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Background. To overcome obstacles within the Slovenian organised cervical cancer screening programme, a 
randomised pilot study of human papillomavirus (HPV) self-sampling among non-attenders was performed, aiming to 
assess three different screening approaches.
Participants and methods. Non-attenders aged 30–64 years from two Slovenian regions were randomised to two 
HPV self-sampling groups – the opt-in (I1, n = 14.400) and the opt-out (I2, n = 9.556), with a control group (P, n = 2.600). 
Self-collected samples were analysed using the Hybrid Capture 2 assay. HPV-positive women were invited to a col-
poscopy. The overall and type-specific intention-to-screen response rates and histological outcomes with a positive 
predictive value (PPV) according to the women’s age, the screening approach, the level of protection resulting from 
previous screening history, and the region of residence were assessed.
Results. Of the 26.556 women enrolled, 8.972 (33.8%) responded with self-sample for HPV testing and/or traditional 
cytology within one year of enrolment. Response rates were 37.7%, 34.0% and 18.4% (p < 0.050) for opt-out, opt-in and 
control groups. Cervical intraepithelial neoplasia (CIN)2+ was diagnosed in 3.9/1.000, 3.4/1.000, and 3.1/1.000 women 
(p > 0.050), respectively. PPV of the HPV self-sampling was 12.0% and 9.6% for CIN2+ and CIN3+. The highest PPV was 
obtained in non-attenders in screening programme for more than 10-years and concordant results of HPV testing with 
40.8% for CIN2+ and 38.8% for CIN3+.
Conclusions. The results of our study show that a high response to HPV self-sampling can be achieved also in an 
opt-in approach, if women are encouraged to choose between self-sampling at home and screening with gynae-
cologist. In addition, clinically important risk difference for a high-grade cervical lesion exists in the case of a positive 
result of HPV testing on self-collected samples, depending on the length of the interval since last screening. Stratified 
management of these women should be strongly considered. Women who were not screened with cytology for at 
least 10 years should be referred to immediate colposcopy for histology verification instead to delayed re-testing.
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Introduction

Cervical cancer screening programmes have suc-
cessfully reduced the incidence of and mortal-
ity from cervical cancer in several countries.1-3 In 
well-organised population-based programmes 
with good screening test coverage, around half or 
more of new cases are detected in non-attenders, 
who usually represent the minority of the eligible 
population.4 Furthermore, these cancers are more 
often diagnosed in advanced stages, requiring 
more invasive treatment and subsequently lead-
ing to lower quality of life and survival.5-7 Similar 
findings were identified in Slovenia after the im-
plementation of the national, population-based, 
organised cervical cancer screening national pro-
gramme (NP) ZORA.8 

The NP ZORA was implemented in 2003 with 
conventional cytology in three-year screening in-
tervals for women aged 20–64 years. The three-year 
coverage of the target population with a screening 
test is just above 70%, and its five-year coverage 
is just above 80%.8 Higher coverage is observed 
in younger women and reaches 80% in the 20–24 
age group. It drops below 70% in women above 50 
and is just below 55% in the oldest age group of 
women aged from 60 to 64. Coverage also varies 
between administrative units.8 Slovenia is among 
the European countries with the highest historical 
cervical cancer incidence rates but is also among 
the countries with the most pronounced decline 
in cervical cancer incidence rates over time.9 The 
steepest decline was observed after the implemen-
tation of the NP ZORA, with the annual change be-
ing -5.8% in 2003‒2015.3 Non-attenders in the NP 
ZORA account for 50‒60% of new cervical cancer 
cases, among which more than 80% are diagnosed 
at FIGO stage II or higher, compared to regular at-
tenders where only 20% of cancers are diagnosed 
at stage II or higher.10

Non-attendance is the main limiting factor for 
achieving the full health benefit of screening pro-
grammes at the population level in a well-organ-
ised, high-quality screening setting. Recent system-
atic reviews and meta-analyses have shown that of-
fering human papillomavirus (HPV) self-sampling 
at home to non-attenders can significantly increase 
attendance and the detection of high-grade cervi-
cal lesions, compared to currently widely used 
reminder letters for clinician-based screening.11 
Consequently, the recently renewed European 
guidelines for quality assurance in cervical cancer 
screening12 recommend that countries with organ-
ised screening assess whether HPV self-sampling 

is feasible and cost-effective for non-attenders in 
the local setting. If it is, countries are encouraged 
to upgrade their existing screening programmes, 
but only if they can provide careful monitoring 
and evaluation of the desired performance and 
outcomes after implementation. Since HPV self-
sampling has similar sensitivity as cytology but 
lower sensitivity than HPV testing of practitioner-
obtained cervical samples13, HPV self-sampling is 
recommended only for non-attenders in the organ-
ised programmes and not for all women.12

There are two main approaches to self-sam-
pling, and there is lack of evidence which of them 
has a higher overall effect among non-attenders 
and is more cost-effective. With the opt-out ap-
proach, self-sampling devices (testers) are sent by 
regular mail to non-attenders, while with the opt-
in approach, women are invited to order a tester 
or a tester can be picked up at a local pharmacy.11 
Since response rates in early randomised opt-in 
studies were comparable to control groups and 
much lower than in opt-out studies14-16, the opt-in 
approach was not favoured in further studies.11 
When implementing a new intervention at the 
population level, however, it is necessary to keep 
costs as low as possible. Due to high wastage of 
distributed testers, the opt-out approach might be 
less feasible in terms of cost-effectiveness, while 
the opt-in approach mitigates this problem. To the 
best of our knowledge, only two studies have been 
published until now that suggest that the opt-in 
approach could generate a high response. A recent 
Swedish study showed a significantly higher re-
sponse in opt-in self-sampling compared to both a 
reminder letter and a reminder telephone call, but 
the study did not include an opt-out group.16 Only 
one, very recent, randomised study, conducted in 
Denmark, showed a higher response in an opt-in 
self-sampling group compared to a control group, 
but even there the response was lower than in the 
opt-out group.17

The available evidence supports the implemen-
tation of HPV self-sampling in countries with well-
organised screening, such as Slovenia. The aim of 
the present study, performed among non-attenders 
in the NP ZORA, was to compare three approaches 
(opt-out, opt-in and a reminder letter for screen-
ing at the clinic) in a randomised setting within an 
ongoing, population-based screening programme 
with relatively high coverage. Two main research 
questions were probed: (1) is it possible to reach 
an adequate response rate in the opt-in compared 
opt-out approach if women are given the option 
to order a tester for HPV self-sampling or visit a 
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gynaecologist for cytology and are encouraged to 
select their preferred option? and (2) should the 
same follow-up diagnostic procedure be used for 
all women following a positive result of HPV test 
performed on self-collected samples taken at home 
or should a stratified approach be considered?

