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ARTICLE INFO ABSTRACT

Keywords: Background: Comparative data on different self-collection methods is limited.

HPV test Objectives: To assess the impact of hrHPV testing of two self-collection devices for detection of cervical carci-
Vaginal smear noma and high-grade lesions.

Self-sampling Study design: Three hundred ten patients collected two cervicovaginal specimens using a brush (Evalyn”Brush)
pD::fI(f;nance and a swab (FLOQSwabs’:), and filled a questionnaire at home. Then, a physician at the clinic took a cervical
Acceptability specimen into PreservCyt buffer for hrHPV testing and cytology. All specimens were tested using Anyplex™ II

HPV28, Cobas’ 4800 HPV Test and Xpert HPV.

Results: Performance comparison included 45 cervical carcinomas and 187 patients with premalignant lesions.
Compared to the physician-specimen, hrHPV testing of Evalyn Brush showed non-inferior sensitivity for CIN3 +
(relative sensitivity of Anyplex™ 0.99; Cobas’ 0.96; Xpert"HPV 0.97) while hrHPV testing of FLOQSwabs™
showed inferior sensitivity (relative sensitivity of Anyplex™ 0.91; Cobas” 0.92; Xpert"HPV 0.93). Similar results
were observed for invasive carcinomas albeit that FLOQSwabs™ was statistically non-inferior to the physician-
specimen. Self-collection by either Evalyn’Brush or FLOQSwabs™ was more sensitive for CIN3+ than LSIL or
worse cytology. Significant decrease in sensitivity for CIN3+ were observed for FLOQSwabs™ when specimens
were preprocessed for hrHPV testing after 28 days. Both devices were well accepted, but patients considered
Evalyn“Brush easier and more comfortable than FLOQSwabs™.

Conclusions: Self-collection is comparable to current screening practice for detecting cervical carcinoma and
CIN3 + but device and specimen processing effects exist. Only validated procedure including collection device,
hrHPV assay and specimen preparation should be used.

Abbreviations: ACIS, adenocarcinoma in situ; ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cells of undetermined significance; AGUS, atypical
glandular cells of undetermined significance; CI, confidence interval; CIN1, cervical intraepithelial neoplasia grade 1; CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cervical
intraepithelial neoplasia grade 3; CIN3+, cervical intraepithelial neoplasia grade 3 or more severe diagnosis; CRN, Cancer Registry of Norway; hrHPV, high-risk human papillomavirus;
HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; LSIL+, low-grade squamous intraepithelial lesion or worse; OUH, Oslo University
Hospital; PPA, Proportion of positive agreement; PNA, Proportion of negative agreement; @HT, @stfold Hospital Trust
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1. Background

A high participation rate is essential for an effective screening
programme. A variety of personal and provider level factors influence
screening participation [1,2]. One promising approach to reach
screening non-responders is to offer them self-collection devices for
high-risk human papillomavirus (hrHPV) testing [3-6].

HrHPV testing on self- and physician-collected specimens has si-
milar sensitivity when a clinically validated PCR-based HPV assay is
used. While the meta-analysis revealed obvious test effects, no strong
conclusions about device effects were possible to draw [7]. To date, we
have limited evidence on the comparative performance and acceptance
of different devices [6,8-14].

Currently, European guidelines recommend HPV test as a primary
screening test for women above age of 30 years, when specimen is
collected by medical professional but not, yet, self-collection as a pri-
mary option [15]. However, some PCR-based hrHPV tests on self-spe-
cimens could be considered for routine screening after careful evalua-
tion of feasibility, acceptability, logistics and costs in the local setting
[7]. Still, there has been a concern whether HPV assays can detect
underlying cancer from the self-collected specimen. Very few studies so
far have included more than 10 cancers and results have been incon-
sistent [16-19].

2. Objectives

We performed a methodologic study assessing the impact of hrHPV
testing of two self-collection devices on sensitivity for cervical cancer
and high-grade lesions. We evaluated: 1) analytical and clinical sensi-
tivity of self-collection to physician-collected specimen tested by three
hrHPV assays and cytology among patients with cervical carcinoma and
premalignant cervical lesions and 2) women’s experiences and attitudes
towards screening and self-collection.

