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Funding information and feasibility of opt-in self-sampling in the Finnish setting, we invited a randomized popu-
Foundation for the Advancement of lation of 5350 women not attending screening after age group invitation or after reminder,
:;?r']’l::j‘(’gc'\:il‘;';';‘lj’t;h’\‘at'o“a' Cancer Center to attend HPV self-sampling-based screening in the autumn of 2018 in Helsinki. Out of
those, 1282 (24.0%) expressed their interest and ordered the sampling package. Eventually
787 women (14.7% of the total invited population) took part in screening, 770 women by
providing a vaginal sample within 2 months from invitation and 17 by providing a pap
smear in the laboratory. Self-taken samples were collected in Aptima Multitest vials and
tested using the Aptima HPV mRNA assay. A high proportion, 158/770 (20.5%) of the
samples were positive in the Aptima HPV assay. One hundred and forty-one samples were
further submitted to Aptima HPV Genotyping and extended genotyping by a Luminex
based assay. Of those, 23 samples (16.3%) were HPV 16 positive and 7 (5.0%) were posi-
tive for HPV 18/45; extended genotyping revealed multiple high-risk and low-risk HPV
genotypes. At follow-up seven cases of high-grade squamous intraepithelial lesion (HSIL)
were diagnosed, which represents 4.4% of HPV positive women and 0.9% of screened
women, whereas the rate was 0.5% in routine screening. Our findings suggest that self-
sampling with HPV mRNA testing is a feasible approach to improve screening efficacy in a

high-risk population among original nonattendees.

Abbreviations: AGC-FN, atypical glandular cells favor neoplastic; AGC-NOS, atypical glandular cells not otherwise specified; AHPV, Aptima HPV assay; AHPVgt, Aptima HPV genotyping assay;
ASC-H, atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undetermined significance; EFC, European Federation for
Colposcopy; HPV, human papillomavirus; hrHPV, high-risk HPV; HSIL, high-grade squamous intraepithelial lesion; IFCPC, the International Federation of Cervical Pathology and Colposcopy;
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1 | INTRODUCTION
In Finland, municipalities are legally obliged to offer cervical cancer screen-
ing to all 30- to 65-year-old women every 5 years. Most municipalities,
including the capital Helsinki, invite 25-year-old women as well. Nation-
wide, traditionally cytology-based, organized screening since the 1960's
has decreased cervical cancer incidence by as much as 80%.1 However,
since mid-1990's the incidence has increased among women below
40 years of age, and at present the incidence among those age groups is
at the same level as before the screening era, in spite of active screening
within and outside the screening program.? The overall attendance rate in
Finland is around 70%, which, together with extensive opportunistic
screening, produces an 87% coverage in 5 years among women at screen-
ing age.2 All in all, a substantial proportion of cervical cancers are currently
diagnosed in women who do not attend organized screening.®

Human papillomavirus (HPV)-based screening is gaining a firm
foothold in many European countries due to the high sensitivity and
excellent negative predictive value.* In Finland, HPV-based screening
was first launched in a routine setting in the Tampere region in 2015,
gradually spreading to other municipalities, in 2019 also to the
Helsinki and Uusimaa region. Currently in the regions offering primary
HPV screening, hrHPV test followed by conventional cytology triage
is performed among women aged 30 years and older; for 25-year-old
women primary screening is done by conventional cytology.

HPV-based screening opens the possibility of vaginal self-sampling
to increase screening attendance, and indeed equal or close to equal
screening performance of self-collected vaginal samples as compared to
provider-obtained samples has been shown in many studies.® In Finland,
opt-out self-sampling has been shown to increase attendance among
nonattendees to regular screening.”® In opt-out self-sampling every
invitee receives the sampling package together with the invitation and
this approach, when tested side by side, has shown better attendance
than opt-in self-sampling, where the invitation is sent first and the
woman then actively chooses to order a sampling kit at the provided
interface.” However, due to moderate or low overall attendance rates,
the cost per attendee is higher in opt-out than in opt-in self-sampling.