Participants and methods
Study protocol

The study was designed as a pilot for HPV self-
sampling among non-attenders in the NP ZORA. 
It was an open label, multi-arm study with a ran-
domised design. Study protocol is summarised 
below; full protocol is described in details in 
Supplementary material (SupMat 1). 

Women were eligible for the study if they were 
aged 30−64, had no cytology result registered in the 
National Cervical Cancer Screening Registry (the 
ZORA registry) in the last four years, had their per-
manent residence in the Celje or Maribor regions, 
and had no recorded hysterectomy in the ZORA 
registry. Total of 26.556 eligible women were ran-
domly selected from the ZORA registry and ran-
domly allocated to the opt-in (I1, n = 14.400), opt-
out (I2, n = 9.956) or control (P, n = 2.600) groups 
(Figure 1). The eligible women were randomly se-
lected and allocated once per month, using a ran-
dom number generator in R.18 The randomisation 
was stratified by five-year age groups, screening 
history and region of residence. Ten random se-
lections and allocations were done in 2015, as de-
scribed in the supplementary material (SupMat 1). 
Invitation letters with attached questioner for dou-
ble-checking the eligibility criteria were sent with-
in a month of the enrolment to all selected women, 
between 6 January and 1 December 2015. Women 
were excluded from further correspondence in 
three distinct stages; after the initial letter was sent 
but before a tester was sent, after a tester was sent 
or after the result of the HPV test performed on a 
self-collected sample was sent (Figure 1). 

During the study, all the women had free access 
to regular cytological screening with their personal 
gynaecologist (PG), who are the providers of cervi-
cal screening in Slovenia. Women in the interven-
tion groups were invited to take a cervicovaginal 
sample with a self-sampling device (tester) at their 
home, following the manufacturer’s instructions, 
and send it to the laboratory by ordinary mail as 
soon as possible. 

Three different testers were used in the opt-
out study group: Qvintip (Aprovix AB, Uppsala, 

Sweden), HerSwab (Eve Medical, Toronto, 
Canada) and Delphi Screener (Delphi Bioscience, 
Scherpenzeel, the Netherlands). In the opt-in study 
group, only Qvintip was used. All self-collected 
samples were tested for the presence of 13 high-
risk HPV types using the clinically validated test 
Hybrid Capture 2 High-Risk HPV DNA assay 
(HC2, Qiagen, Hilden, Germany), following the 
manufacturer’s instructions. The cut-off value 
of RLU/CO = 1.00 pg/ml was used to distinguish 
between positive and negative HPV results. Self-
collected samples were evaluated for cellularity 
control by visual pellet assessment after centrifu-
gation. Self-collected samples with negative HC2 
result and no visual pellet were processed further. 
The DNA concentration was measured and, if it was 
below a cut-off point of 5 ng/ul, the sample was re-
garded as technically inadequate. Cytological and 
histological evaluations were performed by certi-
fied pathologists participating in the NP ZORA.

The result of the HPV test and further recom-
mendations were sent to all responders. If the re-
sult was HPV negative, it was recommended to the 
woman that she attend a regular cytological screen-
ing examination after three years. All women with 
a HPV positive result were offered an appointment 
for a colposcopy at a regional hospital (University 
Clinical Centre Maribor or Celje General Hospital). 
Women with technically inadequate self-collected 
samples received invitation to visit their PG. In the 
case of an abnormal colposcopy result, a biopsy 
was taken; no blind biopsies were taken. Women 
were managed according to the national guide-
lines.19

The study was coordinated by the Institute of 
Oncology Ljubljana. It was conducted in compli-
ance with the Helsinki Declaration and was ap-
proved by the National Medical Ethics Committee 
at the Slovenian Ministry of Health (consents Nos. 
155/03/13 and 136/04/14). It was financed by the 
Slovenian Research Agency and the Slovenian 
Ministry of Health (trial No. L3-5512).

Primary and secondary outcomes

The primary outcomes were: (1) intention-to-screen 
response rates among all enrolled women and (2) 
high-grade histology outcomes among all enrolled 
women and all responders according to the age of 
the woman, opt-in and the opt-out approach, re-
gion of residence and the level of protection result-
ing from previous screening history. The intention-
to-screen response rate was computed as a pro-
portion of enrolled women (all women who were 
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Nonresponders randomly se-
lected from screening registry 

ZORA 

n=26,556 

Allocated to I1 (opt-in)  
– invitation sent 

n=14,400 

Allocated to I2 (opt-out) 
– invitation sent 

n=9,556 

Allocated to P  (control)
–  invitation sent 

n=2,600 

Excluded from further 
corespondence (F1) 

n=2,210 

Excluded from further 
corespondence (F1) 

n=871 

Excluded from further 
corespondence (F1) 

n=153 

Tester ordered  

–  tester sent 

n=3,194 

Would prefer cytology with a 
PG – central invitation sent 

n=1,293 

No answer 

n=7,703 

Tester sent 

n=8,605 

Excluded from further 
correspondence (F2) 

n=20 

Excluded from further 
correspondence (F2) 

n=14 

Excluded from further 
correspondence (F2) 

n=523 

HPV self-sampling 
n=2,260 

n (HPV+)=194 

Cytology with a PG only 
n=2,356 

n (ASC-US+)=119 

Both tests 
(HPV self-sampling and 
cytology with a PG) 

n=264 
n (HPV+)=1 

n (ASC-US+)=9 

Histology only n=16 

HPV self-sampling 
n=2,336 

n (HPV+)=230 

Cytology with a PG only 
n=910 

n (ASC-US+)=57 

Both tests 
(HPV self-sampling and 
cytology with a PG) 

n=348 
n (HPV+)=5 

n (ASC-US+)=13 

Histology only n=4 

Cytology with a PG 
only 

n=477 
n (ASC-US+)=23 

Histology only n=1 

Excluded from further 
correspondence (F3) 

n=5 

Excluded from further 
correspondence (F3) 

n=56 

HPV self-sampling 
n (CIN2+)=19 
n (CIN3+)=14 

Cytology with a PG only 
n (CIN2+)=26 
n (CIN3+)=19 

Both tests 
(HPV self-sampling and 
cytology with a PG) 

n (CIN2+)=0 
n (CIN3+)=0 

Histology only 
n (CIN2+)=4 
n (CIN3+)=3 

HPV self-sampling 
n (CIN2+)=24 
n (CIN3+)=19 

Cytology with a PG only 
n (CIN2+)=13 
n (CIN3+)=10 

Both tests 
(HPV self-sampling and 
cytology with a PG) 