3. Study design
3.1. Study participants

Cancer Registry of Norway (CRN) conducted this study in co-
operation with two secondary and one tertiary care centers in the ca-
pital and South East region of Norway. Patients referred for treatment
of premalignant lesions were recruited from the @stfold Hospital Trust
(PHT) and Oslo University Hospital (OUH), Ullevél. Prior to the
scheduled conisation, CRN mailed to patients a package that included
an information letter, self-collection devices with written instructions,
and a consent form. Patients also received a questionnaire addressing
the acceptance of the self-sampling devices, screening history, sexual
habits and lifestyle. Patients with confirmed cervical carcinoma or
carcinoma suspicion were recruited at the Norwegian Radium Hospital.
Patients were informed about the study during their first consultation,
and they received a similar package which they could explore at home.
Recruitment period lasted from December 2014 to September 2016.

Altogether, 953 women received the study package, of which 310
(33%) returned the informed consent and the questionnaire. The re-
cruited study population consisted of 249 patients with cervical pre-
malignant lesion and 61 women with carcinoma diagnosis or carcinoma
suspicion (Fig. 1). Mean age at specimen collection was 38 years (range
from 21 to 80 years).

3.2. Interventions

Participants performed self-collection at home using two sampling
devices the day before their appointment at the hospital. Each woman
used a dry brush (Evalyn°Brush, Rovers Medical Devices, Lekstraat, The
Netherlands) and a dry swab (FLOQSwabs™, COPAN, Brescia, Italy).
The order of the device use was randomized, and clearly indicated on
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the study instructions. Women brought self-collected specimens, ques-
tionnaires and signed informed consents to their appointment from
where they were transported to the CRN.

Before the gynecologic procedure, a physician took a cervical spe-
cimen using a brush. The specimen was rinsed directly into PreservCyt”
buffer (Hologic, Inc., Marlborough, MA) for HPV testing, and for cy-
topathological evaluation using ThinPrep’ 2000 System. For all spe-
cimen types, the date of specimen-collection was the appointment date
at the hospital or, if not available, one day before the CRN received the
specimens.

At the CRN, self-collection devices were re-labelled and sent dry to
the laboratory of @HT at room temperature. The time interval between
specimen-collection and shipment to the laboratory ranged from four to
194 days, median time being 23 days. At the laboratory, Evalyn"Brush
and FLOQSwabs™ heads were suspended with 4.6 ml ThinPrep medium
each, and further processed accordingly to a published protocol [20]. A
resuspension volume of 4.6 ml was chosen to allow for aliquoting
4 x 1ml, and to leave some material available for re-analysis. The
choice was made based on personal communication with Dutch and
Scottish experienced scientists. Tubes with self-specimens were then
aliquoted in 4 x 1 ml, and aliquots were refrigerated or kept at —20C
before further analysis. Self-specimens were preprocessed on average
within six days [range 0, 28] after they were sent to the laboratory.

Anyplex™ II HPV28 Detection (Seegene Inc., Seoul, Korea) is a
multiplex real-time PCR-based assay that targets the viral L1 region and
provides simultaneous detection and genotyping of 28 HPV types. A
panel A includes 14 hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, 68) and a panel B 14 possibly carcinogenic or non-cancer
causing types (HPV 6, 11, 26, 40, 42, 43, 44, 53, 54, 61, 69, 70, 73, 82).
The panel A corresponds to a kit that complies with international
consensus validation metrics [21]. DNA was extracted from 1 ml of each
specimen type using the semi-automated extraction platform Nucli-
SENS" easyMag® (Biomerieux, Marcy L’Etoile, France), and eluted in
50 ul. The Anyplex™ was then performed at @HT according to the
manufacturer’s instructions. Briefly, the detection consists of two PCR
reactions (panel A and B). Both were performed in a total volume of
20 ul containing 5pul DNA, 5ul Mastermix and 5pl A or B Oligomix.
PCR was performed on CFX96™ Real-time PCR system (Bio-Rad La-
boratories GmbH, Munich, Germany).

Cobas’ 4800 HPV Test (Roche Molecular Diagnostics, Pleasanton,
CA) is a fully automated real-time PCR targeting the viral L1 region and
simultaneously detecting 14 hrHPV types. The test specifically identi-
fies HPV types 16 and 18 while concurrently detecting twelve other
hrHPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). Assay is
validated as formulated in international guidelines [22]. For all spe-
cimen types, a 1 ml aliquot was loaded on the Cobas’ instrument, and
all procedures performed according to the manufacturers’ instructions
at the OUH.

