
samples stored for 1 year have shown identical HPV typing results
to samples collected using liquid-based media (Barth et al, 2016).
Several studies have shown good agreement with respect to HPV
detection between the FTA card and liquid-based media (Guan
et al, 2012; Wang et al, 2015). To handle the variation in amount of
clinical material that may result from self-sampling, it is
recommended that a sensitive, PCR-based method, is used for
HPV typing (Snijders et al, 2013).

Here, we report the results of the first randomised study
comparing the efficacies of using repeated self-sampling of VF and
HPV test with Pap smear cytology for the identification of women
with CIN2þ based on histology.

MATERIALS AND METHODS

Study population. This randomised intervention study was
performed in Uppsala County, Sweden, between 2013 and 2015.
The cervical cancer-screening programme in Uppsala County
during that period invited women aged 23–49 years (3-year
intervals) to Pap smear cytology testing, while women aged 50–60

years were invited to HPV testing (5-year intervals). Women not
attending their current screening round were recalled the following
year.

Women scheduled for invitation to the organised screening
programme between 2013 to 2015 were randomised into two
groups: a control group representing women in the screening
programme and whose clinical records were used for comparison,
and an intervention group that performed repeated self-sampling
and HPV test. The protocol for each group is described below. A
computer-based allocation process was used for randomisation.
During the first year (2013) many of the invited women were
never-attenders, resulting in a low participation rate. The women
and the clinicians performing the colposcopy were not blinded to
the study group, but the pathologists were blinded to the study
group.

To be eligible for the study, the woman had to be between 30
and 49 years at entry (date of invitation), having no previous
hysterectomy, no current pregnancy and no clinical test results
(Pap smear cytology, HPV test or histology) relating to cervical
cancer registered within 1 year before the date of invitation. The
follow-up period was 18 months from the date of invitation.
Participants received oral and/or written information and consent
was given. The study was approved by the Regional Ethics
Committee in Uppsala (Dnr 2012/099).

HPV arm. Women in the HPV arm were sent an invitation
together with a package including information on how to perform
the sampling at home, a sampling brush, a FTA card and a
preaddressed return envelope. Women who choose not to
participate were returned to the screening based on Pap smear
cytology. The FTA card was returned by regular mail to the HPV
lab at Uppsala University for HPV testing. A reminder was sent to
women who did not return their self-sample within 3 weeks.
Women who were HPV positive in their first self-sample were
informed of the test result within 2 weeks after their sample was
returned for HPV testing. These women were informed that they
would repeat the self-sampling in 3–6 months, but could contact a
gynaecologist in case of questions or symptoms. Women who were
HPV positive in two consecutive self-sampling tests were referred
to colposcopy and eventual biopsies. Women who were HPV
negative in their first or second HPV test were referred back to the
regular screening programme.

Control arm. Women were invited to organised screening and
managed according to the clinical routine in Uppsala County,
where a midwife performed sampling on the cervix for Pap smear
cytology. Women with CIN2þ based on cytology were referred to
colposcopy within a month, while women with CIN1/ASCUS
based on cytology were offered follow-up tests in about 3 months,
including both Pap smear cytology and HPV test, according to the
clinical routine procedure. HPV-negative women with or without
CIN1/ASCUS cytology in the follow-up were returned to the
screening programme, while all HPV-positive women, with or
without CIN2þ cytology, were referred to colposcopy and
eventual biopsies. Women with normal cytology in the follow-up
were returned to the regular screening program. Women who did
not attend screening were reminded and invited again in 12
months. All gynaecology and colposcopy was performed at the
Clinic of Obstetrics and Gynaecology, Uppsala University Hospital
and all cytology and histology was performed at the Clinic of
Pathology and Cytology, Uppsala University Hospital.

Outcome. The outcome was the number of women with CIN2þ
based on histology diagnosed during the 18 months from date of
invitation. We included squamous cell carcinoma, adenocarcinoma
and adenosquamous carcinoma.