n (CIN2+)=0 
n (CIN3+)=0 

Histology only 
n (CIN2+)=0 
n (CIN3+)=0 

Cytology with a PG 
only 

n (CIN2+)=8 
n (CIN3+)=5 

Histology only 
n (CIN2+)=0 
n (CIN3+)=0 

FIGURE 1. Flow diagram of 26.556 non-attenders in the organised 
Slovenian cervical cancer screening programme ZORA, randomly 
selected from a screening registry for pilot implementation of HPV 
self-sampling and randomly allocated to the opt-in (I1), opt-out 
(I2) and control (P) study group. 
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randomly selected from the ZORA registry) with a 
response within one year after the enrolment. The 
response was defined as having an HPV test per-
formed on self-collected sample and/or cytology 
with PG within one year after the enrolment. The 
response types were classified as ’HPV self-sam-
pling only’ (type A response), ‘cytology screening 
with a PG only’ (type B response), or ‘both tests’ 
(both HPV test on self-collected sample and cytol-
ogy screening with a PG, type C response). Very 
few women visited PG for a cytological screening 
after the enrolment, but only a histological sam-
ple was taken from the cervix, mostly because the 
changes of the cervix were already visible. These 
women were considered type B responders. The 
high-grade histological outcome was defined as 
the diagnosis of a cervical intraepithelial neopla-
sia (CIN)2+ or CIN3+ lesion within one year after 
enrolment in the study. High-grade histology out-
comes were computed as a proportion of women 
with the CIN2+ or CIN3+ outcome among all the 
enrolled women and among the responders. PPV 
of the HPV test was computed as a proportion of 
women with a high-grade histological outcome 
among all the women who attended colposcopy 
after a positive HPV test. Cytological and histologi-
cal outcomes within one year after the enrolment 
were identified for all the enrolled women by link-
ing the study database with the ZORA registry. If 
a woman had more than one histological outcome, 
the lesion with the highest grade was used in cal-
culations. 

Secondary outcomes were: (1) tester ordering in 
the opt-in study group, (2) the results of the HPV 
test on self-collected sample, (3) the compliance at 
further examinations for women with a positive 
HPV test, and a (4) positive concordance of the 
result of the HPV testing on self-collected sam-
ples and on samples taken by a practitioner. The 
tester ordering was computed as a proportion of 
the women enrolled in the opt-in study group who 
opted in for a tester among all the women enrolled 
in opt-in study group. The results of screening tests 
are presented as the proportions of positive and the 
proportions of technically inadequate self-collect-
ed samples. The compliance was computed as the 
proportion of all the women who attended the ex-
amination either at a regional clinic or with their 
PG from all the women with a positive HPV test 
performed on self-collected sample. The results of 
the HPV testing on self-collected samples and on 
practitioner-obtained samples were concordant if 
both were positive at the cut-off value RLU/CO = 
1.00 pg/ml.

Statistical analyses

Response rates were analysed only on the inten-
tion-to-screen basis. The effect size was estimated 
as a relative risk ratio within the 95% confidence 
interval (CI). Predefined subgroup analyses of pos-
sible significant predictors for the response and 
histological outcomes were performed with the aim 
to identify common characteristics of responders 
and approaches with the highest response rate and 
high-grade lesions detection (Table 2 and Table 3). 
The univariate logistic regression was used to as-
sess if the outcome was significantly associated 
with the possible predictor. The multivariate logis-
tic regression analysis was performed for all prima-
ry and secondary outcomes to adjust the outcome 
for predefined predictors. The predefined predic-
tors included in these analyses were the woman’s 
age, the region of residence, the level of protection, 
and the study group. The data on predictors were 
obtained from the ZORA registry at the time of the 
random selection. The level of protection due to 
previous screening history was categorised as ‘me-
dium protection’ if the last cytology was done 4‒9 
years prior to the enrolment and as ‘no/low protec-
tion’ if the last cytology was done 10 years or more 
prior to the enrolment or if the woman didn’t have 
any cytology result in the ZORA registry. Age was 
used as a continuous variable in all univariate and 
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multivariate analyses. In the subgroup analysis, 
women’s age was described in terms of the mean 
and the 95% confidence intervals. Other possible 
predictors were described as proportions; chi-
square test was used to determine if the observed 
difference in the distribution of proportions within 
subgroups was statistically significant. Additional 
analyses were performed to explore type-specific 
response rates (Figure 2), high-grade disease out-
comes among responders, and high-grade disease 
outcomes in subgroups of women with the high-
est PPV for high-grade disease. All analyses were 
conducted with SPPS 22.0 (SPSS; Chicago, IL, USA) 
and the open source programme language R, using 
2-tailed tests and the significance level α = 0.050.18 
We have used the random number generator in the 
programme language R for the study group selec-
tion, programme language R was also used for the 
calculations of relative risk ratios and their 95% 
confidence intervals.

Results
Characteristics of women

In total, 26.556 non-attenders in the Slovenian 
organised cervical cancer screening programme 
ZORA were randomly selected and randomly allo-
cated to three study groups: the opt-in group (I1, n 
= 14.400), the opt-out group (I2, n = 9.556), and the 
control group (P, n = 2.600) (Figure 1).

Table 1 shows the characteristics of the enrolled 
women. The mean age was 49.8 years (95% CI: 
49.7–50.0) and was similar across all study groups. 
41.6% of women were permanently residing in the 
Celje region and 58.4% in the Maribor region. More 
than half of the enrolled women (53.1%) had no/
low level of protection. The distribution of women 

according to the level of protection differed signifi-
cantly between the study groups, most likely due 
to the refreshment of the target population with 
new women with medium protection who became 
eligible for the study between samplings and be-
cause different study groups were included at dif-
ferent samplings (SupMat 1).

Altogether 3.852 (14.5%) women were excluded 
from further correspondence at different stages 
during the study after the initial invitation letter 
with a questionnaire was sent (Figure 1). Major rea-
sons were a previous unregistered hysterectomy 
reported by woman via questionnaire attached to 
the study invitation letters (4.0%, 1.075/26.556), un-
delivered invitation letter due to unknown address 
or unaccepted mail (3.6%, 947/26.556), recent cytol-
ogy not yet registered in the ZORA registry (2.2%, 
591/26.556), living abroad (2.0%, 537/26.556), rejec-
tion of participation in the study (1.9%, 500/26.556), 
or other reasons, such as virginity, severe disabil-
ity, current pregnancy, or other (0.8%, 202/26.556). 

Response

Out of 26.556 enrolled women, 8.972 (33.8%) self-
collected a sample for the HPV test or attended 
screening with their PG up to one year after the 
initial invitation letter was sent. In the univariate 
analysis, the overall response rate was significantly 
associated with the study groups, age of women 
and the level of protection, but not to the region of 
residence. After the adjustment in the multivariate 
analysis, the overall response was significantly as-
sociated with all the predictors.