Xpert 'HPV (Cepheid, Sunnyvale, CA, USA) is an automated PCR-
based assay which targets the viral E6 and E7 oncogenes. It detects 14
hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68)
and provides concurrent partial genotyping (HPV 16 and HPV 18/45).
Xpert” HPV has been recently validated for primary cervical screening
[23]. For all specimen types, we added a 1ml aliquot to the Xpert
cartridge, and followed the manufacturer’s instructions on either Gen-
eXpertIV or GeneXpert Infinity throughout the analysis at the @HT.

Of all study participants, 59 patients were not hrHPV tested. We
excluded 18 patients because postal services failed to deliver their
specimens from the CRN to the laboratory, 32 because of a missing
physician-specimen, 8 patients who used one device only, and one
cancer patient who was advised to withdraw by her gynecologist
(Fig. 1). For all assays, we repeated the analysis on diluted samples
whenever specimen gave an invalid result. However, we could not di-
lute 20 specimens (2 Evalyn’Brush and 18 FLOQSwabs™) from 19 pa-
tients because there was not enough material for re-analysis. To avoid
detection bias in performance analyses, these patients were excluded
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Fig. 1. Included cases in the study with their final histological
outcomes.

249 cervical
premalignant lesions
referred to conisation

61 cancers or cancer
suspicions referred to
treatment / consultation

L

N

|—————— 13 patients lacked

specimens

234 Evalyn®Brush
235 FLOQSwabs™
207 physician specimen

53 Evalyn®Brush
51 FLOQSwabs™
52 physician specimen

16 patients lacked -

3 patients lacked

hrHPV analyses N

187 triplets with hrHPV
results

45 triplets with hrHPV
results

hrHPV analyses

] )

Histopathology Histopathology
32 normal histology 0 normal histology

6 CIN1 0 CIN1
12 CIN2 0 CIN2
133 CIN3, ACIS 4 CIN3, ACIS

4 invasive carcinoma 41 invasive carcinoma

leaving 232 patients with complete triplet of HPV test results for
comparison.

One experienced cytotechnologist and one cytopathologist per-
formed cytopathological evaluation according to the Bethesda classifi-
cation 2015 [24] without knowledge of the hrHPV status or histology.
Pathologists at local laboratories examined cervical biopsies, cone
specimens and hysterectomies and reported histology to the CRN which
we used as a study outcome. For premalignant lesions, we used his-
tology from a cone specimen, whereas for carcinoma or carcinoma
suspicion, we used the most severe diagnosis either from a biopsy or
from treatment.

3.3. Statistical analyses

Cohen’s kappa (k) was used to measure agreement of self- and
physician-collected specimen regarding hrHPV positivity by different
assays. Bias corrected 95% confidence intervals (CI) were estimated
using the bootstrap method provided in an ado file, kapci, written by
Michael E. Reichenheim using Stata (version 15.0 StataCorp, College
Station, TX, USA). We also calculated proportion of positive and ne-
gative agreement. Landis and Koch’s categorization was used to define
agreement from “poor” to “almost perfect” [25]. The sample size was
powered to detect substantial agreement (x = 0.80) between self- and
physician-collected specimen with a 5% a significance level.

We calculated absolute sensitivity for cervical carcinoma and
CIN3 + including ACIS. We estimated relative sensitivity with 90% CIs
using exact McNemar 2 Pycy of > 0.05 indicated no difference in
sensitivity between screening methods. Clinical performance of hrHPV
test on self-collected specimen was also compared to cytology at cut-off
of low-grade squamous intraepithelial lesion or worse (LSIL+). We
assessed non-inferiority at 5% significance level by calculating the 90%
CI for the difference in performance between the screening methods,
and examining the lower bound of the CI [26,27]. If the lower bound
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exceeded the predefined margin —0.10 for relative sensitivity [28],
hrHPV test on self-specimen was deemed non-inferior.

Questionnaire included 12 questions on women’s experiences and
attitudes towards self-collection. Response alternatives were on a 4-
level scale (“Fully agree”; “Somewhat agree”; “Disagree” and “No opi-
nion”). Here we grouped first two as “Agree” and “No opinion” and not
answered as one group. Furthermore, we present some of the questions
complementary to the original so that “Agree” would represent the
most positive experience for each question. Wilcoxon matched-pairs
signed-rank test was used to study possible device effects on experi-
ences. We also tested whether women's age, self-reported marital status
or education were associated with the perceptions on self-sampling
using a two-sided Fisher's exact test. All 310 women who returned the
questionnaire were included in these analyses.

