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• Following HPV positive cytology nega-
tives up with two tests lead to the best
balance between sensitivity and speci-
ficity.

• Sending HPV positive cytology negative
individuals back to the routine screen-
ing induce lower sensitivity for CIN II+.

• All HPV screening algorithms with a cy-
tology triage increased colposcopy vol-
ume more than the cytology algorithm.

• Cytology algorithmhad a low sensitivity
compared to the HPV screening algo-
rithms with a cytology triage.
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Objective. Primary HPV screening programmes for cervical cancer have been implemented inmany European
countries using a cytology triage. Nonetheless, the optimal cytology triage strategy forminimizing the harms and
maximizing the benefits is yet unclear.We identified key characteristics of different algorithms forHPV screening
with cytology triage.

Methods. Using the Finnish randomized HPV screening trial data, we formulated five post-hoc algorithms for
HPV screening with a cytology triage, one for HPV screening without a triage and one for cytology screening.
Sensitivity, specificity, positive predictive value, colposcopy referral rate and cumulative sensitivity for CIN II + s
detected during the first and second screening rounds of the trial were calculated for all algorithms.

Results. In thefirst screening round, direct referral of HPV positives to colposcopy led to the highest sensitivity
(94%) accompanied by the lowest specificity (93%). Following HPV positives up with one repeat screen showed
86% sensitivity and 97% specificity. The corresponding figures with two repeat screenswere 84% and 98%. In HPV
algorithms, where cytology negative HPV positive individuals had no follow-up, the sensitivities were 65–82%
and the specificities 98–99%. The Cytology algorithm had a low sensitivity (69%) with a high specificity (99%).
Compared to the first round, the second-round sensitivities were lower and specificities similar or higher.

Conclusions. The best balance between sensitivity and specificity was achieved by anHPV algorithmwith two
repeated follow-up tests. However, all HPV algorithms with cytology triage increased colposcopy volume more
than the cytology algorithm and thus provoked overdiagnosis.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Population-based screening has reduced the incidence andmortality
of cervical cancer in many European countries [1]. For decades, a
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Flowchart of the data formation for the first screening round.
In the HPV arm, the study population (shown in light blue) for the first screening round
consists of women who attended the index test and were tested with an HPV test. In cy-
tology arm, the study population (shown in light blue) consists of women who attended
the index test. Incident CIN II+ cases were collected from Care Register for Health Care
(HILMO), Finnish Cancer Registry (FCR), and Mass Screening Registry (MSR).
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cytological Papanicolaou (Pap) test was the primary screening test. The
pursuit to develop a screening test based on human papillomavirus
(HPV) detection started in the 1990s [2], when causality between
cervical cancer and HPV was discovered [3]. In Europe, seven countries
have either fully or regionally switched to a primary HPV screening,
and the introduction of primary HPV screening is ongoing in several
countries [4,5].

Compared to screeningwith the Pap test, themain advantage of HPV
testing is its higher sensitivity for cervical intraepithelial neoplasia (CIN)
grades II+ leading to further prevention of cervical cancer [2,6–10].
Primary HPV screening also has a higher negative predictive value
(NPV) for CIN III+ than primary cytology screening and thus enables
longer screening intervals [8,11]. Furthermore, HPV test is more objec-
tive and less expensive than cytology which makes it applicable in
low-resource countries [12]. HPV screening also enables self-sampling,
which may increase screening coverage [13]. The downside of primary
HPV screening is its lower specificity compared to primary cytology
screening [2] which causes higher colposcopy referral rates and detec-
tion of non-progressive CIN lesions [14,15]. Pre-cancer treatments can
cause adverse effects for the examined individuals, including pain,
bleeding, discharge and psychological distress, and an increased risk of
adverse obstetric outcomes [16]. The increased colposcopy referral
rates also elevate the demand of health care resources.

