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ABSTRACT

Cervical cancer is the fourth most common malignancy among women worldwide
and the third most common cause of cancer mortality. Cervical cancer comprises
two distinct histological types: squamous cell carcinoma (SCC) and endocervical
adenocarcinoma (EAC), of which SCC is the most common. In recent decades, both
the relative and absolute incidences of EAC have increased, particularly in high-
income countries.

Most existing cervical cancer research is based on SCC and its precursor lesions.
In this thesis, we focused on the diagnostics of EAC and its precursor lesion,
adenocarcinoma in situ (AIS). We investigated the cytomorphological features
associated with EAC and AIS, along with the features obscuring their diagnoses and
the features leading to their false-positive diagnoses. Additionally, we evaluated the
diagnostic reproducibility in cytology, as well as the performance of HPV primary
screening in detecting EAC and AIS.

We found that most histological lesions behind cytological endocervical cell
atypia are purely squamous. A combination of cytomorphological features, including
palisading cell borders, nuclear pleomorphism and the lack of single atypical cells in
conventional Pap smears, predict histological EAC and AIS. The reproducibility of
the more severe cytopathological diagnoses is of a moderate level and better than
that of the milder cytological changes and glandular and squamous features. In EAC
and AIS Pap smears, marked nuclear enlargement and nuclear pleomorphism are the
most common features in Pap smears, with good consensus of the neoplastic nature
and of the endocervical cell origin of the lesion. In turn, degenerative changes and a
lack of nuclear enlargement are the most frequent features encountered in samples
with low consensus.

Squamous metaplasia, significant mixed inflammation, tubal metaplasia and
microglandular hyperplasia are the most common benign causes of the misdiagnosis
of endocervical cell atypia in cytology. Lack of nuclear crowding and lack of
degenerative changes are the best cytomorphological features in separating benign
endocervical cell atypias from those harbouring malignancy.

In our study, no neoplastic lesions were found among hrHPV-negative patients
presenting with endocervical cell atypia in cytology. One hrHPV-negative gastric-
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type EAC was missed by the HPV primary screening during the investigated 4-year

screening period.
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TIVISTELMA

Maailmanlaajuisesti kohdunkaulasyépi on naisten neljanneksi yleisin sy6pa. Naisten
syopakuolemien aiheuttajana kohdunkaulasy6pa on kolmanneksi yleisin.

Mikroskooppisesti  kohdunkaulasy6pd koostuu kahdesta eri syOpityypistd,
levyepiteelisolusyovisti ja lieriGepiteelisolusy6vistd. Naisté levyepiteelisolusy6pa on
selvisti  yleisempi. Viime vuosikymmenten aikana lieriGepiteelisolusy&pien
kokonaismiiri, sekd maira suhteessa levyepiteelisolusyopien mairdan, on kasvanut
etenkin korkean elintason maissa.

Enemmist6 alemmista kohdunkaulasyopatutkimuksista kisittelee
levyepiteelisolusyopdd ja sen esiastemuutoksia. Téssd viitoskirjatutkimuksessa
keskityimme lieriGepiteelisolusyopdin ja sen esiastemuutokseen, in situ- tasoiseen
lieriepiteelisolusyopdan. Tutkimme irtosolunaytteisti lieriGepiteelisolusy6pai ja sen
esiastemuutosta ennustavia solupiirteitd sekd solupiirteitd, jotka johtavat diagnostisiin
virhetulkintoihin. Lisdksi tutkimme irtosolundytteisiin perustuvan diagnostiikan
toistettavuutta seka HPV-perusteista kohdunkaulasy6paseulontaa
lieriGepiteelisolumuutosten niakokulmasta.

Totesimme, etti  enemmistd  lieriGepiteelisoluperiisiksi  tulkituista
irtosoluniytteiden muutoksista on puhtaasti levyepiteelisolusyovin
esiastemuutoksista aiheutuneita. Irtosolundytteissd samanaikaisesti esiintyneet
paaluaitamaisesti jirjestiytyneet solujen tumat solukasojen reunoilla, kooltaan ja
muodoltaan huomattavan vaihtelevat solujen tumat sekid yksittdisten poikkeavien
solujen puuttuminen, ennustavat lieribepiteelisolusyovin ja sen esiastemuutoksen
16ytymistd kudosnaytteesta.

Vaikea-asteisimpiin irtosolumuutoksiin liittyvien diagnoosien toistettavuus on
kohtalaista tasoa. Lieviin solumuutoksiin liittyvien diagnoosien toistettavuus on
matala-asteisempaa. Samoin arvioitaessa lieriGsoluperiisten solupoikkeavuuksien
erottamista  levyepiteelisoluperdisistdi ~ solupoikkeavuuksista, irtosoluniytteiden
diagnoosien toistettavuus on matala-asteisesta.