4. Results

Two-hundred eight women (90%) tested positive for hrHPV in the
physician-specimen on any of the three assays. The hrHPV positivity of
the physician-collected specimen was 89% using Anyplex™, 86% using
Cobas’, and 86% using Xpert'HPV. Overall agreement between
Evalyn'Brush and physician-specimens was 94% (x = 0.68) using
Anyplex™, 91% (x = 0.64) using Cobas’, and 91% (x = 0.66) using
Xpert 'HPV. Evalyn’Brush showed slightly higher concordance and
higher proportion of positive agreement with physician-specimens than
FLOQSwabs™ for all hrHPV assays (Table 1). FLOQSwabs™ resulted
more often in invalid result on hrHPV testing with all studied HPV
assays. Proportion of invalid results on undiluted FLOQSwabs™ was
18% for Cobas’, 16% for the Xpert'HPV and 2% for Anyplex™.

The cytology diagnoses were carcinoma (n = 18), ACIS (n = 4),
HSIL (n = 84), AGUS (n = 13), ASC-H (n = 36), LSIL (n = 11), ASC-US
(n = 21), normal (n = 10) and unsatisfactory (n = 35). Of 45 histolo-
gically verified cervical carcinomas, 28 were squamous cell carcinomas,
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Agreement of self- and physician-collected specimen regarding hrHPV positivity by sampling method and HPV assay (n = 232).

Screening method hrHPV test result

Agreement hrHPV

Physician Pos Pos Pos Neg Neg Neg Fail
Self-specimen Pos Neg Fail Pos Neg Fail Pos
Anyplex™ II HPV28

Evalyn’Brush 201 6 0 8 17 0 0
FLOQSwabs™ 186 20 1 7 18 0 0
Cobas” 4800

Evalyn’Brush 188 11 1 7 23 1 1
FLOQSwabs™ 179 13 8 5 26 0 1
Xpert'HPV

Evalyn’Brush 188 11 0 9 24 0
FLOQSwabs™ 181 16 2 7 25 1 0

Fail
Neg

Fail Pos® Overall PPA PNA Kappa (95% CI)
Fail Pos”

0 207 209 94.0% 93.5% 54.8% 0.68 (0.52-0.83)
0 207 193 87.9% 86.9% 40.0% 0.50 (0.33-0.64)
0 200 196 91.0% 90.4% 54.8% 0.64 (0.49-0.77)
0 200 185 88.4% 86.9% 59.1% 0.60 (0.44-0.73)
0 199 197 91.4% 90.4% 54.5% 0.66 (0.52-0.80)
0 199 188 88.8% 87.9% 51.0% 0.60 (0.45-0.73)

hrHPV = High-risk human papillomavirus; Pos = Positive; Neg = Negative; Fail = Invalid result; PPA = Proportion of positive agreement; PNA = Proportion of negative agreement.

@ Overall hrHPV positivity in physician-collected specimen with given HPV assay.
" Overall hrHPV positivity in self-collected specimen with given HPV assay.

15 adenocarcinomas and two of other carcinoma type. Of 187 patients
with premalignant lesions, histological diagnoses from cone specimens
were ACIS (n = 9), CIN3 (n = 128), CIN2 (n = 12), CIN1 (n = 6) and
normal (n = 32).

Clinical performance of different screening methods for invasive
carcinoma and CIN3 + is presented in Table 2. In comparison with LSIL
+ cytology, hrHPV test on physician-specimen had higher sensitivity.
Anyplex™ detected 93% of carcinomas and 96% of CIN3+ when used
on physician-specimens. Absolute sensitivities for invasive carcinoma
and CIN3+ using Cobas’ and Xpert "HPV on physician-specimen were
close to sensitivities of Anyplex™. Relative sensitivity of any hrHPV test
on Evalyn’Brush was non-inferior to that of physician-specimen for all
study outcomes, whereas lower sensitivities were demonstrated with
FLOQSwabs™ for CIN3 +. Results were very similar when we used CIN2
or more severe diagnosis as an endpoint (data not shown).