The most effective way to minimize the harms of primary HPV
screening is to optimize triage procedures for HPV positive individuals.
EuropeanGuidelines for Cervical Cancer screening recommends a cytol-
ogy triage for those who test HPV positive [17] which is currently used
with varying protocols in all European countries [5]. Nonetheless, the
optimal triage strategy for minimizing the harms and maximizing the
benefits is yet unclear. Long-term randomized HPV screening imple-
mentation trial with various post-hoc formulated triage algorithms
can, however, provide insights to their benefits and harms.

In this study, we compared five post-hoc formulated algorithms for
primary HPV screening with a cytology triage. Specifically, we aimed
to assess whether HPV positive individuals without cytological abnor-
malities should be followed-up, referred to colposcopy, or sent back to
routine screening.We used cytology screening andHPV screeningwith-
out triage as references. Our aim was to compare different algorithms
for HPV screening with cytology triage and assess their sensitivities
and specificities for CIN II+. We therefore estimated the real-life accu-
racy of different algorithms using the large Finnish randomized HPV
screening implementation trial data [18,19].
Fig. 2. Flowchart of the data formation for the second screening round.
The individuals invited in the second round are a subset of individuals randomized in the
first round. In the HPV arm, the study population (shown in light blue) for the second
screening round consists of women who attended the index test and were tested with
an HPV test. In cytology arm, the study population (shown in light blue) consists of
womenwho attended the index test. Incident CIN II+ caseswere collected from Care Reg-
ister for Health Care (HILMO), Finnish Cancer Registry (FCR), andMass Screening Registry
(MSR).
2. Materials and methods

In 2003, a large-scale randomized HPV screening implementation
trial started in Southern Finland. The trial is registered asan International
Standard Randomised Controlled Trial (number ISRCTN23885553). Dur-
ing 2003–2008, over 236,000 individuals aged 25 to 65 years were ran-
domized with a 1:1 ratio to HPV test with a cytology triage (HPV arm)
or to conventional cytology test (cytology arm). TheHPV testwasHybrid
Capture 2 (HC2). The trial continued two 5-year screening rounds up to
year 2012, with the total duration of 10 years. After the first screening
round, the biggestmunicipality of Finlanddroppedout, andonly a subset
of 102,150 of the 236,727 randomized individuals remained in the trial
and were invited to the second screening round. (Figs. 1 and 2). The
trial was implemented within the organized cervical cancer screening
program where all women in the target age are invited to screening in
every five years irrespective of their previous findings. The randomiza-
tion and management procedures of this trial are described in previous
publications [20,21].

Data of individuals randomized to HPV trial were gathered from the
Mass Screening Registry (MSR). Our study population consists of those
who attended their index screen in the first or the second screening
round (Figs. 1 and 2). In the HPV arm of both screening rounds, we
74
restricted the study population further to those actually tested with
HPV in the index screen.

We defined index screen as the first screening test containing both
the primary and the possible cytology triage test.

The CIN II+ cases in the study population accumulated from cases
diagnosed within a 4.5-year period after the index screen. For both
screening rounds, first CIN II+ case of each woman was considered.
CIN II + s detected in the screening were received from the MSR. CIN
II + s detected due to opportunistic testing or diagnostic visits during



M. Vahteristo, S. Heinävaara, A. Anttila et al. Gynecologic Oncology 167 (2022) 73–80
the trial were received from the Care Register for Health Care (HILMO)
and the Finnish Cancer Registry (FCR). Data on cervical cancer were
derived from the FCR.

We formulated five alternative post-hoc algorithms for HPV screen-
ing with a cytology triage, one reference algorithm for HPV screening
without a triage and one reference algorithm for cytology screening.
The algorithms with a triage comprised of different combinations of
primary HPV test with a cytology triage and follow-up tests. In all
algorithms, the recommended interval for follow-up tests was 12–24
months. The chosen algorithms were either those performed in the
European screening programmes, those presented in previous studies
or those otherwise easy to implement for screening [22–25]. Please
note that since the HPV algorithms were created post-hoc and were
applied to the same study population, they are not mutually indepen-
dent.