Niissd  lieriGepiteelisolusyépdd  tai  sen  esiastemuutosta  edustavissa
irtosolundytteissd, joissa yhteisymmirrys solujen pahanlaatuisuudesta  ja
lieriGepiteliaalisesta alkuperistid on hyvi, tavallisimpia solupiirteitd ovat huomattava

tumakoon kasvu sekd huomattava tuman koon ja tuman muodon vaihtelu.

ix



Vastaavasti naytteissd, jossa solujen luonteesta ja alkuperisti ei synny
yhteisymmirrystd,  tavallisimpia  solupiirteitdi ~ ovat  hajoamiseen  liittyvit
solumuutokset sekd tumakoon kasvun puuttuminen.

Levyepiteelimetaplasia, merkittivi sekasoluinen tulehdus, tubaalinen metaplasia
ja mikroglandulaarinen hyperplasia ovat yleisimpid hyvinlaatuisia muutoksia, jotka
irtosoluniytteissd johtavat virheelliseen lieriGepiteelisolupoikkeavuuden tulkintaan.
Solupiirteitd, jotka parhaiten erottelevat hyvinlaatuisiin  muutoksiin liittyvat
lieri6epiteelisolupoikkeavuudet pahanlaatuisiin muutoksiin liittyvistd
lieridepiteelisolupoikkeavuuksista ovat tumien ruuhkautumisen puuttuminen sekd
solun hajoamiseen liittyvien muutosten puuttuminen.

Ainuttakaan pahanlaatuista muutosta ei [6ytynyt aineistomme potilailta, joilla oli
negatiivinen HPV- testitulos sekd irtosoluniytteessd lieridepiteelisolupoikkeavuus.
HPV-  seulonnassa yksi HPV- negatiivinen, gastrista alatyyppia oleva
lieriGepiteelisolusyopd jdi 10ytymattd neljin perikkiisen vuoden seulontaikiisten

naisten aineistossa.
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17 INTRODUCTION

Most new cervical cancer cases occur in low- and middle-income countries, where
cervical cancer mortality rates are generally the highest. High-income countries have
implemented cervical cancer screening programmes, which have been successful in
reducing both the incidence and mortality rates of cervical cancer. (Bray et al., 2012;
GCO, 2022; IARC, 2022, Zhang et al., 2021).

The reductions seen in cervical cancer incidence rates in high-income countries
are due to the reduced numbers of squamous cell carcinoma (SCC). Simultaneously,
both the relative and absolute number of endocervical adenocarcinoma (EAC) cases
has increased; currently, the incidence of EAC in high-income countries is around
15% (Holl et al., 2015; Pimenta et al., 2013; Smith et al., 2000).

Traditionally, the screening and diagnosis of cervical cancer has been based on
cytology. Since the causal relationship of high-risk human papillomavirus (hrHPV)
infection in nearly all SCC and most EAC cases has become evident, HPV testing
along with or instead of cervical cytological sampling has become more common
both in clinical practice and in cervical cancer screening (Bosch et al., 2002; Moljin
et al., 2016; de Sanjose et al., 2010; Pirog et al., 2014; Wallboomers et al., 1999).

The hrHPV test has a high negative predictive value for cervical cancer (Katki et
al., 2011; Ogilvie et al., 2018). In the risk stratification of hrHPV-positive patients, a
cervical cytological sample is still the main method used.

In cervical cytology, the reproducibility of diagnostic categories is generally quite
low. In particular, milder atypias and endocervical cell changes have been shown to
be problematic. (Confortini et al., 2006; Lee et al., 2002; Lepe et al., 2018; Simsir et
al., 2003).

The aim of this study was to find tools to improve the diagnostics of EAC and
its precursor lesion adenocarcinoma in situ (AIS). We focused on cytomorphology
in an attempt to define the earliest features predicting EAC and AIS, which would
enable earlier recognition of patients harbouring a malignant lesion and requiring
immediate intervention. Additionally, we focused on the features leading to false-
positive and false-negative cytological interpretations and thus to unnecessary and

costly follow-ups and procedures, as well as missed malignancies.
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2 REVIEW OF THE LITERATURE

2.1 Cervical cancer incidence, mortality, and trends

In 2020, cervical cancer was the fourth most common cancer among women
worldwide following breast, colorectal and lung cancer, with an estimated 604,000
new cases diagnosed yeatly. As also estimated, cervical cancer was responsible for
around 342,000 cancer deaths, making it the third most common cause of cancer
mortality after breast and lung malignancies. Although both the age-standardised
incidence rate (ASIR) and age-standardised death rate (ASDR) show a decreasing
trend of cervical cancer globally, most new cervical cancer cases occur in low- and
middle-income countries, where the mortality rates are generally the highest (Bray et
al,, 2012; GCO, 2022; IARC, 2022; Zhang et al., 2021). Countries with a very low
incidence of cervical cancer (ASIR less than 5 per 100,000) are mostly located in
Western Asia or the western part of Central-South Asia (Arbyn et al., 2020).

= i
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Age-standardised incidence -
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1 18 tor <21{17 countries) R,

Figure 1. Age- standardised incidence of cervical cancer by country. Reprinted from Arbyn (Arbyn et
al., 2020).
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Figure 2. Age- standardised mortality of cervical cancer by country. Reprinted from Arbyn (Arbyn et
al., 2020).