Sample size and power calculations. The study was designed to
detect a two-fold difference in the incidence of CIN2þ based on
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histology between the HPV arm (expected incidence: 1.6%) and the
PAP smear cytology arm (expected incidence: 0.8%). These
incidence estimates were based on clinical data from Uppsala
County and using a-value¼ 0.05. Given these prevalence estimates,
a sample size of 5000 women in each arm was found to be
necessary to achieve a statistical power higher than 99% to identify
a two-fold difference in the incidence of CIN2þ based on
histology. The study was not powered to detect an effect of
CIN3þ .

Self-sampling and sample processing. The self-sampling proce-
dure was based on using a silicon brush and the indicating FTA
elute micro card and regular mail both for distribution of the kit
and return of the sample. The method for self-sampling of VF has
been described previously (Gustavsson et al, 2011). The women
were instructed to perform self-sampling of VF using the Rovers
Viba-brush (Rover Medical Devices BV, Oss, The Netherlands)
and apply the VF sample to the indicating FTA elute micro card
(GE Healthcare, Cardiff, UK art. no WB129308). Together with the
sampling kit women received an instruction describing how to
perform the collection of VF (Figure 1) and a link to a dedicated
homepage at the Uppsala University Hospital with an animation of
the self-sampling procedure. Self-samples of VF were returned to
the HPV laboratory at Uppsala University by regular mail using
preaddressed and postage-paid envelopes. At the HPV laboratory,
the FTA cards were processed using a dedicated automated

laboratory system (easyPunch STARlet; Hamilton Robotics,
Bonaduz, Switzerland), which collects each card, takes a photo-
graph of the sample collection area, identifies the parts of the
sampling deposition area with the highest amount of cellular
material using a machine learning software and then takes four
punches with a 3-mm diameter knife from the area containing
most material and deposits the punches in a single well in a 96-well
microtiter plate. DNA extraction from punches was performed as
described earlier (Gustavsson et al, 2009b).

HPV testing system. HPV testing was performed using the real-
time PCR-based assay hpVIR (Moberg et al, 2003; Gustavsson
et al, 2009a). Briefly, this test detects and quantifies the following
HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 and also
measures a human single copy gene (HMBS), which serves as a
control for that the samples contain sufficient amounts of cellular
material for the test to be informative. The limit of detection for
the nuclear single copy gene HMBS and HPV was both set to 10
copies per PCR.

Statistical methods. The data were first analysed using a per-
protocol approach, that is, including only women assigned to the
two arms who complied with the protocol. The cumulative
prevalence of CIN2þ based on histology per 1000 women
screened, as well as per 1000 years screened was calculated from
the date of invitation to the end point for each woman during the
18-month follow-up period in the two study arms. The data weres

Step by step instructions how to perform the self-sampling

Wash your hands!

1

2

3

4

5

Pick up the sampling card.

Place the card on a dry surface

Open the card by lifting the protecting flap.

Remove the sampling tool from its package by the
blue handle. Do not touch the bristles.

Assume a relaxed position (or lie down).

Insert the sampling tool into the vagina until you feel
a resistance (7–10 cm).

Turn the brush once and remove.

Press the bristles at the card and rotate against
the coloured area on the right side.

Dispose off the sampling tool.

The sample will make the card change colour.

Let the card air dry for 10–20 minutes.

Fold back the protective flap over the card.

Put the card in the envelope.

Seal the envelope.

Send in the card to the lab by regular mail.

Figure 1. Information supplied to the women of how to perform the self-sampling using the FTA card.
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also analysed using an intention-to-treat approach, by also
including women in the HPV arm who were HPV positive in
their self-sample screening test, but on their own initiative had a
clinical test performed at a health clinic before receiving their
second kit for self-sampling. All statistical calculations were
performed in R (R Core Team, 2014). P-values were corrected
for multiple testing using Bonferroni correction and a P-value
o0.05 was considered significant, unless stated otherwise.