In September 2018, while designing the launch of HPV based
screening in Helsinki, we initiated an opt-in HPV self-sampling pilot

study. Our purpose was to assess the feasibility and impact of opt-in

Aptima, HPV, mRNA, opt-in, self-sampling

HPV-based screening for cervical cancer has many advantages, including that patients can col-
lect samples themselves, at home. Here, the authors offered an HPV self-sampling option for
women who did not obtain conventional screening. Of more than 5000 people invited, 787 took
part. Using an mRNA-based assay, researchers detected high-risk HPV at more than double the
rate detected by regular screening. Follow-up examinations revealed severe lesions in 0.9% of
the screened women, compared to a rate of 0.5% in routine screening. HPV self-sampling

appears to be a feasible approach to improve the uptake of cervical cancer screening.

self-sampling as an additional tool to increase attendance in organized
screening in Finland. Further, we aimed to evaluate the potential of
HPV genotyping in the triage of self-samples which are not eligible for
cytology. Here we present the results of the self-sampling pilot,
together with HPV-genotyping results and histological findings among

the self-sampling participants.

2 | MATERIALS AND METHODS
2.1 | Identification of nonattendees, recruitment
and invitation

Every calendar year the women entitled to screening that particular year
are identified from the population registry by birth year and home
municipality, and they receive a personal written invitation from the
screening laboratory. In Helsinki, this invitation includes a prebooked
appointment for sampling at the screening laboratory (which the woman
can modify or cancel). If the woman does not attend, she receives a
written reminder without prebooked appointment toward the end of
the invitation year. Both prebooked appointments and written
reminders have been shown to increase overall screening attendance.'©
If the invitee does not attend by the end of January next year, she will
receive no further reminders and is considered a nonattendee.

In 2017, 46 372 women in Helsinki aged 25 to 69 were invited to
age group screening or risk group screening due to previous border-
line cytology or reported bleeding symptoms. To initiate this pilot
study, in August 2018 we identified a total of 14 238 women who
were considered nonattendees. Of those, 6000 were randomized to
the self-sampling pilot (Figure 1). After randomization and rechecking,
20 women proved to have attended regular screening and were thus
added to attendees of routine screening in the analysis. The resulting
5980 women randomized to self-sampling were subjected to address
information update from the Digital and Population Data Services
Agency. After excluding 630 individuals who had no current residence
in Helsinki or had deceased, the final study cohort consisted of 5350
women. These women received personal invitation letters to self-
sampling to their home address. The women were instructed to order

self-sampling kits via a web interface specifically created for this pilot
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FIGURE 1 Scheme of invitations and attendance rates

study, or by telephone. They were further given the option to receive
the sampling kit either by regular mail or by fetching it personally from
the screening laboratory. The self-sampling kit consisted of the
Aptima Multitest sampling kit (Hologic, Inc, Marlborough, MA)
together with general information on screening, illustrated sampling
instructions, and a preliminary information form for recording previ-
ous screening results and possible symptoms (in Finnish, Swedish and
English). The women had the option to mail the self-taken vaginal
sample to the screening laboratory in a prepaid envelope, or to bring
it personally to laboratory.

A contact telephone number of the study nurse and a link to a web-

based survey form were provided for further information and feedback.

2.2 | HPV testing and genotyping
At the time of the study, none of the commercially available HPV
assays had been validated for self-sampling by the assay manufac-

turer. Self-samples were collected in Multitest sampling vials
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according to the assay manufacturer's recommendation and tested by
the Aptima HPV mRNA assay (AHPV; Hologic, Inc, Marlborough, MA).

The Aptima assay gives either “positive,” “negative” or “invalid”
result. All initially invalid samples were retested and, if needed, tested
once more after dilution as recommended by the manufacturer. We
report an “invalid” result for samples where the analytical output from
the Aptima assay remained invalid even after two retesting rounds.
No leaking or insufficient sample quantity was observed.

HPV testing was performed at the Department of Virology, Diag-
nostic Center of the Helsinki University Hospital, in the Panther
instrument (Hologic) similarly to diagnostic Aptima HPV samples. Ini-
tially, a considerable proportion of the samples were found invalid in
HPV testing. Similar problems had emerged at the Skane Labmedicin
laboratory in Lund, Sweden, where a protocol of heating the samples
at +90°C for 1 hour before testing, had consequently been estab-
lished and the rate of invalid samples had dropped to acceptable
levels.** This approach was applied to all self-samples in our study
as well.