In Europe, cervical cancer is the eighth most common cancer among women
(Ferlay et al.,, 2018). Its burden varies regionally, with Northern, Western and
Southern Europe presenting generally with only a modest incidence rate (ASIR < 10
per 100,000) and Eastern Europe with a high incidence rate (ASIR > 15 per 100,000).
The lowest ASIR of 3.5 per 100,000 has been reported in Malta and the highest ASIR
of 25.0 per 100,000 in Latvia. In addition, the mortality rates among European
countries are variable, with the highest age-standardised mortality rates (ASMR)
reported in Bulgaria (ASMR 8.9) and the lowest in Finland (ASMR 0.9) (Arbyn et al.,
2021).

In Finland, the cervical cancer ASIR of 4.5 per 100,000 is one of the lowest in
the world and lower than the ASIR range of 8.2—10.4 per 100,000 seen in other
Nordic countries. This corresponds to 168 new cervical cancer cases detected in
Finland annually, according to statistics from 2012-2016 (NORDCAN, 2022). Both
in Finland and globally, there is a peak in incidence rate in the age group of 30—40-
year-old women (Arbyn et al., 2020; NORDCAN, 2022). In Finland, the ASIR of
cervical cancer in this age group is about 12 per 100,000 NORDCAN, 2022).

In recent decades, the introduction of cervical cancer screening programmes has
led to an overall decrease in cervical cancer incidence and mortality, both in Europe
in general and in Nordic countries in particular (Arbyn et al., 2009; Bray et al., 2005;
Laara et al., 1987; Vaccarella et al., 2014). In Europe, though, the reduction rate has
been variable in different countries; in some European countries, mainly in Eastern
Europe, the latest reports have continued to show an increasing trend (Arbyn et al.,
2009; Zhang et al., 2021).
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Figure 3. World age-standardised incidence and mortality rates for cervical cancer in Europe;
estimates for 2018. The red line represents the World Health Organization (WHO)

elimination target (4/100,000 per year). Reprinted from Arbyn et al. (2021). Original source
of data: IARC GLOBOCAN.

In Finland, the incidence rate of cervical cancer began to decrease in the 1960s,
when the national cervical cancer screening programme was introduced. The
incidence rate continued to drop until the 1990s, after which it remained at the same
level. According to the latest national report, the incidence of cervical cancer differs
among different socioeconomic classes today. Women with only basic education
have nearly twice the incidence rate of cervical cancer as women with higher
education (Sy6pirekisteri, 2020).

Currently, cervical cancer represents 1.1% of all cancers in Finland and is
responsible for 1.0% of cancer deaths INORDCAN, 2022). At present, the survival
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rate in cervical cancer is around 70%. Among women with only a basic level of
education, the mortality is 2.5 times higher than among women with higher
education (Sy6pirekisteri, 2022).

The reduction seen in cervical cancer incidence rates is due to the reduced rates
of squamous cell carcinoma (SCC). According to numerous reports, the incidence
of adenocarcinoma (EAC) had risen until the early 21st century, with an increase of
up to 29.1% in the reported age-adjusted incidence rates (Bray et al., 2005; Gunnell
et al.; Reimers et al., 2009; Sasieni et al., 2004; Smith et al., 2000; Wang et al., 2004).
Additionally, a rise in the incidence of EAC, specifically in the younger age groups
of women under 45 years, has been observed (Bulk et al., 2005). The most recent
studies have reported stable levels of EAC, which, in association with declining SCC
rates, still result in increased relative incidence rates (van der Horst et al., 2017;
Mancini et al., 2017).

Globally, EAC is estimated to represent 9.4% of all cervical cancers (Pimenta et
al., 2013). However, its relative percentage varies considerably by country and region.
In developed countries, EAC comprises 14.2% to 18.7% of cervical cancers (Holl et
al., 2015; Pimenta et al., 2013; Smith et al., 2000).

At the same time, the increase in the incidence of AIS has been even more
pronounced (Gunnell et al., 2007; van der Horst et al., 2017; Orumaa et al., 2019;
Wang et al., 2004), especially in females aged 25-39 (van der Horst et al., 2017). In a
recent study covering the years 2008—-2015, a declining trend of AIS was observed
among women aged 21-24 years, which was speculated to represent the effect of the
HPV vaccination (Cleveland et al., 2020). In the older age groups, the AIS incidence

remained stable.

2.2 Histological classification

Cervical carcinoma comprises two histological types: SCC and EAC. According to
the 5th edition (the latest) of the WHO Classification of Female Genital Tumors,
both subtypes are further divided into HPV-associated and HPV-independent
categories, described below (WHO Classification of Tumors Editorial Board, 2020).
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Figure 4. Cervical carcinoma comprises two distinct histological types: squamous cell carcinoma (A)
and adenocarcinoma (B). Hematoxylin and eosin stain, magnification 5x (A) and 5x (B).