Table 2 shows intention-to-screen response rates 
in study groups. The response rates were signifi-
cantly different among all study groups. Response 
was 2.0-times higher (95% CI: 1.9–2.2) in the opt-
out study group than in the control study group 
(37.7% vs. 18.4%), 1.8-times higher (95% CI: 1.7–2.0) 
in the opt-in study group than in the control study 
group (34.0% vs. 18.4%) and 1.11-times higher (95% 
CI: 1.07–1.15) in the opt-out study group than in the 
opt-in study group (37.7% vs. 34.0%). Women with 
medium protection had a 2.8-times higher (95% 
CI: 2.7–2.9) response rate than women with no/low 
protection (51.1% vs. 18.5%). The responders from 
the Maribor region were also statistically signifi-
cantly older than responders from the Celje region. 

Response rates also remained significantly dif-
ferent among study groups in a stratified analysis 
of the subgroup of women with medium and with 
no/low protection due to the past screening his-
tory (Table 3). In the subgroup of women with no/

TABLE 1. Characteristics of women enrolled in the study. 

Number % I1
opt-in

I2
opt-out

P
control P-value

Number 26,556 100.0 14,400 9,556 2,600

Age

Mean age (95% CI)

Level of protection

medium 12,464 46.9 6,796 4,540 1,128

no/low 14,092 53.1 7,604 5,016 1,472

Region

Celje 11,055 41.6 5,996 3,984 1,075

Maribor 15,501 58.4 8,404 5,572 1,525

*Statistically significant result at α = 0.05.

0.951

All randomly 
selected and 

allocated women

Total STUDY GROUPS

0.001*

49.8
(49.7-50.0)

49.8
(49.7-50.0)

49.8
(49.6-50.0)

50.0
(49.6-50.3)

TABLE 1. Characteristics of women enrolled in the study 
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no. per 1000 (‰) 
with 95% CI no. per 1000 (‰) 

with 95% CI

26,556

8,972

all 14,400

responders 4,896

all 9,556

responders 3,598

all 2,600

responders 478

all 11,055

responders 3,666

all 15,501

responders 5,306

all 12,464

responders 6,367

all 14,092

responders 2,605

*Statistically significant result at α = 0.05.

HSIL/CIN2+ HSIL/CIN3+

All women
33.8%

(33.2%‒34.4%)
49.0

(48.7-49.2) 94 3.5‰
(2.9‰‒4.4‰)
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of 
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with 95% CI

Mean age
(95% CI) of 
responders
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A
LL

 
W

O
M

EN

71 2.7‰
(2.1‰‒3.4‰)

Responders

ST
UD

Y 
G

RO
UP

S

I1
opt-in

34.0%
(33.2%‒34.8%)

49.0
(48.7-49.3) 49

P
control

18.4%
(16.9%‒19.9%)

48.0
(47.2-48.9) 8

3.4‰
(2.5‰‒4.5‰) 36 2.5‰

(1.8‰‒3.5‰)

I2
opt-out

37.7%
(36.7%‒38.6%)

49.0
(48.6-49.3) 37 3.9‰

(2.8‰‒5.4‰) 30 3.1‰
(2.2‰‒4.5‰)

3.1‰
(1.4‰‒6.3‰) 5 1.9‰

(0.7‰‒4.8‰)

p-value < 0.000* 0.766 0.557

RE
G

IO
N

Celje 33.2%
(32.3%‒34.0%)

48.3
(47.9-48.6)

0.070 0.708

38 3.4‰
(2.5‰‒4.8‰) 28 2.5‰

(1.7‰‒3.7‰)

43 2.8‰
(2.0‰‒3.8‰)56

0.813

0.838

TABLE 2. The main results by their predictors. Intention-to-screen response rates, the mean age of responders and histological outcomes are 
presented as absolute numbers, proportions (per 100 or 1,000) and 95% confidence intervals (CI) by the study group, the region of residence and 
the level of protection. 

33 2.6‰
(1.9‰‒3.8‰)

No/low 18.5%
(17.8%‒19.1%)

51.1
(50.9-51.3) 46 3.3‰

(2.4‰‒4.4‰) 38 2.7‰
(1.9‰‒3.7‰)

LE
VE

L 
O

F 
PR

O
TE

C
TIO

N

Medium 51.1%
(50.2%‒52.0%)

48.4
(48.2-48.7) 48 3.9‰

(2.9‰‒5.1‰)

p-value <0.000* 0.422

3.6‰
(2.8‰‒4.7‰)

p-value

Maribor 34.2%
(33.5%‒35.0%)

49.4
(49.2-49.7)

low protection, the response was also significantly 
higher in the Maribor (19.5%) than the Celje region 
(17.0%). 

Type-specific response

Out of 26.556 enrolled women, 4.596 (17.3%) wom-
en performed only HPV self-sampling, (type A 
response), 3.764 (14.2%) attended screening with 
their PG only (type  B response) and 612 (2.3%) 
women performed both HPV self-sampling and at-
tended the screening with the selected PG (type C 
response). In total, 5.208 HPV tests performed on 

self-collected samples (4.596 + 612) and 4.355 cyto-
logical results (3.743 + 612) were registered during 
the study. Among 3.764 women with the type B re-
sponse, 3.743 had the cytology result recorded and 
21 had only the histology result recorded (without 
cytology). Most women with the type C response 
first had the HPV testing on self-collected sample 
and later decided to additionally attend the cyto-
logical screening with their PG (92.6%, 567/612).

Figure 2 shows the intention-to-screen response 
rate by the type of response in all the three study 
groups. Distribution of type A and type B response 
rates in opt-in and opt-out group differed in such 

TABLE 2. The main results by their predictors. Intention-to-screen response rates, the mean age of responders and histological 
outcomes are presented as absolute numbers, proportions (per 100 or 1.000) and 95% confidence intervals (CI) by the study group, 
the region of residence and the level of protection
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Number 
of women

Response rate 
per 100 (%) with 

95% CI

Number 
of women

Response rate 
per 100 (%) with 

95% CI

all 6,796 7,604

responders 3,501 1,395

all 4,540 5,016

responders 2,486 1,112

all 1,128 1,472

responders 380 98

all 5,361 5,694

responders 2,700 966

all 7,103 8,398

responders 3,667 1,639

*Statistically significant result at α = 0.05.