Finally, we studied if delay in specimen preparation had an effect on
performance of self-collection. By adding together median delay in
shipment and specimen preparation at the laboratory (see above), we
defined 29 days to be reasonable throughput time in our material. We
rounded this to four full calendar weeks and stratified our analysis into
specimens prepared within 28 days (n = 111) and those prepared after
28 days (n = 121). Results from repeated analysis show that both de-
vices were non-inferior to physician-specimen in detecting all cervical
lesions up to 28 days of storage. While Evalyn Brush remained rather
stable with respect to hrHPV test performance, analytical and clinical

Table 2

sensitivity of FLOQSwabs™ declined notably after 28 days of storage
(Table 3).

Overall, both devices were well accepted (Fig. 2a and b). Self-col-
lection was generally considered easy, but it was easier using Eva-
lyn"Brush than FLOQSwabs™ (95% vs. 90%, P = 0.014). Evalyn’Brush
was also evaluated to be slightly more comfortable (76% vs. 69%,
P = 0.032) than FLOQSwabs™. Women with =13 years of education
tended to have more positive experiences on self-collection compared
to women with shorter education (Table 4). Experiences on self-col-
lection did not differ consistently by age (< 40 vs. =40 years of age) or
marital status of woman (married vs. unmarried).

88% of participants considered self-collection to be a good alter-
native for physician-collection, although 84% of women had more
confidence in physicians. Overall, 87% of women reported self-collec-
tion to be more convenient than visiting a physician. Women with
longer education had more positive experiences on convenience com-
pared to women having < 13years of education (90% vs. 78%,
P = 0.014) as shown in Supplementary Table 1. Younger women re-
garded self-collection as a good alternative more often than women
aged =40 years (92% vs. 80%, P = 0.002). Women with less than 13
years of education reported self-collection to be less painful than con-
ventional sampling more often than women with longer education
(77% vs. 64%, P = 0.036). Otherwise, we did not observe differences
on attitudes towards self-collection by age, marital status, or level of
education (Supplementary Table 1).

Sensitivity of self- and physician-collected specimen regarding presence of invasive carcinoma and cervical high-grade lesion by sampling method and HPV assay.

Screening method Sensitivity for CIN3+ (n = 182)

Sensitivity for invasive carcinoma (n = 45)

Absolute% Relative (90% CI) Puien Absolute% Relative (90% CI) Prien
Anyplex™ II HPV28
Physician HPV 95.6% Ref. 93.3% Ref.
EvalyanruSh 94.5% 0.99 (0.96-1.02) 0.727 91.1% 0.98 (0.91-1.05) 1.000
FLOQSwabs™ 87.4% 0.91 (0.88-0.95) < 0.001 86.7% 0.93 (0.85-1.02) 0.375
LSIL+ cytology 79.7% 0.83 (0.78-0.89) < 0.001 88.8% 0.95 (0.86-1.05) 0.688
Cobas” 4800
Physician HPV 94.0% Ref. 91.1% Ref.
Evalyn’Brush 90.7% 0.96 (0.93-1.00) 0.146 86.7% 0.95 (0.90-1.01) 0.500
FLOQSwabs™ 86.3% 0.92 (0.88-0.96) 0.001 82.2% 0.90 (0.83-0.98) 0.125
LSIL+ cytology 79.7% 0.85 (0.80—0.90) < 0.001 88.8% 0.98 (0.88-1.09) 1.000
Xpert'HPV
Physician HPV 94.5% Ref. 93.3% Ref.
Evalyn'Brush 91.2% 0.97 (0.93-1.00) 0.146 86.7% 0.93 (0.87-1.00) 0.250
FLOQSwabs™ 87.9% 0.93 (0.90-0.97) 0.002 82.2% 0.88 (0.80-0.97) 0.063
LSIL + cytology 79.7% 0.84 (0.79-0.90) < 0.001 88.8% 0.95 (0.86-1.05) 0.688

CIN3+ = cervical intraepithelial neoplasia grade 3 or more severe diagnosis; Pyiey = P-value exact McNemar x% Ref. = Reference.
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Effect of delay in specimen preparation on ability to detect the presence of hrHPV DNA and underlying disease from self-collected versus clinician collected specimen by sampling method

and HPV assay.