RESULTS

The number of women included and excluded at each stage of the
study, as well as the number of CIN2þ detected is shown in
Figure 2, and baseline information and statistical calculations are
shown in Table 1. The control arm included 16 364 eligible women
who were invited for Pap smear cytology, following the clinical
routine in Uppsala County, out of which 6364 performed Pap
smear cytology. The HPV arm included 17 046 eligible women that
received a sampling kit, and among these 7997 performed self-

sampling of VF. The mean age of participants and non-participants
for the age groups 30–39, 40–49 and 30–49 years was similar in
both study arms (Table 1). Also, the mean age of participants was
similar between the two study arms (Table 1). The participation
rate in the HPV arm was 47% (7997 out of 17 046) as compared
with 39% (6364 out of 16 364) in the cytology arm (Po2.2�
10� 16, two-sided Binomial test).

In the HPV arm, 6.3% of the women (554 out of 7997) were
HPV positive in their first HPV test. Women with a HPV-
positive screening sample showed high compliance (90%, 501 out
of 554) to perform a second self-sampling and HPV test. The
second HPV test, performed on average 4.4 months after the
first, was positive in 71% (355 out of 501) of the women.
Following the per-protocol approach, 49% (162 out of 330) of the
women in the HPV arm who were HPV positive in the follow-up
test received a CIN2þ diagnosis based on histology, and of these
women, 48% (77 out of 162) had CIN3þ and 52% (85 out of
162) had CIN2.

Among the women who were HPV positive in their first self-
sample, 53 did not perform the second self-sampling, but 37 of

HPV arm Control arm

Study group
n= 36 390

Randomised
n= 17 997

Eligible
n= 17 046

Excluded not
eligible
n= 951

No self-
sampling
n= 9049

HPV negative
n= 7443

Self-sampling
n= 7997

HPV test 1
positive
n= 554

Second
self-sampling

n= 501

No second
self-sampling

n= 53

Clinical
follow-up
n= 37

HPV test 2
positive n= 355

HPV negative
n= 146

Histology
information
n= 330

Histology
information

n= 24

No histology
info
n= 25

No further
info
n= 16

Clinical
follow-up
n= 188

Abnormal
cytology
n= 222

Normal
cytology
n= 6142

No
cytology
n= 10 000

No further
info
n= 34

Normal at
follow-up
n= 87

Pap smear
cytology
n= 6364

Eligible
n= 16 364

Randomised
n= 18 393

Excluded not
eligible
n= 2029

Histology
information
n= 101

No histology
info
n= 13

No CIN2+
n= 11

No CIN2+
n= 168

CIN2+
n= 162

CIN2+
n= 13

No CIN2+
n= 32

CIN2+
n= 69

Figure 2. Study design with number of women included and excluded at different steps in HPV arm (self-sampling and repeated HPV test, left)
and the Control arm (Pap smear cytology, right). Comments: Excluded not eligible: Women with previous hysterectomy, current pregnancy and
clinical test results (cytology, HPV test or histology) relating to cervical cancer registered within 1 year before the date of invitation. Abnormal
cytology: ASCUS, CIN 1, CIN 2, CIN 3. Clinical follow-up: HPV test and/or cytology. No CIN2þ : CIN1, normal histology or diagnosis unrelated to
cervical cancer.
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them instead had a follow-up test taken at a health-care centre
before receiving the second self-sampling kit. Among these 37
women, 24 had a biopsy taken and 13 of the 24 women had
CIN2þ histology (4 had CIN3þ and 9 had CIN2). The 13
women with CIN2þ diagnosis was included in the intention-to-
treat calculation (Figure 2).

In the control arm, 3.5% (222 out of 6364) had abnormal
cytology based on their Pap smear screening sample and 85% (188
out of 222) of these women participated in the clinical follow-up.
Among the women with a CIN2þ or CIN1/ASCUS cytology
screening sample, 101 received a histology diagnosis and 61% (69
out of 101) of these had CIN2þ . Among the 69 women with
CIN2þ histology, 75% (52 out of 69) had CIN3þ and 25% (17
out of 69) had CIN2.

The compliance rate in the HPV arm, that is, the participation
rate in screening times the fraction of women with a first HPV-

positive sample that performed a second self-sampling, was 0.47
(7997/17 046)� 0.90 (501/554)¼ 0.42. By comparison, the parti-
cipation rate in cytology screening times the return rate for follow-
up testing by cytology and HPV was 0.39 (6364/16 364)� 0.85
(188/222)¼ 0.33.