I1
opt-in

ST
UD

Y 
G

RO
UP

S

p-value

P
control

I2
opt-out

RE
G

IO
N

Celje 50.4%
(49.0%‒51.7%)

17.0%
(16.0%‒18.0%)

< 0.000* < 0.000*

p-value

Maribor

0.163 <0.000*

51.6%
(50.5%‒52.8%)

19.5%
(18.7%‒20.4%)

33.7%
(30.9%‒36.5%)

6.7%
(5.5%‒8.1%)

54.8%
(53.3%‒56.2%)

22.2%
(21.0%‒23.3%)

51.5%
(50.3%‒52.7%)

18.3%
(17.5%‒19.2%)

TABLE 3. Response rate stratified by the level of protection due to previous screening. Intention-to-screen 
response rates are presented as absolute numbers, proportions (per 100) and 95% confidence intervals (CI) 
by the study group and the region of residence.

Level of protection
Medium No/low

way, that type A response was statistically signifi-
cantly higher in opt-out compared to opt-in group 
(24.4% vs. 15.7%, 95% CI do not overlap) and con-
trary, the type B response was statistically signifi-
cantly higher in opt-in compared to opt-out group 
(16.5% vs. 9.6%, 95% CI do not overlap) and at 
the same time comparable to the response in the 
control group (18.4%, overlapping 95% CI with 
the opt-in but not with the opt-out study group) 
(Table 2 at SupMat2). Only a small proportion 
of women – 1.8% in the opt-in study group and 
3.6% in the opt-out study group – had the type C 
response. The supplementary material provides 
further data regarding the statistically significant 
differences in the type A, B and C response rates 
among the study groups (SupMat 2).

Tester order in the opt-in group

Out of 14.400 women in the opt-in study group, 
22.2% (3.194/14.400; 95% CI: 21.5%–22.9%) or-
dered the tester. The ordering was significantly 
associated with the region and the level of pro-
tection. It was 1.1-times higher (95% CI: 1.1–1.2) 
in the Maribor than the Celje region (23.4% vs. 
20.4%), and 1.6-times higher (95% CI: 1.5–1.7) in 
women with medium compared to no/low protec-
tion (27.4% vs. 17.5%). Out of 3.194 women who 
ordered the tester, 2.524 (79.0%; 95% CI: 77.6%–
80.4%) returned the self-collected sample. The 

response after the test order was significantly as-
sociated with the age and the level of protection. 
It was higher in elderly women and women with 
medium protection (81.6%, 1.520/1.863) than in 
younger women and women with low/no protec-
tion (75.4%, 1.004/1.331).

Results of HPV testing on self-collected 
samples

The overall HPV positivity rate in the total study 
population was 8.3% (95% CI: 7.5%–9.0%); the 
HPV was detected in 430 out of 5.208 self-collect-
ed samples (Figure 1). HPV positivity was 7.7% 
(195/2.524; 95% CI: 6.7%–8.9%) in the opt-in study 
group and 8.8% (235/2.684; 95% CI: 7.7%–9.9%) in 
the opt-out study group, the difference was not 
statistically significant. HPV positivity was also 
not significantly associated with the region and the 
level of protection. To the contrary, younger wom-
en had significantly higher positivity rates than 
older women in both intervention study groups.

The rate of technically inadequate self-collected 
samples was 1.4% (75/5.208; 95% CI: 1.1%–1.8%). 
Women with technically inadequate self-collected 
samples (mean age 56.0; 95% CI: 54.2‒57.8) were 
significantly older than all the women who self-
collected a sample for the HPV test (mean age 
50.3 years; 95% CI: 50.1‒50.6). The HPV test rate of 
technically inadequate self-collected samples was 
not associated with the study group, region, or the 
level of protection.

Compliance with a follow-up 
examination after a positive HPV test 

Out of 430 women with a positive result of HPV 
testing on self-collected samples, 388 (90.2%) com-
plied with a further follow-up examination; 333 
(77.4%) attended the prescheduled examination at 
a colposcopy clinic, and 55 (12.8%) visited a PG. 42 
(9.8%) of women with a positive result of HPV test-
ing on self-collected didn’t respond to the invita-
tion for a further follow-up examination. The com-
pliance was significantly higher in women from the 
Maribor region (92.9%, 234/252) and women with 
the medium protection (94.3%, 263/279) than in 
women from the Celje region (86.5%, 154/178) and 
women with no/low protection (82.8%, 125/151). 
The multivariate analysis confirmed that compli-
ance was not associated with the age of the women 
or the study group.

Out of 333 women who attended a further ex-
amination, 146 (43.8%) had a positive result of the 

TABLE 3. Response rate stratified by the level of protection due to previous 
screening. Intention-to-screen response rates are presented as absolute numbers, 
proportions (per 100) and 95% confidence intervals (CI) by the study group and the 
region of residence
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second HPV test carried out on a cervical sample 
obtained by the practitioner. The follow-up exami-
nation took place on mean of 57 days (median 48, 
range 13‒317 days) after the self-collected sample 
was received in the laboratory by mail. Women 
with concordant positive results of the HPV test-
ing on self-collected samples and on a practitioner-
obtained cervical samples were younger (mean age 
44.6 years; 95% CI: 42.9‒46.3) than women with 
discordant results (mean age 49.3 years; 95% CI: 
47.8‒50.9). In the multivariate analysis, the con-
cordance was not significantly associated with the 
study group, region, or the level of protection. 

Histological outcomes

In one year after the enrolment, 94 women were 
diagnosed with CIN2+ and among those 71 with 
CIN3+. Among the 94 CIN2+, there were 11 cervi-
cal carcinomas (3 adenocarcinomas, 8 squamous 
carcinomas), 59 CIN3, 23 CIN2 and a single case 
of vaginal intraepithelial neoplasia (VaIN) grade 
3. Ten out of eleven cervical carcinomas were di-
agnosed in women with no/low protection, and 
one in women with medium protection. Ten out of 
eleven carcinomas were diagnosed in women en-
rolled in intervention groups, and one in women 
enrolled in the control group. Eight of eleven carci-
nomas were diagnosed in women with the type B 
response; four of those only had a histological re-
sult without cytology. Five carcinomas were diag-
nosed in FIGO stage I (two in IA1 and three in IA2), 
four in stage IIB and two in stage IIIB. No CIN2+ 
was observed in the 612 women who underwent 
both tests (type C response).

The probability of the CIN2+ or CIN3+ outcome 
(per 1.000 women, ‰) among 26.556 enrolled 
women was 3.5‰ and 2.7‰, respectively (Table 2). 
The probability for the detection of CIN2+ or 

CIN3+ after the enrolment was significantly higher 
in younger women, in both the univariate and mul-
tivariate analysis, and it was decreasing with age. 
The study group, region and level of protection 
were not significantly associated with the CIN2+ or 
CIN3+ outcome. 