The five algorithms for HPV screening with a cytology triage were
classified into two HPV Persistence Algorithms (Fig. 3) and three
Decisive Cytology Algorithms (Fig. 4). The reference algorithms, HPV
screening without cytological triage (HPV Stand-alone) and cytology
screening (Cytology Algorithm), are presented in Fig. 3. The HPV Persis-
tence Algorithm 2 and the Cytology Algorithm were those used in the
original trial.

In the HPV Persistence Algorithms, all HPV positive cytology nega-
tive individuals were followed-up with one or two tests, and if HPV
persisted in the final follow-up test, sent to colposcopy. In the Decisive
Cytology Algorithms, HPV positive, cytology negative individuals were
sent back to routine screening either after the index or the follow-up
tests. The name Decisive Cytology refers to the fact that in these algo-
rithms, the follow-up and referral decisions were based on results
from the cytology trial rather than solely the persistence of HPV.

The HPV Persistence Algorithm 2 was the algorithm used in the
Finnish HPV screening implementation trial and is currently used in
England [22]. The HPV Persistence Algorithm 1 is performed in Italy
Fig. 3. HPV Persistence algorithms and reference algorithms.
(A) HPV Stand-alone Algorithm. All HPV positive women are referred to colposcopy in the index
The algorithmused in the cytology armof the trial. Some laboratories sent ASCUS individuals dir
(C) HPV Persistence Algorithm 1. All women who have persistent HPV positivity in the first fo
have persistent HPV positivity in the second follow-up test are referred to colposcopy.
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[23] and also in Norway. In the Norwegian programme, however, the
HPV test is used as a triage for cytology [24]. The Cytology Algorithm
is based on the current recommendations for primary cytological
screening in Finland [25].

2.1. Statistical analyses

We calculated episode sensitivity, specificity, positive predictive
value (PPV) for CIN II+, and colposcopy referral rates for all the seven
screening algorithms in the first and the second screening rounds. We
also calculated CIN II+ cases detected per colposcopies performed for
each algorithm. Both screening rounds started at the index test and
continued for 4.5 years. A finding leading to referral at any point of
the algorithm (at the index test, at the second or third follow-up test)
was considered as a positive episode result, otherwise a woman was
episode negative. The estimates for episode sensitivity, specificity and
PPVs and their confidence intervals were calculated using the epiR
package [26].

The colposcopy referral rates were created post-hoc according to the
referral criteria in each algorithm. They were calculated by dividing the
number of individuals referred to colposcopyby thenumber of screened
individuals. The confidence intervals for the colposcopy referral rates
were calculated using the Wilson score method [27].

To examine sensitivity changes throughout the screening round, we
calculated also cumulative estimates in the first screening round using
the method described in Nygård et al. 2014 [28].

3. Results

In the first screening round, 65.2% (77,148/118324) of the individ-
uals who were randomized to the HPV arm of the trial attended the
index test and out of these 93.6% (72,238/77148) were tested with an
HPV test (Fig. 1). In the cytology arm, 64.7% (76,654/118403) of the
test and HPV negativewomen sent back to the routine screening. (B) Cytology Algorithm.
ectly to colposcopy after the 1. follow-up screen and some sent them to2. follow-up screen.
llow-up test are referred to colposcopy. (D) HPV Persistence Algorithm 2. All women who



Fig. 4. Decisive cytology algorithms.
(E) Decisive Cytology Algorithm 1. All HPV positive cytology negative are sent back to the
routine screening already at the index screen. (F) Decisive Cytology Algorithm 2. All HPV
positive cytology negative are sent back to the routine screening at the first follow-up
screen (G) Decisive Cytology Algorithm 3. All HPV positive cytology negative are sent
back to the routine screening at the second follow-up screen.