Aptima runs were performed in a dedicated laboratory space,
where no other laboratory procedures take place. In each Aptima
assay run, positive and negative calibrators are run in triplicate, and
positive and negative controls on single tubes. To monitor the hybridi-
zation, amplification and identification steps of the assay, each sample
is spiked with an internal control during the assay. The laboratory par-
ticipates in four external quality assessment rounds from two differ-
ent providers annually.

All adequate HPV positive samples were further subjected to par-
tial genotyping at the Department of Virology using the Aptima HPV
Genotyping Assay (AHPVgt), which provides partial genotyping for
HPV 16 (HPV 16) and HPV 18 or HPV 45 (HPV 18/45) and a pooled
result for the other 11 hrHPV types covered by AHPV. AHPV positive
samples were further subjected to extended genotyping using a
method based on PCR amplification and Luminex detection (LHPVgt)
at Karolinska Hospital, Sweden. The LHPV assay covers HPV geno-
types 6, 11, 16, 18, 26, 30, 31, 33, 35, 39, 40, 42, 43, 45, 51, 52,
53, 54, 56, 58, 59, 61, 66, 67, 68, 69, 70, 73, 74, 81, 82, 83, 86, 87,
89,90 and 91.1213

2.3 | Follow-up of women with a positive HPV test
result from a self-taken sample

After a negative AHPV test result women at any age were informed
of a normal screening result. All AHPV positive women were invited
to conventional cytology triage: those below 35 years of age to the
screening laboratory, and women aged 35 years or older to the
Department of Obstetrics and Gynecology of Helsinki University
Hospital. The criteria for colposcopy referral in cytology triage were
low-grade squamous intraepithelial lesion or more severe squamous
finding (=LSIL), atypical glandular cells favor neoplastic (AGC-FN) or
atypical glandular cells not otherwise specified (AGC-NOS) on the
pathologist's recommendation. AHPV positivity with normal cytology,

atypical squamous cells of undetermined significance (ASC-US) or
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Regular screening Self-sampling TABLE 1 Rat§ of invited and .

attended women in regular screening vs

Age group Invitees  Attendees Attendance % Invitees  Attendees  Attendance % HPV self-sampling by age group in 2017

25-29 6867 4083 59.5 924 117 12.7 in Helsinki, Finland

30-34 6991 4525 64.7 886 113 12.8

35-39 6015 4028 67.0 748 105 14.0

40-44 5006 3528 70.5 585 103 17.6

45-49 4064 2918 71.8 474 76 16.0

50-54 4788 3611 75.4 467 55 11.8

55-59 4543 3402 74.9 441 79 17.9

60-64 4067 3034 74.6 440 73 16.6

65-69 4031 3025 74.0 385 66 171

Total 46 372 32154 69.3 5350 787 14.7

AGC-NOS without colposcopy referral resulted in a call to risk group
screening after 12 months.

Colposcopy was performed according to routine protocols by cer-
tified colposcopists. Colposcopic diagnosis was set according to the
International Federation of Cervical Pathology and Colposcopy
(IFCPC) and the European Federation for Colposcopy (EFC) criteria.*
Colposcopy directed biopsies were taken if colposcopic Grade 1 or
2 lesions were found. Large loop excision of the transformation zone
(LLETZ) was performed at the first visit if colposcopy showed Grade
2 (high grade) lesions and high-grade squamous intraepithelial lesion
(HSIL), atypical squamous cells cannot exclude high-grade squamous
intraepithelial lesion (ASC-H) or AGC-FN cytology, or Type 3 transfor-
mation zone and HSIL, ASC-H or AGC-FN cytology. New samples for
cytology and HPV test were taken if the index sample results were
over 3 months old. Cytological and histological samples were pro-
cessed according to routine protocols and interpreted at the Depart-

ment of Pathology of the Helsinki University Hospital.