An additional analysis was done to evaluate 
the detection of CIN2+ and CIN3+ among the re-
sponders. The CIN2+ or CIN3+ detection rate in 
responders was 10.5‰ (94/8.972) and 7.9‰, re-
spectively (71/8.972) and was significantly associ-
ated with age and the level of protection, but not to 
the study group or region. The detection of CIN2+ 
or CIN3+ was significantly higher in younger than 
older responders. The responders with no/low pro-
tection had a significantly higher probability for 
high-grade lesions; 17.7‰ (46/2.605) had CIN2+ 
and 14.6‰ (38/2605) had CIN3+; compared to the 
responders with medium protection, where 7.5‰ 
(48/6.367) had CIN2+ and 5.2‰ (33/6.367) CIN3+. 
The estimated prevalence rate for the invasive cer-
vical cancer was 383.9/100.000 in study responders 
with no/low protection (10/2.605), compared to 
15.7/100.000 in the study responders with medium 
protection (1/6.367).

Positive predictive value of HPV testing 
on self-collected samples

Out of 333 women with a positive result of the HPV 
test performed on a self-collected sample who had 
colposcopy at a follow-up examination, 40 (12.0%) 
were diagnosed as CIN2+ and 32 (9.6%) as CIN3+ 
(Table 4). The PPV for CIN2+ and CIN3+ were sig-
nificantly associated with the level of protection 
in both univariate and multivariate analyses. The 
women with no/low protection had 2.5-times higher 
(20.0% vs. 8.1%; 95% CI: 1.4–4.4) PPV for CIN2+ and 
3.4-times higher (18.2% v 5.4%; 95% CI: 1.7–6.7) PPV 

all colposcopy CIN2+ CIN3+ CIN2+ CIN3+
Positive result of HPV test on self-collected sample

all women 430 333 40 32 12.0% 9.6%
women with medium protection 279 223 18 12 8.1% 5.4%

women with no/low protection 151 110 22 20 20.0% 18.2%

Concordant* results of HPV tests
all women na** 146 34 29 23.3% 19.9%
women with medium protection na 97 14 10 14.4% 10.3%
women with no/low protection na 49 20 19 40.8% 38.8%

*Results of HPV tests were concordant, if  HPV test on self-collected sample as well as sample taken by a practitioner were positive.

**Results not available (na), since only women with colposcopy had a sample taken by a practitioner. 

Number of women with PPV

TABLE 4. Positive predictive value (PPV) of HPV test for CIN2+ and CIN3+ in women who had undergone colposcopy after a positive HPV test on 
self-collected sample and in women with concordant results of both HPV tests. Results are stratified by the level of protection due to previous screening.

TABLE 4. Positive predictive value (PPV) of HPV test for CIN2+ and CIN3+ in women who had undergone colposcopy after a 
positive HPV test on self-collected sample and in women with concordant results of both HPV tests. Results are stratified by the 
level of protection due to previous screening

all colposcopy CIN2+ CIN3+ CIN2+ CIN3+
Positive result of HPV test on self-collected sample
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women with medium protection 279 223 18 12 8.1% 5.4%

women with no/low protection 151 110 22 20 20.0% 18.2%

Concordant* results of HPV tests
all women na** 146 34 29 23.3% 19.9%
women with medium protection na 97 14 10 14.4% 10.3%
women with no/low protection na 49 20 19 40.8% 38.8%

*Results of HPV tests were concordant, if  HPV test on self-collected sample as well as sample taken by a practitioner were positive.

**Results not available (na), since only women with colposcopy had a sample taken by a practitioner. 

Number of women with PPV

TABLE 4. Positive predictive value (PPV) of HPV test for CIN2+ and CIN3+ in women who had undergone colposcopy after a positive HPV test on 
self-collected sample and in women with concordant results of both HPV tests. Results are stratified by the level of protection due to previous screening.
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for CIN3+ than women with medium protection. 
Age was a significant predictor only in the multivar-
iate analysis for CIN2+. The study group and region 
were not significantly associated with PPV.

PPV was even higher in women with concordant 
positive HPV test results. Out of 146 women with 
concordant positive HPV test results, 34 (23.3%) 
were diagnosed with CIN2+ and 29 (19.9%) with 
CIN3+ (Table 4). Women with no/low protection 
and concordant positive HPV test results had the 
highest risk for a high-grade lesion; it was 40.8% 
(20/49) for CIN2+ and 38.8% (19/49) for CIN3+. The 
risk was significantly higher in this group than in 
women with medium protection and concordant 
positive HPV test results, where the corresponding 
risks were 14.4% (14/97) and 10.3%, respectively 
(10/97). In the multivariate analysis, this differ-
ence also remained significant after adjustment. In 
women with concordant positive HPV test result, 
age, study group, and region were not significantly 
associated with the high-grade histology outcome.

Discussion

The Slovenian HPV self-sampling study was carried 
out as a randomised study within an ongoing or-
ganised cervical cancer screening programme, with 
the aim to explore the possible predictors for the 
intention-to-screen response rates and high-grade 
histology outcome, including PPV among non-at-
tenders in the programme. Some predictors were 
related to the intervention (screening approach) 
and some were related to women’s characteristics 
(age, region of residence, and level of protection 
from previous screening). In the multivariate anal-
ysis, the response rate was significantly associated 
with all the predictors. It was significantly higher 
in the opt-out approach compared to the opt-in ap-
proach and in the opt-in approach compared to a 
regular reminder. A significantly better response 
rate was detected in younger women, women with 
medium protection and women from the Maribor 
region. We also observed a difference in the type-
specific response between the study groups. The 
response to attend routine cytology-based screen-
ing was higher in the opt-in approach group, while 
the HPV self-sampling response was higher in the 
opt-out approach group. In the multivariate analy-
sis, the histology outcome among all the enrolled 
women was associated only with age, with younger 
women having a significantly higher probability to 
be diagnosed with a high-grade lesion. However, 
the detection of high-grade lesions among respond-

ers was significantly associated with age and the 
level of protection. The responders with no/low 
protection had significantly higher detection rates 
of both CIN2+ and CIN3+ and significantly higher 
PPV for both CIN2+ and CIN3+, compared to wom-
en with medium protection, probably reflecting a 
higher background risk as well as lack of the screen-
ing effect in the women who did not participate in 
screening for a longer time.