Screening method < 28days (n = 111)

> 28days (n = 121)

hrHPV positive

Relative sensitivity for CIN3 +

hrHPV positive Relative sensitivity for CIN3 +

% Kappa (95% CI) (90% CI) Pyien % Kappa (95% CI) (90% CI) Pyien
Anyplex™ I HPV28
Evalyn’Brush 93.7 0.74 (0.55-0.92) 0.99 (0.95-1.02) 1.000 94.2 0.56 (0.27-0.85) 0.99 (0.95-1.03) 1.000
FLOQSwabs™ 90.1 0.63 (0.43-0.83) 0.94 (0.89-0.99) 0.125 86.0 0.35 (0.11-0.57) 0.89 (0.84-0.95) 0.006
Cobas” 4800
Evalyn®Brush 92.8 0.76 (0.60-0.89) 0.97 (0.93-1.02) 0.625 89.3 0.46 (0.21-0.71) 0.96 (0.91-1.01) 0.289
FLOQSwabs™ 91.0 0.72 (0.55-0.86) 0.95 (0.90-1.00) 0.219 86.0 0.45 (0.22-0.66) 0.89 (0.83-0.95) 0.006
Xpert'HPV
Evalyn“Brush 92.8 0.77 (0.62-0.92) 0.96 (0.92-1.01) 0.375 90.1 0.45 (0.18-0.71) 0.97 (0.92-1.01) 0.453
FLOQSwabs™ 92.8 0.77 (0.59-0.91) 0.97 (0.95-1.00) 0.500 85.1 0.40 (0.17-0.61) 0.89 (0.84-0.95) 0.006

hrHPV = high-risk human papillomavirus; CIN3+ = cervical intraepithelial neoplasia grade 3 or more severe diagnosis; Pyiy = P-value exact McNemar

Women were asked which screening method they would choose in
the future, and only 19% of respondents preferred physician. Of 245
respondents in favor of self-collection, one third responded that device
does not matter, both were equally good. Of rest, slightly higher pro-
portion would rather use Evalyn'Brush than FLOQSwabs™ (37% vs.
29%, P =0.013). We did not observe differences on future's

preferences for self-collection by sociodemographic status (data not
shown).

5. Discussion

Our study revealed device effects in analytical and -clinical

Fig. 2. Women’s experiences on self-collection using
a. Evalyn® Brush Evalyn’Brush (a) and FLOQSwabs™ (b).
W Agree (%)  m No opinion or not answered (%) ™ Disagree (%)

Easy
Succesfull
Not painful
Not embarrasing
Not scary/anxious
Not uncomfortable
No feelings of insecurity

5I0 5IO 7IO 8lO 9‘0 1(;0

Proportion of responders (%)
b. FLOQSwabs™
" Agree W No opinion or not answered M Disagree

Easy
Succesfull
Not painful
Not embarrasing
Not scary/anxious
Not uncomfortable
No feelings of insecurity

50 60 70 80 % 100

Proportion of responders (%)
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Table 4