We first examined the time required to receive a diagnosis as
Normal or CIN2þ . The median time to diagnosis as Normal (i.e.
the time required for a woman to be returned to the screening
population) was 2.6 times longer in the control arm (82 days) than
in the HPV arm (32 days) (Table 1), while the time to a CIN2þ
diagnosis was similar between the HPV arm (253 days) and the
control arm (300 days).

The cumulative prevalence of women with the diagnosis as
Normal, CIN2 or CIN2þ per 1000 years screened is shown in
Figures 3A–C. Figure 3A shows the very rapid rate of receiving the
diagnosis as Normal in the HPV arm, relative to the control arm.

Table 1. Baseline information for the study and comparisons between study arms.

Study arms and comparisons Age group (years)

30–39 40–49 30–49

HPV arma

Number of non-participating women 4508 4541 9049
Mean age of non-participating womenb 34.4 (2.8) 44.5 (2.9) 39.4 (5.8)
Number of participating women 3858 4139 7997
Mean of participating women ageb 34.3 (3.0) 44.6 (2.9) 39.7 (5.9)
Total number of years screened 583.6 505.0 1088.6
Number of CIN2 identified 54 40 94
Number of CIN3þ identifiedc 56 25 81
Number of CIN2þ identifiedd 110 65 175
Cumulative prevalence of CIN2þ per 1000 women screenede 28.5 (5.3) 15.7 (3.8) 21.9 (3.2)
Cumulative prevalence of CIN2þ diagnosed per 1000 years screenedf 188.5 (32.2) 128.7 (29.2) 160.8 (22.0)
PPVg 0.46 0.45 0.46
Days to diagnosis normalh 32.0 (25.2) 32.0 (22.2) 32.0 (23.7)
Days to diagnosis CIN2þ i 258.5 (71.2) 243.0 (103.8) 253.0 (63.8)

Control arm
Number of non-participating women 5035 4965 10 000
Mean age of non-participating womenb 34.2 (2.9) 44.6 (2.9) 39.4 (6.0)
Number of participating women 3164 3200 6364
Mean age of participating womenb 34.4 (2.9) 44.5 (2.9) 39.5 (5.8)
Total number of years screened 1508.5 1206.1 2714.6
Number of CIN2 identified 9 8 17
Number of CIN3þ identifiedc 34 18 52
Number of CIN2þ identifiedd 43 26 69
Cumulative prevalence of CIN2þ per 1000 women screenede 13.6 (4.1) 8.1 (3.2) 10.8 (2.6)
Cumulative prevalence of CIN2þ diagnosed per 1000 years screenedf 28.5 (8.9) 21.6 (9.1) 25.4 (6.2)
PPVj 0.41 0.31 0.37
Days to diagnosis normalh 108.0 (123.1) 66.5 (67.5) 82.0 (90.4)
Days to diagnosis CIN2þ i 308.0 (151.2) 299.5 (103.8) 300.0 (132.0)

Comparisons between HPV arm and control arm
Age of non-participantsk Po5.6�10� 4 Po9.8� 10� 3 Po3.4� 10� 1