The histological subtypes in the HPV-associated adenocarcinoma category are
the usual type EAC and the mucinous EAC. Mucinous cytoplasm is found in 10—
50% of tumour cells of the usual type and more than 50% of tumour cells of the
mucinous type. Characteristics of both types include apical mitoses and apoptotic
bodies, which are recognisable at low magnification.

Figure 5. Characteristic for HPV-associated adenocarcinomas are apical mitoses and apoptotic
bodies, which are recognisable at low magnification in light microscopic examination.
Endocervical adenocarcinoma, usual type (A) and intestinal endocervical adenocarcinoma
with goblet cells (B). Hematoxylin and eosin stain, magnification 20x (A) and 20x (B).

The usual subtype includes the villoglandular variant, which is an exophytic
papillary tumour with mild atypia and absent or minimal stromal invasion. The
mucinous type has four variants: 1) mucinous, EAC-NOS with normal endocervix-
resembling mucinous tumour cells; 2) intestinal EAC with goblet cells and/or enteric
differentiation seen in = 50% of the tumour cells; 3) signet-ring cell EAC with =
50% of the tumour consisting of loose, round cells with an intracytoplasmic mucin
vacuole displacing the nucleus; and 4) stratified mucin-producing carcinoma with
invasive nests of stratified epithelium with intracytoplasmic mucin.
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Figure 6. Adenocarcinoma in situ at squamocolumnar junction (A). The lesion shows block-type p16
positivity and high proliferation in the KI-67 stain (B). Hematoxylin and eosin stain,
magnification 10x (A) and dual stain p16/Ki-67, magnification 20x (B).

HPV-associated EAC has a precursor lesion AIS, in which the neoplastic changes
are confined to the pre-existing glandular structures without stromal invasion. In
AIS, the nuclei are typically pseudostratified and hyperchromatic, and apical mitoses
and basal karyorrhexis usually are easily identified. The morphological spectrum of
AlIS includes mucin depletion, obvious mucinous cells, goblet cells, ciliated cells and
monolayered changes. A specific subtype is the stratified mucin-producing
intraepithelial lesion, in which intracytoplasmic mucin is seen in all layers of stratified
epithelium, often peripherally cuffed by basaloid or reserve cells.

The histological types included in the HPV-independent adenocarcinoma
category are the gastric type EAC, the clear cell type EAC, the mesonephric type
EAC and the endometrioid type EAC.

Figure 7. The gastric type endocervical adenocarcinoma is the most common subtype in the HPV-
independent adenocarcinoma category. No apical mitosis or apoptotic bodies can be
appreciated. An extremely well-differentiated example (A) and a case with more
pronounced atypia (B). Hematoxylin and eosin stain, magnification 20x (A) and 20x (B).
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The tumour cells in gastric type EAC typically have abundant clear or pale
eosinophilic cytoplasm and distinct cell borders. Apical mitoses and apoptotic bodies
are inconspicuous. Morphology can vary from extremely well-differentiated to poor.

Figure 8. Tumour cells with prominent cell boundaries, clear cytoplasm and minimal cell stratification
are typical for clear cell type EAC. There are tubular and solid structures in the partly
hyalinised stroma (A). Endometrial type EAC is morphologically identical to endometrioid
carcinoma of the uterine corpus (B). Hematoxylin and eosin stain, magnification 20x (A)
and 20x (B).

In clear cell type EAC, tumour cells with prominent cell boundaries and clear,
eosinophilic or granular cytoplasm show only minimal stratification. Mitoses are rare
and stromal hyalinisation is common. Architecture is tubulocystic, papillary, solid or
a variable mixture of growth patterns. Although endometrioid type EAC lacks apical
mitoses and apoptotic bodies at scanning magnification, it can resemble mucin-poor
usual type EAC. Before diagnosing endometrial type EAC, an endometrial primary
tumour and HPV infection should be excluded.

Figure 9. In mesonephric type EAC, the best recognised growth pattern includes tubular glands
lined with cuboidal cells and filled with dense eosinophilic secretions (A). The mesonephric
type EAC is typically positive with PAX8 and GATA3 and negative with hormone receptors
(B). Hematoxylin and eosin stain, magnification 20x (A) and PAX8 immunohistochemical
stain, magnification 20x (B).
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Classically, in mesonephric-type EAC, there are tubular glands lined with
cuboidal cells with uniform nuclei, but several other growth patterns can occur. The
glandular lumina are typically filled with dense eosinophilic secretions. The mitotic
activity is variable. The endometrial type EAC is identical to its endometrial
counterpart.

Of the HPV-independent adenocarcinomas, only the gastric type EAC has an
established precursor lesion, gastric type adenocarcinoma in situ (gAIS). In gAlIS,
cells morphologically similar to cells seen in gastric-type EAC are confined to pre-
existing endocervical glands. Currently, lobular endocervical glandular hyperplasia
and its atypical variant are also considered most likely to represent the spectrum of
gAIS (WHO Classification of Tumours Editorial Board, 2020).