Response

The response rates in all study groups were high-
er than the pooled response rates in intervention 
groups of the most recent meta-analysis on the sub-
ject.11 In our study, the response rates were 37.7% 
(95% CI: 36.7‒38.6), 34.0% (95% CI: 33.2‒34.8), and 
18.4% (95% CI: 16.9‒19.9) in the opt-out, opt-in and 
control groups, respectively, compared to the me-
ta-analysis, where the response rates were 23.6 % 
(95% CI: 20.2‒27.3), 14.0 % (95% CI: 8.0‒21.4), 10.3% 
(95% CI: 6.2‒15.2%) in the opt-out, opt-in, opt-out 
control and opt-in control approach, respectively.11 
Additionally, some previously published ran-
domised studies reported similar response rates 
in the opt-out and control groups, e.g. 34.2% and 
17.6%, respectively, in the Netherlands19, and 
39.0% in the opt-out group in a Swedish study.20 
The opt-in responses recorded in our study were 
also in line with a recently published randomised 
Danish study (30.9%) and a less powered Swedish 
study (24.5%), which are, to the best of our knowl-
edge, the only published randomised studies that 
showed a significantly higher response in the opt-
in group than in the control group; however, the 
second study was without the opt-out group.16,17 
Additionally, high overall response rates in opt-in 
groups were reached in some previous non-ran-
domised studies, e.g. 39.1% in the Swedish22 and 
34.2% in the Danish study.23

A high response rate obtained in the opt-in 
group (close to one obtained in the opt-out group, 
but still significantly lower) is probably the most 
important finding of our study. Thus, the opt-in/
control group response ratio was significantly 
higher in our study (1.8; 95% CI: 1.7‒2.0) than the 
one recorded in the most recent meta-analysis  
(0.97; 95% CI: 0.65‒1.46).11 High overall response in 
the opt-in group is a consequence of high response 
to cytology, since in the opt-in group, more women 
attended the screening with a PG than performed 
the HPV self sampling. A relatively high response 
rate to cytology was also observed in some other 
opt-in15,16,23 and opt-out studies24; however, the HPV 
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self-sampling response rate in those studies was al-
ways higher than the response rate to cytology. To 
our knowledge, there is only one recent study that 
obtained the higher response rate to cytology.17 In 
contrast, the opt-out/control group response ratio 
in our study was comparable to the pooled results 
of previous studies (our study: 2.0; 95% CI: 1.9‒2.2 
vs meta-analyses: 2.4; 95% CI: 1.7‒3.3).11

A high response in the opt-in group document-
ed in our study could be explained by several fac-
tors. First, we provided women with a choice and 
encouraged them to either order a tester for HPV 
testing or make an appointment with a PG. They 
could have made an appointment by themselves, 
but in the case that they returned the questionnaire 
stating that they would prefer screening with a PG, 
we sent them a regular invitation letter and due 
to local health insurance rules, PGs must screen 
women with such an invitation not later than three 
months after the request for a screening appoint-
ment. Second, since women in the opt-in group had 
to devote more effort to undergo screening (they 
had to order a tester), we sent them two reminders 
to order the tester. Therefore, women in the opt-in 
study group could have received up to five invita-
tion letters (the initial invitation letter, two remind-
ers for ordering the tester, the letter with the tester 
package, and a reminder to return the sample), 
compared to women in the opt-out group, who 
according to the study protocol could have not re-
ceived any reminders to order the tester. We used 
each contact as an opportunity to inform women 
why it was important to perform the screening and 
provided them with the option to communicate 
with us via a survey, telephone or email. Third, cy-
tology and the HPV testing responders had differ-
ent timelines for a response.25 One-year follow-up 
time in our study provided women with enough 
time to arrange their appointment and attend the 
screening with a PG. In comparison to our study, 
follow-up times in some of the other randomised 
studies were shorter (starting from 3 months)11, 
thus the full cytological response might not have 
yet been achieved. Fourth, mandatory recording of 
cytological results in the central screening registry 
enabled us to trace the clear majority of cytological 
results and to assess this type of response reliably.

Histological outcomes

CIN2+ was diagnosed in 3.6‰ (86/23.956 – 95% CI: 
2.9‰–4.5‰) of all the women enrolled in the in-
tervention groups and in 10.1‰ (86/8.494 – 95% CI: 
8.2‰–12.6‰) of all responders in the intervention 

groups. These results are in line with the recent 
meta-analysis where the corresponding probabili-
ties were 2.9‰ (95% CI: 1.6‒4.6‰) and 9.3‰ (95% 
CI: 6.8‒12.1‰).11 We didn’t record any significant 
difference in CIN2+ outcomes between the study 
groups; however, the probability for the CIN2+ di-
agnosis after the enrolment was higher in the opt-
out group (3.9‰) and the opt-in group (3.4‰) than 
in the control group (3.1‰). This is in line with pre-
vious studies that suggested that CIN2+ outcomes 
among all the enrolled women were related to the 
response rate and were, due to a higher response, 
higher in opt-out self-sampling groups than opt-in 
and control groups.11 Our study might be under-
powered for the detection of high-grade lesions, 
since it was scaled to detect difference in the re-
sponse rates. However, it should be noted that we 
observed an insignificantly higher detection rate of 
CIN2+ among the women who performed cytol-
ogy with PG in both intervention groups (12.6‰ in 
opt-in and 14.2‰ in opt-out), compared to women 
with the HPV testing (8.4‰ and 10.3‰) (data not 
shown). If the difference is real, that could be ex-
plained either as a high sensitivity of cytological 
screening by PGs and/or that women with a higher 
risk for CIN2+ (potentially some of them already 
symptomatic) preferred screening by PGs over 
HPV testing on self-collected samples. It should 
be noted that 7/10 women with cervical carcinoma 
who were enrolled in the intervention arm pre-
ferred cytological screening with PG; in four of 
them, the FIGO stage at diagnosis was IIB+. Only 
3/10 women with cervical carcinoma preferred self-
sampling (FIGO stages IA1, IA2 and IIB). It should 
also be emphasised that no single case of CIN2+ 
was detected among 612 women who preferred 
screening with both HPV self-sampling and PG, 
which might be explained as a low risk of disease 
among the women with negative HPV test among 
the women who overuse health interventions com-
pared to women who don’t.26

Results of HPV testing on self-collected 
samples

HPV positivity rate among women who performed 
HPV self-sampling was 8.3% (95% CI: 7.5%–9.0%), 
which is significantly lower than in a recent meta-
analysis (10.5%, 95% CI: 9.1%‒12.9%).11 It is well 
known that HPV positivity rate is country- and 
age-specific. Lower HPV positivity rate recorded 
in our study could be related to a relatively high 
mean age of the HPV self-sampling responders, 
which was 50.3 years. In comparison to the results 
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of a Slovenian study performed among 4.431 wom-
en aged 20‒64 who regularly attended the national 
cervical cancer screening programme, we recorded 
a higher HPV positivity rate in all age groups ex-
cept in the oldest women, aged 60‒64 years.27 This 
can be explained either as a higher risk of HPV in-
fection and cervical disease among non-attenders 
in the screening programme or as the detection of 
vaginal HPV infections in self-sampling samples 
that do not necessarily correlate with cervical HPV 
infections detected in practitioner-obtained cervi-
cal samples. A higher HPV positivity rate due to 
the detection of vaginal infections with low-risk 
HPV types might limit the cost-effectiveness of 
self-sampling due to a higher referral; however, it 
should be emphasised that one woman with a posi-
tive HPV test was diagnosed with VaIN3. 