Fig. 5. ROC-like curve presenting the algorithm characteristics by screening round.
X-axis is the 1-specificity and and y-axis the sensitivity for CIN II+. The color of the point repr
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randomized attended the index test. The cumulative detection rate of
CIN II+ at 4.5 years was 0.93% (670/72238) and 0.60% (457/76654)
for the HPV and the cytology arms, respectively (Supplement 1). The
proportion of cervical cancers among CIN II + s was the same 3.7% in
both arms (25/670 and 17/457). Of the first follow-up HPV tests, 64%,
in the first screening round were done between 12 and 18 months
from the index test (shows as a detection peak in Supplement 1).

In the second screening round, 60.4% (30,849/51101) of the invited
attended the index screen and 80.8% (24,937/30849) of them were
tested with an HPV test (Fig. 2). In the cytology arm, 60.2% (30,720/
51049) of the invited attended the index screen.

The cumulative detection rate of CIN II+ at 4.5 years was 0.52%
(129/24937) and 0.45% (138/30720) for the HPV and the cytology
arms, respectively (Supplement 1). The proportion of cervical cancers
among CIN II + s was higher in the cytology arm, 0.51% (7/138), than
in the HPV arm, 0.31% (4/129). Of the first follow-up HPV tests, 67%, in
the second screening round were done between 12 and 18 months
from the index test (again a detection peak in Supplement 1).

The episode sensitivity (vertical axis) and specificity (horizontal
axis) estimates, the PPVs for CIN II+, and the colposcopy referral rates
of each algorithm are summarized by screening round in Fig. 5. Based
on this receiver operating characteristic (ROC) -like curve, the best
balance between sensitivity and specificity is in algorithm HPV Persis-
tence 2 in both screening rounds. HPV Persistence Algorithm 1 has a
similar sensitivity in both rounds as HPV Persistence 2 but lower
specificity and a higher colposcopy rate. The HPV Stand-alone Algo-
rithm has clearly the highest sensitivity, but lowest specificity although
it improves in the second screening round. In both rounds, the highest
specificities are among the two algorithms with the lowest sensitivities,
the Decisive Cytology 1 and the Cytology. However, the differencies in
specificities are quite marginal in all HPV Persistence and Decisive
Cytology algorithms.

The colposcopy referral rate goes hand in hand with the specificity,
being the highest in the HPV Stand-alone Algorithm and the lowest in
the Cytology Algorithm. Compared to the first screening round, the
esents the magnitude of the PPV, and the size of the point the colposcopy referral rate.
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colposcopy referral rates are clearly lower in algorithms HPV Stand-
alone, HPV Persistence 1, andHPV Persistence 2 in the second screening
round (see Supplement 2 for exact numbers). The ratio of CIN II+ cases
detected to colposcopies performed was highest in the algorithms with
the highest specificity, see Supplement 2. In the HPV algorithms, this
ratio is much higher in the first screening round than in the second
screening round.

The PPVs of theHPV algorithms are better in the first than in the sec-
ond screening round (Fig. 5, Supplement 2). In thefirst screening round,
all PPVs, except that of theHPV Stand-alone Algorithm, are far over 20%.
In the second screening round, all PPVs of theHPV algorithms are 17% or
below.
3.1. The cumulative sensitivities

The HPV Stand-alone Algorithm shows the highest (> 93%)
cumulative sensitivity throughout the first screening round (Fig. 6).
Correspondingly, also the HPV Persistence 1, the HPV Persistence 2,
and the Decisive Cytology 3 algorithms show high cumulative sensitivity
(>80%).

The cumulative sensitivity curve of the Decisive Cytology Algorithm
1 differs from the curves of the other HPV algorithms. The cumulative
sensitivity of Decisive Cytology 1 starts to decrease already after one
year, at the time of the first follow-up test, and at 4.5 years it is only
Decisive Cytology 1

Decisive Cytology 3 Decisive
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Fig. 6. Cumulative sensitivities for algorithms in the first screening round.
Algorithms are presented indecreasing order in cumulative sensitivity. The x-axis is the time in
cumulative sensitivity. The upper and lower limits of confidence intervals are the dashed lines
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65%. The cumulative sensitivity curve of Cytology Algorithm decreases
quite steadily after one year, dropping to 69% at 4.5 years.
4. Discussion