While in SCC, hrHPV prevalence rates approaching 100% have been published
(Wallboomers et al., 1999, Mufioz et al., 2003), in EAC, hrHPV is less common, with
a reported range of 62% to 90% of the cancers positive (An et al., 2005; Chen et al.,
2016; Hodgson et al., 2019; Holl et al., 2015; Moljin et al., 2016; de Sanjose et al.,
2010; Smith et al., 2007; Pirog et al., 2014). Both in SCC and EAC, the hrHPV-
negative cancers present at an older age and at a more advanced clinical stage than
the hrHPV-positive tumours (Chen et al., 2016; Moljin et al., 2016; Pirog et al., 2014,
Radomska et al., 2021; Stolnicu et al., 2018; Tjalma et al., 2013).

As described above, the EAC is a heterogenic group of tumours, including
histological subtypes originating from hrHPV-independent pathways, as is accepted
by the current WHO 2020 classification system (WHO Classification of Tumours
Editorial Board, 2020). The most common histological subtype is the usual type,
which comprises 59%—-89.3% of the EAC, according to previous studies (An et al.,
2005; Chen et al., 2016; Holl et al., 2015; Moljin et al., 2016; Park et al., 2013; Pirog
et al., 2014; Radomska et al., 2021; Stolnicu et al., 2018). In the same studies, the
proportion of the rarer EAC subtypes ranged from 1.6% to 20.8% for tumours now
classified as the gastric type, 0% to 6.3% for the clear cell type, 0% to 6.7% for the
endometrioid type and 0% to 8% for the not otherwise specified type. Most of the
studies have also included the serous type (which has been withdrawn from the
current WHO classification), with prevalence ranging from < 1% to 5.0% (An et al.,
2005; Chen et al., 2016; Holl et al., 2015; Moljin et al., 2016; Park et al., 2013; Pirog
et al., 2014; Stolnicu et al., 2018).

The different classification systems used in different studies are probably
responsible, in part, for some of the variation seen in the relative proportions of the
histological subtypes. This variation also likely reflects the fairly low histological
diagnostic reproducibility of these subtypes (Chen et al., 2016; Hodgson et al., 2019;
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Holl et al., 2015). However, there seems to be some true regional variation in the
EAC subtype distribution observed between both countries and continents (Holl et
al.,, 2015; Pirog et al., 2014).

2.3 Etiology

The causal relationship of hrHPV infection with nearly all cervical SCC and with the
majority of EAC is well documented (Bosch et al., 2002; Moljin et al., 2016; de
Sanjose et al., 2010; Pirog et al., 2014; Wallboomers et al., 1999). Thus, hrHPV
infection is currently generally accepted as the most important etiological risk factor
for cervical cancer. However, HPV infection alone is not sufficient to cause invasive
cancer. Additional modifications in intra- and intercellular signalling cascades and in
cell-mediated immune responses are needed (zur Hausen, 2000; McBride, 2022;
Olusola et al., 2019). Additionally, sexual behaviour-related wvariables, other
gynaecological infections, changes in vaginal microbiome and immune suppression,
including HIV and smoking, have been associated with an increased risk of
developing cervical cancer (Doulgeraki et al., 2022; Castellagué et al., 20006).

The usual EAC subtype presents with the strongest association with hrHPV
infection, with a reported range of 60% to 95% of the tumours being positive (Chen
et al., 2016; Holl et al., 2015; Jenkins et al., 2020; Moljin et al., 2016; Park et al., 2013;
Pirog et al., 2014). In the same studies, the presence of hrHPV in the rarer subtypes
also varied greatly, but when detected in microdissected tumour tissue only, hrHPV
was present in 0% of the gastric and serous types of EAC and in 0% to 13% of the
clear cell and endometrioid types (Jenkins et al., 2020; Moljin et al., 2016). Likewise,
when diagnosed according to the International Endocervical Adenocarcinoma
Criteria and Classification (IECC), on which the current WHO 2020 classification is
based, only 3% of the tumours in the HPV-independent category showed hrHPV
positivity (Stolnicu et al., 2018).

Currently, the genomes of nearly 450 different HPV types have been isolated and
sequenced. Of these, 220 are listed as reference types by the HPV Reference Centre
(McBride, 2022). Around 40 HPV genotypes cause infections in the anogenital area
and of them, genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 are classified
as carcinogenic and generally referred to as high-risk types (Bouvard et al., 2009;
Halec et al., 2013; zur Hausen, 2000). Genotypes 206, 30, 34, 53, 66, 67, 68, 69, 70,
73, 82, 85 and 97 are included in the categories of probably or possibly carcinogenic
HPV types and they are generally referred to as probable/possible high-risk types
(Bouvard et al., 2009; Halec et al., 2013).
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Table 1. The HPV genotypes currently defined as carcinogenic and probably or possibly
carcinogenic by the IARC’; correspondingly referred to as the high-risk and the
probable/possible high-risk genotypes.