Age of participantsk Po4.1�10� 2 Po8.1� 10� 3 Po7.4� 10� 2

Cumulative prevalence of CIN2þ l Po1.9� 10�12 Po9.3� 10� 7 Po3.4� 10�17

Number of CIN2þ diagnosed per yearl Po3.0� 10�55 Po3.3� 10�30 Po5.6� 10�83

Days to diagnosis normalk Po10�308* Po1.2�10� 284 Po10�308*

Days to diagnosis CIN2þ k Po2.7�10� 2 Po2.8� 10� 2 Po2.3� 10� 3

Abbreviations: AC¼ adenocarcinoma; CIN¼ cervical intraepithelial neoplasia; HPV¼ human papillomavirus; ICC¼ invasive cervical cancer; PPV¼positive predictive value.
aIncludes both per-protocol and intention-to-treat values.
bAge in years, given as: mean (s.d.).
cIncluding AC and ICC.
dCIN2, CIN3, AC or ICC.
eDetection rate of CIN2þ per 1000 women screened. Given as rate (95% confidence interval).
fDetection rate of CIN2þ per 1000 years of screening. Given as rate (95% confidence interval).
gPPV. CIN2þ occurrence in the per-protocol arm compared to two positive HPV tests (n¼ 224/131/355 in the age-groups).
hDays to diagnosis normal, given as median (median absolute deviation).
iSame as footnote g, but for the CIN2þ end point.
jPPV. CIN2þ occurrence compared with abnormal cytology including clinical follow-up (n¼ 105/83/188 normal in the age groups).
kTwo-sided Wilcoxon’s test. P-values marked with asterisks are below machine precision.
lOne-sided Binomial test.
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The cumulative prevalence of CIN2þ per 1000 years screened was
about six times higher in the HPV arm (160.8) as compared with
the control arm (25.4); a difference that is statistically significant
(Table 1 and Figure 3C). Much of the difference in the cumulative
prevalence of CIN2þ can be attributed to the detection of CIN2
(Figure 3B).

We also calculated the cumulative prevalence of women with
CIN2þ histology per 1000 women screened. For the per-protocol
approach, the cumulative prevalence in the HPV arm was 20.2 per
1000 women screened (162/7997� 1000) (95% CI: 17.52, 23.75) as
compared with 10.8 in the control arm (69/6364� 1000) (95% CI:
7.77, 12.70) (Table 1 and Figure 3F). Including also women from
the intention-to-treat approach, the cumulative prevalence of
women with CIN2þ histology per 1000 women screened was 21.9
(175/7997� 1000) (95% CI: 18.68, 25.09) in the HPV arm as
compared with 10.8 in the control arm (69/6364� 1000) (95% CI:
7.77, 12.70) (Table 1). The cumulative prevalence of CIN2þ was
statistically significantly higher in the HPV arm than in the control
arm (per-protocol and intention-to-treat combined) for both the
age group 30–39 and 40–49 years (Table 1).

The two screening strategies identified about the same number
of CIN3þ per 1000 women screened (HPV arm: 10.1 (81/
7997� 1000), control arm: 8.2 (52/6364� 1000)). However, the
HPV arm identified four times as many CIN2 lesions per 1000
women screened as the control arm (HPV arm: 11.7 (94/
7997� 1000), control arm: 2.7 (17/6364� 1000)) (Table 1 and
Figure 3E).

The positive predictive value (PPV) for detection of CIN2þ
was 0.46 (95% CI: 0.41, 0.51, n¼ 162 of 355) for the HPV arm and
0.37 (95% CI: 0.30, 0.44, n¼ 69 of 188) for the cytology arm; a
difference that is statistically significant (Po6.2� 10� 4, two-sided
Binomial test).

DISCUSSION

We have shown that primary screening based on self-sampling and
repeated HPV test can detect more than twice as many women
with CIN2þ histology than using PAP smear cytology of cervical
cells. The results have important implications for the use of self-
sampling, primary screening by HPV and the health-economy of
organised screening programs.

Women in the HPV arm showed a higher participation rate than
women in the control arm, and the compliance to perform the second
HPV test was also higher than for women in the control arm to
perform follow-up with HPV test and cytology. Thus, in our study
women appear as likely to perform self-sampling for HPV test as
attending a health clinic for cervical sampling. The high compliance
rate of women with a positive HPV screening test to perform their
second self-sampling (90%) indicate that the interval between the first
and second self-sampling was acceptable to most women. Among the
37 women who on their own made an appointment at a health clinic
after the first self-sampling test, and for which we have information,
60% reported a medical reason for the appointment rather than that
they did not want to wait to perform a second self-sampling. The time
between the two HPV tests in our study is similar to the follow-up
time of 3 months used in organised cytology screening program in
Uppsala County for women with CIN1/ASCUS cytology.