Women'’s experiences on self-collection both devices combined by sociodemographic status.
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Age Marital status Education
< 40 years Age =40 years Pr Married Unmarried Pr < 13 years =13 years Pr
n (%) n (%) n (%) n (%) n (%) n (%)
Easy 0.533 0.615 0.060
Agree 192 (98%) 110 (96%) 96 (99%) 206 (97%) 60 (94%) 242 (98%)
Disagree 0(-) 1 (1%) 0(-) 1 (1%) 1 (2%) 0(-)
No opinion or not answered 4 (2%) 3 (3%) 1 (1%) 6 (3%) 3 (5%) 4 (2%)
successful 0.027 0.666 0.033
Agree 188 (96%) 103 (90%) 93 (96%) 198 (93%) 56 (88%) 235 (96%)
Disagree 0(-) 3 (3%) 0(-) 3 (1%) 1 (2%) 2 (1%)
No opinion or not answered 8 (4%) 8 (7%) 4 (4%) 12 (6%) 7 (11%) 9 (4%)
No feelings of insecurity 0.091 0.600 0.017
Agree 102 (52%) 49 (43%) 45 (46%) 106 (50%) 23 (36%) 128 (52%)
Disagree 87 (44%) 55 (48%) 45 (46%) 97 (46%) 34 (53%) 108 (44%)
No opinion or not answered 7 (4%) 10 (9%) 7 (7%) 10 (5%) 7 (11%) 10 (4%)
Not uncomfortable 0.318 0.161 0.010
Agree 121 (62%) 79 (69%) 70 (72%) 130 (61%) 36 (56%) 164 (67%)
Disagree 64 (33%) 28 (25%) 22 (23%) 70 (33%) 19 (30%) 73 (30%)
No opinion or not answered 11 (6%) 7 (6%) 5 (5%) 13 (6%) 9 (14%) 9 (4%)
Not painful 0.414 0.053 0.089
Agree 160 (82%) 97 (85%) 87 (90%) 170 (80%) 49 (77%) 208 (85%)
Disagree 33 (17%) 14 (12%) 8 (8%) 39 (18%) 12 (19%) 35 (14%)
No opinion or not answered 3 (2%) 3 (3%) 2 (2%) 4 (2%) 3 (5%) 3 (1%)
Not embarrasing 0.002 0.899 0.229
Agree 171 (87%) 108 (95%) 89 (92%) 190 (89%) 55 (86%) 224 (91%)
Disagree 20 (10%) 1 (1%) 5 (5%) 16 (8%) 5 (8%) 16 (7%)
No opinion or not answered 5 (3%) 5 (4%) 3 (3%) 7 (3%) 4 (6%) 6 (2%)
Not scary/anxious 0.360 0.255 0.044
Agree 166 (85%) 102 (89%) 88 (91%) 180 (85%) 55 (86%) 213 (87%)
Disagree 24 (12%) 8 (7%) 6 (6%) 26 (12%) 4 (6%) 28 (11%)
No opinion or not answered 6 (3%) 4 (4%) 3 (3%) 7 (3%) 5 (8%) 5 (2%)

Pr = P-value Fisher‘s exact test

sensitivity of hrHPV testing of self-collected specimens. Lower sensi-
tivity of hrHPV test on FLOQSwabs™ compared to Evalyn’Brush was
consistent for all studied assays. Clinical performance of both self-
sampling devices was non-inferior to the physician-collected specimen
when self-specimens were preprocessed within four weeks since the
specimen-collection.

Overall agreement regarding hrHPV positivity was in line with
findings of the meta-analysis [29] and with more recent studies
[11,20,30-34]. Dutch studies comparing brush and lavage devices did
not observe clear device effects on hrHPV positivity rates [11,12], or
difference in agreement between a dry and a wet brush [30]. In con-
trast, a study from Switzerland found differences in hrHPV detection in
favor of the FLOQSwabs™ over a brush applied to an FTA cartridge
[13]. In our study, FLOQSwabs™ showed somewhat lower analytical
sensitivity and resulted more often in re-analysis because of invalid
result on hrHPV testing. This may be due to high concentration of
cellular material collected with FLOQSwabs™ when suspended in 4.6 ml
of ThinPrep, as they often yielded a conclusive result when hrHPV test
was repeated on diluted specimens. Whether specimen suspension in
larger volumes or use of a swab with smaller sampling head could lead
to better results warrants further exploration. It is also possible that
specifically designed collection devices better reach the upper vagina
whereas a brush or a swab is not inserted as high in the vagina. Lower
viral load of vaginal hrHPV that is detectable using more sensitive as-
says may also contribute to lower sensitivity of FLOQSwabs™ in our
study [35].

Among women referred for colposcopy, the absolute pooled sensi-
tivity of self-collected specimen to detect high-grade cervical lesion is
around 85% [7]. In our study, sensitivity for CIN3+ of hrHPV testing of
Evalyn’Brush was 91-95% and of FLOQSwabs™ was 86-88% de-
pending on the hrHPV assay. Importantly, our study adds to the existing
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evidence that hrHPV test of self-collected specimens can identify
women with invasive carcinoma from self-specimen.

Sensitivity of cytology in our study was in accordance with the lit-
erature [7,36], but it was clearly inferior to both hrHPV testing on
physician-and self-specimens. We had high proportion of CIN3+ le-
sions, thus, obscuring blood most likely have impaired the correct cy-
tology diagnosis. Moreover, we used ThinPrep which seem to be less
sensitive and results more frequently in unsatisfactory smears than
SurePath [37,38].