We compared sensitivity, specificity, PPV for CIN II+, and colposcopy
referral rates of five different HPV algorithms with cytology triage, HPV
algorithm without triage, and a cytology algorithm within two rounds
of an HPV implementation trial. Based on our analyses, the best balance
between episode sensitivity and episode specificity was in the HPV
Persistence 2 Algorithm in both screening rounds. In this algorithm, all
HPV positive cytology negative individuals were followed-up with two
tests without sending them back to routine screening. In both screening
rounds, the HPV Persistence 1 had quite a similar episode sensitivity, but
a lower specificity and thus clearly higher colposcopy referral rate than
the HPV Persistence 2.

The Decisive Cytology Algorithms, where HPV positive cytology
negative individuals were sent back to the routine screening either at
the index test or at the follow-up tests, had lower colposcopy referral
rates and lower episode sensitivities for the CIN II+detection compared
to the other HPV algorithms. From the cumulative sensitivity curves, we
can see that the drops in sensitivity happenedwhenHPV positive cytol-
ogy negative individuals were sent back to the routine screening.
Additionally, the episode specificity estimates of these algorithms
were not essentially better than that of theHPVPersistenceAlgorithm2.
 Cytology 2 Cytology

rsistence 1 HPV Persistence 2

3 4 0 1 2 3 4

 (years)

rent algorithms

years from the index test to the end of thefirst screening round (4.5 years). The y-axis is the
.
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HPV Stand-alone Algorithm has the highest episode sensitivity in
both rounds but is not a sensible screening algorithm for population-
based cervical cancer screening due to its low specificity. When HPV
Stand-alone is compared with the Cytology Algorithm, the HPV test
finds radically more CIN II+ cases than the cytological test. However,
the Finnish primary cytology screening has been of a high impact and
has had a low probability of such false negative cytological diagnoses
that would have led to cervical cancer diagnosed after the screening
visits [29,30]. This may be of relevance also considering that all the
HPV algorithms with cytology triage, except for Decisive Cytology Algo-
rithm 1, would lead to a higher overall CIN II+ detection probability
than the Cytology Algorithm.

Feasible triage algorithms have been studied previously for the first
HPV screening round [31,32]. Our results are in line with a study based
on Swedescreen [31], where themost feasible strategy was comparable
to our HPV Persistence Algorithm 1. A Dutch study [32], on the other
hand, considered this algorithm infeasible due to a high colposcopy re-
ferral rate, whichwas themain constraint in their analysis. Instead, they
considered a strategy comparable to our Decisive Cytology Algorithm 2
the most suitable. We cannot rule out that differential referral rate as
well as detection rate of CIN lesions in cytology between Sweden and
the Netherlands could have affected the above interpretations. None-
theless, we did not find distinct differences in the colposcopy referral
rates between these two algorithms in our study.

Based on our results, the algorithm characteristics are only slightly
different by screening round. The sensitivities for CIN II+ are a bit
lower in the second screening round than in the first screening round
in all the algorithms. Similarly, the colposcopy referral rates are also
lower, especially in HPV Stand-alone Algorithm. The ratio of CIN II+ de-
tected to colposcopies performed and the PPVs are lower in the HPV al-
gorithms in the second screening round than in the first round. The
second screening round may resemble more the real-life situation
after the onset of routine HPV screening and is therefore important to
assess. Regarding the HPV algorithms these differences might be due
to the fact that many prevalent HPV infections were treated during
the first screening round. Further, the trial cohort was 5 years older in
the second screening round which may have slightly lowered the
amount of infections and lesions, affecting the algorithm characteristics.