The high detection rate of CIN2þ in the HPV arm is the
consequence of using the HPV test both as a screening test and in
the follow-up. In the time between the HPV screening test and the
repeat HPV test B30% of HPV-positive women cleared their
infection. Among women who were HPV positive in the repeat
test, and for which histology information was available, 49% (162
out of 330) had CIN2þ lesions. In a previous study of 8000 non-
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Figure 3. Cumulative prevalence per 1000 years screened of women with the diagnosis normal (A), CIN2 (B) and CIN2þ (C) in the HPV arm (self-
sampling of VF sample and HPV test) in blue and the control arm (Pap smear cytology) in red. Cumulative prevalence per 1000 women screened
of women with the diagnosis Normal (D), CIN2 (E) and CIN2þ (F) in the HPV arm (self-sampling of VF sample and HPV test) in blue and the control
arm (Pap smear cytology) in red. Dotted blue line shows the result for intention-to-treat (itt) and solid line per-protocol (pp). Transparent fields show
95% confidence interval based on number of diagnoses per 1000 years screened (B and C), or per 1000 women screened (E and F) during the
follow-up period.
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attendees of organised screening that were offered self-sampling at
home, we used HPV test both in screening and follow-up, similar
to the present study, and found an increased specificity of detecting
CIN2þ histology using the repeat HPV test strategy (Gyllensten
et al, 2011). The screening strategy could be further improved by
extending the time between the first and second HPV test, allowing
for more transient infections to clear. The European Guidelines for
women with a HPV-positive, cytology-negative, screening test
recommend either follow-up by repeating the HPV testing in 12
months, performing colposcopy or returning the woman to routine
screening (EU Publications, 2015).

Self-sampling and HPV test detected both CIN2 and CIN2þ ,
while cytology detected mainly CIN3þ lesions (Table 1). No
difference was seen between the two study arms with respect to the
detection rate of CIN3, but the HPV arm identified four times as
many CIN2 per woman screened. CIN2 lesions are difficult to
unambiguously identify and separate from CIN3 (Castle et al,
2007). Spontaneous regression of CIN2, as well as CIN3, have been
reported, and the frequency of such events varies between studies
and age groups. In younger women (below 30 years of age)
regression appears to be relatively common, while there is less data
for women above 40 years of age (Wang et al, 2013; Uleberg et al,
2014; Munro et al, 2016). Using a sensitive screening strategy that
enables identification of CIN2 lesions, such as the one in our study,
provides an opportunity for early detection, but at the same time
requires a strategy for identification of lesions that may not need
treatment. Biomarkers could be used to identify women with CIN2
that are most likely to progress. HPV genotyping could serve to
identify women with CIN2 carrying persistent infections with HR-
HPV, in contrast to those with low viral load of less carcinogenic
HPV types (Schiffman et al, 2015; Lie et al, 2017). Also, p16INK4a
staining has shown promise as a marker for identifying women with
CIN2 that will regress spontaneously (Miralpeix et al, 2017). There is
clear evidence and clinical praxis that CIN2 should be treated in this
age group. According to the new Swedish national recommendations
(Swedish Board For Health And Welfare (Socialstyrelsen), 2015)
CIN2 as well as CIN3 lesions should be treated when identified in
screening in this age group. In the light of this, we were unable to
choose a different clinical outcome for the present study.

The estimated PPV for CIN2þ based on cytology in our study
(PPV¼ 0.37) was similar to the PPV¼ 0.30 for the Swedish
population (ages 30–59 years) as reported in 2017 (Ponti et al,
2017, Table 4.13.5). The estimated PPV based on self-sampling and
HPV (PPV¼ 0.45) was substantially higher.