Compliance with a follow-up 
examination after a positive HPV test

The compliance with a follow-up examination in 
our study was 90.2%, which is at the upper edge 
of the 95% confidence interval of the recent meta-
analysis, where the compliance was 82.2% (95% 
CI; 65.8‒94.4).11 The achieved high compliance 
was most probably the result of prescheduled ap-
pointments, personal contacts via telephone with 
women who did not attend, and two presched-
uled reminders. In our study the compliance was 
significantly related to the region of residence and 
the level of protection, so a different local context 
and the difference in the previous screening his-
tory might have contributed to the heterogeneity 
of results in various studies.

The concordance of positive results of HPV test-
ing performed on self-collected samples and on 
practitioner-obtained cervical samples was 43.8% 
compared to 52.0% in a recent Norwegian study 
(considering only HC2 results)28, 58.7% and 68.8% 
in Dutch studies29,30 and 73.3% in Swedish study.22 
The concordance is also associated with the time 
difference between the two samplings, which 
mean value was 57 days in our study; during this 
time, some transitional HPV infections might have 
cleared. Concordance could be lower also due to 
the detection of vaginal HPV infections in self-col-
lected samples.

Positive predictive value of HPV testing 
on self-collected samples

PPV of a test or testing strategy is important for 
justifying further diagnostic and therapeutic pro-

cedures and can be used in risk-based manage-
ment approach. If the risk is low for the underlying 
disease after a positive HPV test (PPV for CIN2+ 
<2% and CIN3+ <3%), the woman can be referred to 
regular screening.13,31 If the risk of the underlying 
disease is high (PPV for CIN2+ >20% and CIN3+ 
>10%), the woman should be referred to colpos-
copy. Women with an intermediate risk should be 
triaged or followed up. In our study, the PPV of the 
HPV testing on self-collected samples was 12.0% 
for CIN2+ and 9.6% for CIN3+, which represents an 
intermediate risk with PPV for CIN3+, close to the 
cut-off for high risk. The women with a positive re-
sult of the second HPV test, performed on the prac-
titioner-obtained cervical sample taken after mean 
of 57 days after a positive initial HPV testing had a 
much higher risk for the underlying disease, which 
justified immediate colposcopy (PPV was 23.3% for 
CIN2+ and 19.9% for CIN3+). However, there was 
a subgroup of women, with no/low protection due 
to a previous screening history, where the PPV of 
the HPV testing on self-collected samples was high 
enough (20.0% for CIN2+ and 18.2% for CIN3+) to 
justify immediate colposcopy. This could imply 
that more than one management strategy would be 
appropriate for the women with an initially posi-
tive HPV testing on self-collected samples. 

Strengths and limitation of the study

The key strengths of our study were a large sample 
size and the fact that the study was performed in 
the setting of an organised routine cervical cancer 
screening programme, which allows assessment 
of the efficacy as well as effectiveness of a possible 
upgrade to the Slovenian national screening pro-
gramme with HPV self-sampling for non-attenders 
with efficient triage strategy. To the best of our 
knowledge, this is one of the first randomised stud-
ies among non-attenders of an organised screening 
programme with three study groups: the opt-in, 
the opt-out and the classic reminders approach, 
which achieved a relatively high response in the 
opt-in scenario compared to the opt-out scenario. 
The randomised study design with predetermined 
possible predictors for response and the risk of dis-
ease will allow us to identify the benefits and risks 
of both approaches: the opt-in and the opt-out, the 
best strategy to upgrade the programme, and the 
related costs. Because colposcopy was done per the 
protocol in women with a positive HPV results, 
PPV was computed for different subgroups of 
women. This will allow informed evidence-based 
decisions regarding the risk-stratified diagnos-
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tic and treatment follow-up of women who had 
a positive result of HPV testing on self-collected 
samples.

The main limitations of our study were that 
women with a positive result of the HPV testing 
had more intensive per protocol diagnostic follow-
up (including colposcopy) than women with ab-
normal cytology, who were managed according to 
the national guidelines. This may account for the 
verification bias for histological outcomes when 
comparing the results of the HPV testing on self-
collected samples to cytology with PG or to previ-
ous studies which did not include an extensive col-
poscopy. However, the proportion of women with 
histology result in one year after their enrolment 
was similar and even higher in type B responders 
(4.0% of responders) compared to 3.4% in type A 
responders, and the detection rates of CIN2+ and 
CIN3+ lesions between type A and type B respond-
ers did not differ significantly (data not shown). 
The main reason for more intensive per protocol 
diagnostic follow-up for women with positive re-
sult of the HPV test was to reliably assess the risk 
for the underlying high-grade disease among those 
women. Furthermore, an additional cervical sam-
ple taken during a follow-up examination will en-
able the comparison of different triage strategies 
for women with a positive HPV result. We initially 
included some women who appeared to be eligible 
at the time of their enrolment, but were later found 
to be non-eligible due to hysterectomy and recent 
cytology with a PG, but not yet registered in the 
ZORA registry. We, however, anticipated such sit-
uation, which will also certainly be present during 
future real-life HPV self-sampling of non-attend-
ers. Because of this and the randomised nature of 
our study, we did not compute corrected response 
rates, and histological results and all analyses were 
made on the intention-to-screen basis (with all the 
enrolled women in the denominator).

Conclusions

In conclusion, an upgrade of the Slovenian cervical 
cancer screening programme ZORA with opt-out 
or opt-in HPV self-sampling could lead to a higher 
coverage of the target population. Also, stratified 
management of women with a positive result of 
the HPV testing on self-collected samples, accord-
ing to their characteristics and background risk for 
the high-grade disease, should be strongly consid-
ered. Our study showed that high response rate 
could also be reached in opt-in settings if women 

were given a choice to attend the screening with 
the PG or order tester for HPV self-sampling and 
if access to screening is free and available without 
significant additional effort. Our results suggest 
that in real-life screening settings, the opt-in ap-
proach might be almost as effective in the overall 
high-grade disease detection among all the eligible 
women as the opt-out approach while being supe-
rior regarding cost-effectiveness. However, an in-
depth analysis should be done to identify the most 
cost-effective HPV self-sampling approach in the 
local setting. Although the difference in PPVs of 
the HPV testing for high-grade disease among spe-
cific subgroups of women in our study supports 
the concept of risk-based management of women31, 
further in-depth analysis is needed to clarify the 
role of potential PPV predictors after a positive re-
sult of HPV testing on self-collected samples.
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