Specimens collected at home might be delayed before reaching the
laboratory due to a variety of reasons. No previous studies have re-
ported that delays have different effect on performance of different
devices. We found that sensitivity of both devices regarding presence of
CIN3+ was non-inferior to physician when self-specimens were pre-
processed within 28 days. Furthermore, concordance between self- and
physician-specimens for hrHPV positivity was substantial using both
devices when preprocessed on timely manner. Analytical and clinical
sensitivity of Evalyn’Brush was more stable over time whereas delays
had notable effect on performance of FLOQSwabs™. Long storage at dry
state may have lead into microbial growth which could potentially
impair the DNA extraction processes and destroy DNA in the specimens.
We hypothesize that FLOQSwabs™ are more sensitive to delays in
specimen processing perhaps because they absorb more moisture than
brushes. In terms of screening programmes, dry self-collection devices
are appealing as they could be sent by regular mail [20]. Our study
support the use of dry self-collection devices as long as smooth spe-
cimen logistics and timely testing is ensured. However, Evalyn Brush
remained analytically stable in room temperature and humidity for
months and, therefore, seems a promising device also for remote areas
with extreme temperatures [31,39].

Our results were consistent with the literature showing high
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acceptability and positive attitudes towards self-collection
[4,8,12,20,39-46]. Similar to others, we did not observe differences in
preference for self-collection based on age group, level of education or
marital status [4,8,43,45,46]. In line with previous studies, the majority
of women had more confidence in physician-specimens but they still
preferred self-collection at home over standard clinical-sampling. One
study, however, demonstrated that women would prefer self-collection
at a clinic, or that a provider would collect the vaginal sample [47]. Use
of collection devices with indicators of adequate insertion and adequate
specimen may reduce concerns of performing the self-collection prop-
erly [39]. Alternative approach could be to offer self-collection option
at clinic where women have a possibility to ask questions and get as-
sistance if needed [46,47].

In our study, both devices were well accepted but women con-
sidered Evalyn’Brush easier and more comfortable than FLOQSwabs™.
Some previous studies report no difference in user comfort [10,12],
while others report slightly more positive experiences with a lavage
device than with a brush [8,14]. Women in Switzerland preferred
FLOQSwabs™ over a brush with an FTA cartridge [13]. A previous study
from Oslo region asking exactly the same questions on women’s ex-
periences reported a trend towards higher acceptability in favor of a
brush over a lavage device [6]. Acceptability is of great importance if
self-sampling is offered for women who do not comply with regular
screening and may depend on the setting. Thus, it is important that
performance and acceptability of self-collection device is piloted before
national implementation.

Main strengths of our study are its large size and its setting in the
population with high prevalence of cervical carcinoma. Moreover, we
used validated hrHPV assays and participants served as their own
controls, limiting potential biases. Our study was conducted among
patients referred to the secondary care due to cervical abnormalities
and results might not be generalizable to under- and unscreened women
due to selection bias.

Among women referred to conisation, we had relatively high pro-
portion of normal histology in the cone specimens. Plausible explana-
tions could be spontaneous regression between biopsy and treatment, or
that the lesion has been removed by the preoperative biopsy.
Furthermore, we did not perform a histopathological review but used
diagnoses given by local pathologists. The interobserver variability of
the preinvasive lesions may be substantial between the community and
panel pathologists [48].

Another limitation is that we did not exclude cases with invalid
hrHPV results. We wanted to assess the realistic performance of self-
sampling in which a quality of sample is one determinant. Due to lo-
gistical challenges, specimen preparation was not occasionally started
before several weeks or even months had passed. This allowed us to
study effect of delays but it can also affect our results on sensitivity
favoring Evalyn’Brush which seem very robust to environmental con-
ditions at least up to 8 weeks [49]. Currently, there are no re-
commendations on the length of storage at dry state for self-collected
specimens. Some disagreement between HPV assays and screening
methods may also be attributed to inadequate cellularity. Here we only
took into account the overall hrHPV positivity, and did not examine
discordant pairs in detail. Discordance may be affected e.g. by age,
morphology and different fidelity for the targeted hrHPV types in stu-
died assays. All these aspects will be subject to further investigation.

6. Conclusion

hrHPV DNA detection in self-collected specimens provides an ob-
jective screening method that is comparable to routine screening for
detecting cervical carcinoma and high-grade lesions. Performance of
self-collection is determined by its constituting parts including collec-
tion device, hrHPV assay, specimen preparation and delays in specimen
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logistics and preparation. If self-collection will be included in screening
programmes, only validated procedure should be used, and delays in
specimen testing should be minimized.
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