3 | RESULTS

3.1 | Attendance rate

Among 46 372 women invited to screening in 2017 in Helsinki,
32 154 (69.3%) took part in routine screening. In this pilot study, of
the 14 218 women who did not attend screening after two invita-
tions, a subgroup of 5350 women were sent invitations to attend
HPV self-sampling in October-November 2018. Out of them 1282
(24.0%) opted for self-sampling either via the web-based interface
(N = 1081; 84.3%) or by phone (N = 201; 15.7%), and by ordering
sampling devices by regular mail (N = 1214; 94.7%) or by fetching
them personally (N = 68; 5.3%) from one of the two laboratories in
Helsinki where they were made available. A total of 792 women
returned a self-taken sample to the laboratory. Of the self-taken sam-
ples 22 (2.8%) gave an invalid result in the AHPV-assay even after
repeated testing. These women were sent an invitation to a Pap

smear in the screening laboratory, and seven of them participated.

Ten women attended by providing a Pap sample in the laboratory.
The final overall participation rate among all self-sampling invitees
was 14.7% (787/5350). A scheme of invitations and attendance rates
is presented in Figure 1.

The attendance rates by age group in regular screening and in
self-sampling are shown in Table 1. In regular screening the participa-
tion rate was lowest (59.5%) among women aged 25 to 29 years and
highest (75.4%) among women aged 50 to 54 years. Also among self-
sampling invitees the participation rate was lowest among the youn-
gest age groups.

In routine screening the participation rate among those invited to
age-group screening (71.3%) was slightly higher than among risk-
group screening invitees (69.1%) (data from the laboratory informa-
tion system). In self-sampling the difference was more pronounced:
the participation rate was 25.2% among the original nonattendees of
age-group screening and 13.7% among the original nonattendees of

risk-group screening.

3.2 | Practical issues from invitee perspective

A contact telephone number of the study nurse and a link to a web-
based survey for feedback were included in the information sent to
invitees together with the sampling supplies. There were only a few
patient calls to the study nurse. The link to the feedback form was
available only in the printed invitation letter, which probably explains
the scarce use of the form. The most commonly raised issue alto-
gether was the difficulty in holding the small sampling tube in upright

position.

3.3 | HPV detection and genotyping

Aptima HPV mRNA assay and genotyping results by age group are
shown in Table 2. Out of the 770 self-taken samples with a valid
AHPV-result, 158 (20.5%) were high-risk HPV positive. The positivity
rates ranged between 15.0% and 25.2% in the different 5-year age
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TABLE 2 High-risk HPV positivity rates and HPV genotypes in the different age groups of 792 women providing self-collected HPV samples

N AHPYV positive Subjected to AHPVgt HPV 16 positive HPV 18/45 positive Invalid

Age group N N % N N % N % 0

25-29 112 25 223 23 5 21.7 1 4.3 0
30-34 111 28 25.2 27 6 222 2 7.4 1
35-39 104 21 20.2 20 5 25.0 0 0.0 0
40-44 103 18 17.5 16 8 18.8 0 0.0 0
45-49 76 14 18.4 12 1 8.3 0 0.0 1
50-54 55 11 20.0 8 0 0.0 1 12.5 0
55-59 80 12 15.0 10 2 20.0 2 20.0 3
60-64 77 17 221 16 1 6.3 0 0.0 5
65-69 74 12 16.2 9 0 0.0 1 111 12
Total 792 158 20.0 141 23 16.3 7 5.0 22

Note: For comparison, the percentage of hrHPV positive in regular HPV-based screening in 2019 is given.
Abbreviations: AHPV, Aptima HPV assay; AHPVgt, Aptima HPV genotyping Assay.

groups with no clear trend by decreasing or increasing age. The rate
of invalid samples was considerable in the oldest age group of 65- to
69-year-old women, where 12/74 samples (16.2%) were invalid.

Of the 158 initially AHPV positive samples 141 were sufficient
for AHPV genotyping for HPV 16 and HPV 18/45 (Table 2). The rate
of HPV 16 (23 samples, 16.3%) or HPV 18/45 (seven samples, 5.0%)
was rather low, 21.3% of all tested AHPV positive samples. Two valid
AHPV positive samples (1.4%) gave invalid result in AHPVgt. Based
on AHPVgt results, the remaining 109 of the 141 samples (77.3%)
harbored other hrHPV types.