High-risk HPV genotypes Probable/possible high-risk genotypes

16 25
18 30
31 34
33 53
35 66
39 67
45 68
51 69
52 70
56 73
58 82
59 85

89

* IARC (International Agency for Research on Cancer)

Worldwide, the two most common HPV genotypes encountered in cervical
cancer are HPV16 and HPV18, which together constitute 70% to 98.3% of HPV-
positive EAC cases (An et al., 2005; Chen et al., 2016; Holl et al., 2015; Moljin et al.,
2016; Park et al., 2013; Pirog et al., 2014; de Sanjose et al., 2010; Smith et al., 2007;
Tjalma et al., 2013). HPV18 is more common in EAC than in SCC, and, for example,
in Denmark, Greece, Germany and Korea, HPV18 is the major HPV genotype
detected in EAC (Holl et al., 2015; Park et al., 2013; Smith et al., 2007). Most often,
HPV45 is the third most common HPV genotype encountered in EAC, although in
some countries the third type has been reported to be HPV31, HPV33, HPV52 or
HPV not otherwise specified (An et al., 2005; Chen et al., 2016; Holl et al., 2015;
Park et al., 2013; Pirog et al., 2014; de Sanjose et al., 2010; Tjalma et al., 2013). Other
HPV genotypes described in association with EAC are genotypes 6, 30, 35, 39, 45,
51, 53, 56, 58, 59, 606, 68 and 73, which all show a regionally variable but generally
low distribution of around 2% and under (Chen et al., 2016; Holl et al., 2015; Moljin
et al,, 2016; Park et al., 2013; Pirog et al.; de Sanjose et al., 2010; Smith et al., 2007).
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Infection with multiple htHPV genotypes occurs in 7%—13% of EAC, most
frequently in subtypes other than the usual EAC (An et al., 2005; Chen et al., 2016;
Holl et al., 2015; Pirog et al., 2014; Tjalma et al., 2013). In most multiple infections,
HPV16 and/or HPV18 are present (An et al., 2005; Chen et al., 2016; Holl et al.,
2015; Pirog et al., 2014; Tjalma et al., 2013). Based on studies on squamous lesions,
HPYV genotypes 16, 18 and 45 seem to lead to development of neoplasia faster than
the other hrHPV genotypes (Tjalma et al., 2013). HPV16 and the much rarer
genotype HPV33 have been shown to have the highest progression rate and the
highest cumulative risk of invasive cancer (Demarco et al., 2020).

AIS is accepted as the precursor lesion of invasive EAC, but there are no well-
established earlier precursors for AIS, as there is low-grade squamous intraepithelial
lesion (LSIL) for high-grade intraepithelial lesion (HSIL) and SCC (Zaino, 2002;
WHO Classification of Tumours Editorial Board, 2020). In general, the pathogenesis
of AIS and EAC is less well defined than the progression from LSIL to HSIL and
subsequently to SCC. There is evidence that at least most of the AIS and EAC
originate in the region of the squamocolumnar junction or transformation zone (Lee
et al., 2000; Zaino, 2002). It has been suggested that reserve cells committed to
glandular differentiation in the area become infected by oncogenic HPV and start to
proliferate, which eventually leads to the development of AIS (Stoler, 2000).

AIS is diagnosed in women 5 to 20 years younger than in those with invasive
EAC (Holt et al., 2015; Lee et al., 2000; Plaxe et al., 1999; Zaino 2002). The mean
time of development of AIS has been reported to be shorter (21.0 months) among
women who have been HPV-positive at the study baseline compared with HPV-
negative women (28.7 months; Ault et al., 2011). No data addressing the possible
spontaneous regression rate of AIS were found.

Molecularly, the different histological subtypes of EAC present with different
mutational patterns. The most common abnormalities encountered in the HPV-
positive usual type EAC include mutations in the PIK3CA, KRAS, NRAS, GNAS,
FOXL2, AKT1, PTEN and TP53 genes and abnormalities in segments of the
PI3K/Akt/mTOR signalling cascade (Jenkins et al., 2020; Lou et al., 2015; Ojesina
et al., 2014; Stolnicu et al., 2021; Tornesello et al., 2014; Wright et al., 2013).

Some of the gastric type EAC are associated with Peutz-Jeghers syndrome, but
somatic mutations of STK11 have also been identified in addition to mutations in
TP53, CDKN2A, ERBB2/ERBB3, KRAS, AKT1, GNAS, SMAD4, PIK3CA,
BRAF and several other genes (Garg et al., 2019; Jenkins et al., 2020; Park et al,,
2021; Selenica et al., 2021; Stolnicu et al., 2021). Molecularly, the gastric type EAC is
a heterogenic group of tumours in which mutations of the TP53, STK11, CDKN2A,
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ATM and NTRK genes are more common than in HPV-associated tumours
(Hodgson et al., 2020).

The data on the rarer EAC subtypes are sparse. In clear cell type EAC,
microsatellite instability and mutations of the TP53 and PIK3CA genes have been
described (Boyd et al., 1996; Jenkins et al.,, 2020). In mesonephric type EAC,
mutations in KRAS or NRAS are common, and they often present with mutations
in chromatin remodelling genes ARID1A/B or SMARC4 and with chromosomal
abnormalities, including copy number gains of 1q, loss of 1p, and gain of
chromosomes 10 and 12 (Mirkovic et al., 2015; Mirkovic et al., 2017). No data on
the mutational profile of the endometrioid-type EAC were found.