The HPV screening algorithms suffer from essential overdiagnosis of
non-progressive CIN II+ lesions, because HPV screening can not differ-
entiate between progressive and non-progressive CINs. To examine the
potential of overdiagnosis, we calculated the number of CIN II + s
needed to treat (NNT) [33] to prevent one additional cancer in the
HPV arm compared to the cytology arm. This was calculated for individ-
uals who attended both screening rounds (see Supplement 3 for
details). NNT for this is 53, which indicates that many of the CIN II+
cases in the HPV arm in the first screening round represent overdiagno-
sis. The incidence of cervical cancer is low in Finland, mostly due to the
high effectiveness of cytological screening [30,34]. This may elevate the
NNT, since there are only a few additional cancers to be prevented.
Therefore, in a country where the cervical cancer incidence is clearly
higher [1] or cervical screening has not yet been developed, the balance
between benefits and harms could be different.

Of the 25 cancers in the HPV arm in the first screening round, seven
cancers were HPV negative in the index test. In the second round 1 out
of 4 cancers in the HPV arm was HPV negative in the index test. There
were only minor differences in the detection of these cancers in both
rounds among the HPV algorithms. However, Decisive Cytology 1
clearly detected the least number of cancers of the HPV algorithms,
and it was the only HPV algorithm with a lower cancer detection
percentage than the Cytology Algorithm.

Due to the clearly higher colposcopy rates of themore sensitive HPV
algorithms when compared to Cytology Algorithm, we still need other
triage options besides cytology. Further triage options for HPV-
positive women such as e.g. HPV genotyping or other clinically
validated triage tests might be considered [35].
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4.1. Strengths and limitations

Our datawere based on one of the largest and earliest HPV screening
trials whichwas executed as a part of the routine screening programme.
Due to a long follow-up (2003–2012) we were able to study the
algorithm characteristics over two screening rounds, making the results
more applicable to routine screening. We also had individual informa-
tion on the randomized individuals, which allowed us to use compre-
hensive data from three nationwide registers.

The algorithmswere created post-hoc to the same study population.
This means that the HPV algorithms are not mutually independent,
whichmay effect the results. During the trial, individualsweremanaged
according to the HPV Persistence Algorithm 2 and because all HPV pos-
itive individuals were not immediately sent to colposcopy, we might
have missed few (regressive) CIN II+ cases only detectable with the
most sensitive algorithms. However, the fact that our study material
also had all CIN II+ cases diagnosed outside of the screening pro-
gramme and since opportunistic testing is highly common in Finland
[36], we can assume that the results are close to a real-life scenario.

The adherence to follow-up tests can affect the sensitivities of algo-
rithms with one or two follow-up tests. However, the inclusion of the
CIN II+ cases diagnosed outside of the organized screening clearly re-
duces the potential effect of this phenomenon on our results. It is also
possible, but similarly unlikely, that individuals have seeked treatment
much belated after the second screening round, and we thus have
missed lesions.

One major limitation is the current histological classification
using high-grade squamous intraepithelial lesion (HSIL) grading,
encompassing both CIN II and CIN III. Therefore, we could only consider
CIN II+ as the outcome [37]. Furthermore, in the early years of the trial
our cytology laboratories used a modified Papanicolaou classification;
the conversion from Papanicolaou groups to Bethesda diagnoses is not
precise. Also, the management guidelines for cervical precancers have
changed after the onset of the trial. Primary HPV screening is currently
not recommended for individuals under 30 years old [17]. However,
our data also had individuals younger than this age. If the HPV
algorithms were limited to individuals 35 and over, the specifity of
HPV testing would have been slightly higher, prevalence of precancers
lower and progression probability of precancers larger [17,38]. Nowa-
days there are several other validated HPV tests, shown to give quite
comparable results with the HC2 [39,40].
5. Conclusions

Based on our results, the best balance between sensitivity and spec-
ificity is achieved by HPV Persistence Algorithm with two repeated
follow-up tests. Screening algorithms where HPV positive cytology
negative individuals are sent back to the routine screening induce
lower sensitivity of CIN II+ and only a slightly higher specificity.
Furthermore, even the HPV Persistence Algorithms require more col-
poscopy referrals than cytology screening and therefore contribute to
increased overdiagnosis. Triage options based on HPV genotyping
should be considered for the HPV positive individuals.
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