The 141 AHPV positive samples available for genotyping were
further subjected to extended HPV genotyping using a Luminex-based
assay (LHPVgt). HPV was detected in 122 (86.5%) of these 141 sam-
ples, and in 19 samples no HPV was found in the Luminex based assay
(Supplementary Table 1a). The rates of HPV genotypes detected in
LHPVgt are shown in Supplementary Table 1b.

Assuming concordance if both genotyping assays detected either
HPV 16, HPV 18/45, or other hrHPV type, also together with other
HPV genotypes, and “other hrHPV” meaning those covered by AHPV,
83 of 139 samples (59.7%) genotyped with both assays gave concor-
dant results and 56/139 (40.3%) gave discordant results (genotyping
data for individual samples not shown). Among samples found to con-
tain genotypes other than HPV 16, 18 or 45 in AHPVgt, half (54/109)
gave discordant result in LHPVgt: either HPV 16, 18 or 45 was
detected (16 samples), non-AHPV genotype(s) was detected (20 sam-
ples), or no HPV DNA was detected (18 samples).

34 | Primary screening results among women
providing a Pap smear

All 17 women who were invited to self-sampling but attended screen-
ing by having a Pap screening sample taken in the laboratory (10 by
individual choice, 7 due to invalid HPV test result) had normal results.

3.5 | Cytological and histological findings in
follow-up of high-risk HPV positive women

Altogether 770 attendees were tested for high-risk HPV with valid
AHPV results. Follow-up compliance and results among self-sampling
participants is shown in Table 3. Of participants below 35 years of
age, 53/230 (23.0%) were hrHPV positive and were invited to cytol-
ogy triage performed in the screening laboratory. Of them 42 (79.2%)
followed the invitation. Among the participants aged 35 years or
older, 105/557 (18.9%) were hrHPV positive and were referred to
cytology triage at the Department of Gynecology with slightly higher
compliance to follow-up of 90.5% (95 women). Overall, loss to follow-
up among self-sampling participants was 13.3% of HPV-positive
women.

Among <35-year-old hrHPV positive women, 4/53 (7.5%), or
1.7% of the 10-year age group, were diagnosed with histological HSIL.
Among 235-year-old hrHPV positive women, HSIL detection rate was
3/105 (2.9%), corresponding to 0.5% of all attendees of this age. The
overall HSIL detection rate among original screening nonattendees
who took part in screening after self-sampling offer was 0.9%
(Table 3), while it was 0.5% among participants in routine screening
(Supplementary Table 2).

Of all HSIL cases, 2 were HPV 16 positive, 1 was HPV 18/45 pos-
itive, and 4 were positive for other hrHPV types based on AHPV and
AHPVgt assays. The HPV genotypes detected in all HSIL and LSIL
cases by AHPVgt or LHPVgt are shown in Supplementary Table 1c.

4 | DISCUSSION

In the present study, opt-in HPV self-sampling using the Aptima HPV
mRNA assay was carried out among a randomized subset of nonatten-
dees to a cytology-based screening program as a third intervention

after primary invitation and a reminder letter. Out of all women
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Finland in 2017 (https://stats.cancerregistry.fi). Despite differing pri-
mary screening test modalities in routine and self-sampling settings,
the population we were able to reach by offering HPV self-sampling
thus seems to be a high-risk population, and health benefit could be
gained by improving screening attendance among this population.
Due to the higher sensitivity of HPV testing, the rate of precancers is
increased in HPV based screening as compared to cytology based
screening.® Our study population consisted of nonattendees to cytol-
ogy based screening, and the added value obtained by HPV self-
sampling may thus appear higher than it would have been, had the
routine screening been based on HPV testing.