2.4 Cytological diagnostics

2.4.1 Classification

Cytological endocervical cell abnormalities are currently classified according to
The Bethesda System for Reporting Cervical Cytology 2014 (I'BSRCC). The
Bethesda System was originally introduced in 1988, with updates in 1991, 2001 and
2014 (Nayar & Wilbur, 2015). Prior to the implementation of The Bethesda System,
Pap smears were diagnosed according to the Papanicolaou classification system,
which is a method introduced by Dr George Papanicolaou first in a conference paper
in 1928 and later as a more defined version in a publication in 1941 (Classes in
Oncology, 1973; Papanicolaou et al, 1941). In the cervical Papanicolaou
classification system, the cytological samples are divided into five diagnostic
categories as follows: 0 represents inadequate samples, 1 represents normal cells, 2
represents reactive cellular changes, 3 represents slightly worrisome cellular changes
of uncertain nature, 4 represents cellular changes severely suspicious for malignancy
and 5 represents cytologically malignant cells. According to the current TBSRCC
2014, endocervical cell abnormalities are classified into four diagnostic categories, as
described below (Nayar & Wilbur, 2015).

The category of atypical endocervical cells, not otherwise specified (AEC-NOS),
includes samples with nuclear features exceeding the changes normally encountered
in reactive and reparative processes, which at the same time are not severe enough
to confidently designate them as malignant. The features include some cell crowding,
nuclear overlapping or pseudostratification, nuclear enlargement up to 3 to 5 times

the normal, some variation in nuclear size and shape and mild hyperchromasia and
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chromatin irregularities with increased nuclear to cytoplasmic ratio. Cell borders are
usually preserved and distinct (Nayar & Wilbur, 2015).

The category of atypical endocervical cells, favour neoplastic (AEC-FN), includes
samples with clearly worrisome cytomorphological features, which at the same time
are not quantitatively or qualitatively sufficient for a malignant interpretation. The
features include sheets and strips of cells with increased nuclear-to-cytoplasmic ratio,
nuclear crowding, overlapping or pseudostratification, sometimes with ill-defined
cell borders. There is nuclear enlargement with hyperchromasia, coarseness of
chromatin and chromatin irregularities. Additionally, occasional rosettes, feathering,
mitoses or apoptotic bodies can be observed (Nayar & Wilbur, 2015).

Figure 10. Atypical endocervical cell fragments with mild nuclear enlargement, nuclear crowding and
some nuclear overlapping classified as AEC-NOS (A). A papillary-like endocervical cell
fragment classified as AEC-FN shows a palisading border, nuclear enlargement with
chromatin abnormalities, nuclear crowding and nuclear overlapping (B). Papanicolaou
stain, magnification 40x (A) and 60x (B).

In the categories of AIS and EAC, the cytomorphological features are mostly
similar as described above for AEC-FN, but they are more abundant. Rosettes,
feathering, mitoses and apoptotic bodies are more frequently encountered; in
addition, loss of honeycomb pattern and palisading nuclear arrangement can be
observed. The variation in nuclear size can be more pronounced, especially in EAC.
In EAC, macronucleoli and necrotic tumour diathesis are also encountered, the latter

indicating stromal invasion.

2.4.2 Performance and mimics of AEC, AlS and EAC

The reported incidence of endocervical cell atypia varies from 0.1% to 2.1%, with
an average of 0.29%, according to a large meta-analysis of 24 studies (Schnatz et al.,
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2006). The Bethesda categories AEC-NOS, AEC-FN and AIS have all been proven
to have a progressively better association with neoplasia (Burja et al., 1999; Lai et al.,
2009; Westin et al., 2008; Zardo et al., 2009) and also specifically with endocervical
glandular malignancies (Selvaggi, 2016). However, in many cases diagnosed as
endocervical cell atypia or malignancy in cytology, the histological sample has only
shown evidence of non-neoplastic changes, squamous or endometrial lesions or
other mainly gynaecological malignancies (Burja et al., 1999; Geldenhuys et al., 2007;
Kim et al., 1999; Kim et al., 2017; Lai et al., 2009; Pradhan et al., 2016; Rabelo-Santos
et al., 2008; Schnatz et al., 2006; Zardo et al., 2009; Zhao et al., 2009).

In detecting neoplasia, the sensitivity of a single Pap smear has varied widely,
from 15.3% to 100%, which can be explained at least partly by the heterogeneity
seen in the studied sample selection (Geldenhuys et al., 2007; Kim et al., 1991; Kim
et al., 2017; Krane et al., 2001; Schoolland et al., 2002; Zardo et al., 2009; Zhao et al.,
2009). In general, in studies also including Pap smears diagnosed as AEC-NOS,
AEM-NOS, AGC-NOS, negative for intraepithelial lesion or malignancy (NILM)
and insufficient instead of only smears with possible or definite cytological high-
grade features, the sensitivity has been lower. When samples representing only the
Bethesda categories AIS and EAC were examined, histological proof of endocervical
malignancy was found in 26% to 82% of the cases (Geldenhuys et al., 2007; Lee et
al,, 1995; Nasu et al., 1999; Westin et al., 2008; Zardo et al., 2009). However, among
these cases, other clinically significant lesions were detected in neatly all (Geldenhuys
etal., 2007; Lee et al., 1995; Nasu et al., 1999; Westin et al., 2008; Zardo et al., 2009).