The application of self-sampling for HPV test has health-
economic advantages. Health-economic modelling has shown that a
screening strategy based on self-sampling and repeated HPV test, as
used in the present study, is dominating over the use of cytology
alone, cytology triaged by HPV or primary screening by HPV test
based on samples collected at a midwife’s clinic (Ostensson et al,
2013). Since the strategy used in the present study results in the
identification of a higher number of CIN2þ lesions, it also increases
the number of colposcopies and histological examinations that have
to be performed. The cost of these analyses has been included in the
modelling above and the screening strategy based on self-sampling
and repeated HPV test was still found to be dominating from a
health-economic perspective. This is partly the consequence of that
self-sampling of VF that will provide large savings to the primary
health-care system. Thus, the increased cost of colposcopies and
histology is favourably balanced by reduced overall costs for the
screening. In exploring self-sampling strategies, the choice of
method for reaching the women is important to achieve an optimal
cost-efficiency. For instance, Haguenoer et al (2014) concluded that
offering an in-home, return-mail kit for vaginal self-sampling is
more efficient and cost-effective than a recall letter in increasing
participation in cervical cancer screening (Haguenoer et al, 2014).
The magnitude of the health benefit that can be achieved by self-

sampling will, however, depend on the screening history and
compliance of respondents (Burger et al, 2017).

There are certain limitations to our study. The sampling device
and FTA card have not been compared with the more common
cytobrush and liquid-based transport media in large controlled
studies, but a number of studies have shown that VF can be reliably
obtained using a number of sampling devices and collection media
(Arbyn et al, 2014; Jentschke et al, 2016; Karjalainen et al, 2016).
The VIBA-brush used has been shown to provide similar results to
other sampling devices (Bais et al, 2007; Lenselink et al, 2009; Gok
et al, 2012; Geraets et al, 2013; Arbyn et al, 2014). We used a
laboratory developed HPV test (hpVIR) that has similar char-
acteristics as the Hybrid Capture (HC2) test (Gustavsson et al,
2009a) and has been shown to have 100% proficiency using the
WHO HPV panel (Eklund et al, 2014). Thus, the sampling device,
collection medium and HPV test we used are not likely to have
underestimated the number of HPV-positive women.

We compared self-sampling for HPV test to Pap smear cytology
rather than Liquid Based Cytology (LBC), since that was the routine
clinical test used in the organised screening in Uppsala County
during the project period. International studies have shown a higher
sensitivity of LBC, but no difference in specificity (Cox, 2004). Some
Swedish studies have found a higher detection rate of CIN2þ
(Strander et al, 2007), while other found no difference between the
two methods (Froberg et al, 2013). In a survey from 2015, 8 out of
21 European countries were still only using Pap smear cytology and
15 out of 21 countries Pap smear cytology in combination with LBC
(Elfström et al, 2015). Given the small difference in detection rate
between LBC and Pap smear cytology in relation to that seen
between cytology and self-sampling and HPV in our study, the
choice of cytology method would not have any major impact on our
conclusions. Also, our detection rate of CIN2þ per 1000 women in
screening (1.08%) is very similar to the value reported for Sweden as
a whole of 0.7% (Ponti et al, 2017, Table 4.13.3). This value later is
based on women between 30 and 59 years, and therefore is expected
to be somewhat lower than for the age range 30–49 years. Women
scheduled for the organised screening were randomised and then
returned to the organised screening (control arm) or sent
information for self-sampling. This could have resulted in an age
difference, but we did not detect a difference in the age distribution
between participants and non-participants of each study arm or
between the participants of the two study arms. Women participat-
ing in the HPV arm did not have to pay, while there was a small fee
to perform Pap smear cytology. This could have introduced a bias in
favour of self-sampling. Since nothing was mentioned in the
information to the woman receiving the self-sampling kit regarding
the fee we do not think this asymmetry had a significant impact on
the participation rate. Women in the HPV arm who had not
returned their sample within 3 weeks were reminded by letter, while
the women in the organised screening had to wait until the following
year (12 months) to be reminded. This bias might have contributed
to the higher participation rate seen in the HPV arm, but the
magnitude of this effect is difficult to estimate.

In summary, the strategy of self-sampling of VF and repeating
the HPV test resulted in more than a two-fold higher detection rate
of CIN2þ lesions as compared with Pap smear cytology. Self-
sampling followed by HPV test increased the number of CIN2
lesions detected, providing an opportunity for early detection, and
also underscoring the need for additional biomarkers than can
identify lesions that may not need treatment.
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