In previous opt-out self-sampling studies conducted among nonatten-
dees in Finland, lower hrHPV positivity rates of 6% to 13% using the
Hybrid Capture 2-test were found.”®” Importantly, as compared to the
present study, the rate of 2HSIL in the previous study was even higher,
6% of HPV positive women (0.7% of all attendees).® When sampling is
performed by a professional, the sensitivities of the Aptima and Hybrid
Capture 2 assays are claimed to be similar or even slightly higher for the

Hybrid Capture 2 assay,?

suggesting that different assay sensitivities
would not explain the difference in hrHPV detection rates. Additionally,
the Hybrid Capture 2 assay is known to have some cross-reactivity with
low-risk HPV genotypes,?® and thus it cannot be ruled out that some
Hybrid Capture 2 positive samples may have harbored low-risk HPV.
Albeit addressing only DNA based assays, a metaanalysis by Arbyn et al
suggests that signal amplification assays, as exemplified by Hybrid Capture
2, may be inferior to target amplification assays on self-collected samples.®

Aptima HPV assay has been successfully used for self-sampling in
previous studies.'?2%?42¢ High-risk HPV testing using self-collected vagi-
nal samples and Aptima HPV assay has somewhat lower sensitivity but
similar specificity than provider-collected cervical HPV samples.® In our
setting, initial testing yielded a high rate of invalid test results, as compared
to the ca 0.3% invalidity rate among our regular provider-taken AHPV
samples, independent of the age of the screening attendee. Adding a pre-
heating step helped reduce the high initial rates of invalid results, as has
been shown in other studies.** Apparently a lot of mucus was present in
self-collected vaginal samples as opposed to cervical samples taken by a
trained nurse in regular screening, and the heating step helped to over-
come this source of invalid results. However, the rate of invalid samples
remained high, 16.2%, in the oldest age groups. One explanation could be
scanty samples due to postmenopausal atrophy resulting in too cautious
sampling, and thus optimizing the sampling instructions might help over-
come this problem. Still, the rate of invalid samples was notably higher
than in other studies on AHPV-testing on self-taken samples among older
age-groups, also among women above screening age.'”2°

The launch of self-sampling requires careful assessment of triage
options to optimize health benefits and cost-efficacy. In previous opt-out
self-sampling studies carried out in Finland, loss to follow-up was quite
high, 20% and 36% of women with an HPV positive result in a self-taken
sample®Y” Among the self-sampling participants in the present study,
13.3% of the women who were referred to pap triage did not attend.
Unfortunately, we do not have access to data concerning possible follow-
up Visits outside organized screening. Our study invitees were not sent

reminders to register or to return the self-taken sample as has been done
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in some opt-in self-sampling studies.?” Neither were they reminded to
attend cytology triage at a nurse's appointment. Our findings suggest that
once awakened to the importance of screening, most of the women are
committed to participate. Reminders may further improve health impact.
Besides cytology, HPV genotyping is another triaging option for
HPV-positive women. In our study population, the rate of the highest
risk HPV genotypes, HPV 16 and HPV 18/45, was lower than expected.
Altogether only in 3 out of 7 HSIL cases either HPV 16 or 18/45 was
detected by AHPVgt, and 4 cases were positive for other high-risk HPV
genotypes covered by the AHPV assay. Among these 4 cases, the
LHPVgt assay detected HPV 16 and HPV 33 in one sample each, HPV
18, 45 and 52 in one sample, and one sample remained HPV negative.
Our study was not powered to explore triaging options, but these
results may suggest that in the Finnish setting, a broader selection of
genotypes is needed in triage to detect all HSIL cases. Extended geno-
typing revealed that the HPV genotype distribution in our study popula-
tion differs to some extent from the distribution in other European
countries, in agreement with previous reports from Finland.?® Although
the 5-year age groups were small in our study population, younger
women tended to have more HPV 16 findings than older women, and
the highest rate of HPV 16 was detected among 35- to 39-year-old
women. Similar results were shown in a previous study from Finland.2®
Together with the expanding use of hrHPV based cervical cancer
screening, vaginal self-sampling becomes one possible option to
increase attendance. The feasibility of HPV mRNA testing in self-
sampling was further reinforced in the present study. Implementation
will require careful cost-benefit calculations in local settings. The
launch of self-sampling into the screening program in Finland should
be considered as a secondary option for nonattenders. This opt-in
study confirms the findings in the previous opt-out studies in Finland,
that self-sampling is a feasible alternative to improve attendance, if

sufficient rates cannot be reached by other means.
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