Squamous lesions are the most common neoplastic lesions after cytological
glandular cell atypia, accounting for up to 77% of the premalignant or malignant
cases detected (Burja et al., 1999; Pradhan et al., 2016; Rabelo-Santos et al., 2008;
Westin et al., 2008). When only the TBSRCC categories of AIS and EAC have been
examined, the relative portion of squamous lesions generally decreases, but they have
still been reported to account for 6.3% to 53% of the neoplastic lesions (Geldenhuys
et al., 2007; Lee et al., 1995; Nasu et al., 1999; Zardo et al., 2009; Zhao et al., 2009).

When all categories of cytological glandular cell atypia were examined as one
group, 41.8% to 79% of the cases showed no histological premalignant or malignant
changes (Chen et al., 2008; Kim et al., 1999; Kim et al., 2017; Lai et al., 2009; Lee et
al., 1995; Nasu et al., 1993; Pradhan et al., 2016; Rabelo-Santos et al., 2008; Westin
et al., 2008). Out of the benign conditions detected, inflammatory changes with or
without squamous metaplasia, tubal metaplasia, microglandular hyperplasia and

endocervical or endometrial polyps are the most frequently encountered entities in
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tfollow-up histologies (Chen et al., 2008; Nasu et al., 1993; Selvaggi et al., 2016; Zhao
et al., 2009).

Of the individual cytomorphological features, feathering is the strongest
predictor of endocervical glandular neoplasia in terms of separating them from the
squamous lesions and from the benign and reactive conditions of the endocervix
(Burja et al., 1999; Rabelo-Santos et al., 2008). Loss of polarity, papillary groups and
palisading borders have also been detected more frequently in malignant
endocervical lesions than among the benign endocervical changes (Burja et al., 1999;
Rabelo-Santos et al., 2008). Likewise, general neoplasia-associated features, including
enlarged nuclei, increased nuclei to cytoplasmic ratio and coarsely granular
chromatin, have been more common in endocervical neoplastic lesions than among
the benign conditions of the endocervix (Burja et al., 1999; Rabelo-Santos et al,,
2008).

In addition to feathering, papillary groups, pseudostratified strips, enlarged nuclei
and coarsely granular chromatin have been among the cytomorphological features
performing the best in differentiating the neoplastic endocervical lesions from the
neoplastic squamous lesions (Burja et al., 1999; Rabelo-Santos et al., 2008).

2.4.3 Reproducibility

As discussed above, although the diagnostic criteria for cytological endocervical cell
changes are defined by TBSRCC, in practice, classifying glandular lesions according
to their severity and separating them from squamous lesions and from the benign
and reactive conditions of the cervix has proven to be challenging. In previous
studies, the interobserver reproducibility of the TBSRCC endocervical cell categories
has mostly been poor, with kappa value (K) variation from 0.002 to 0.36, with the
best agreement generally achieved in the more severe categories (Confortini et al.,
2000; Lee et al., 2002; Simsir et al., 2003). In differentiating glandular atypias from
squamous atypias, the K range, with values from 0.015 to 0.61, has been reported
(Lepe et al., 2018; Niu et al., 2019; Moreira et al., 2008). At the level of benign vs any
atypia and low-grade atypia vs high-grade atypia, a slightly better consensus has been
reached with respective K values ranging from 0.37 to 0.46 and from 0.21 to 0.74
(Confortini et al., 20006; Joste et al., 1999; Lee et al., 2002; Niu et al., 2019; Simsir et
al., 2003). No significant differences in reproducibility in recognising glandular and
neoplastic features between conventional Pap smears and liquid-based cytology
(LBC) samples have been documented (Lee et al., 2002; Moreira et al., 2008).
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2.4.4 Cervical cancer screening

Currently, in Finland, women aged 30—60 years are invited to participate in
cervical cancer screening every fifth year. In some municipalities, 25- and 65-year-
olds are also included in the programme. The primary screening method has
traditionally been the conventional Pap smear, but in recent years, primary hrHPV
screening has been implemented in some regions for women aged 30 years and over
(Anttila et al., 2010; Kares et al., 2019; Kotaniemi-Talonen et al., 2005; Veijalainen
et al., 2016; Veijalainen et al., 2019; Veijalainen et al., 2021).

Briefly, according to the national guidelines, if HPV primary screening is applied,
all HPV-positive women with NILM or ASC-US and HPV-negative women with
ASC-US are referred to a screening control after 12 months. The control included
both HPV tests and cytological samples. If the repeated hrHPV test is positive
and/or if there is any cytological atypia, the woman is referred for colposcopy. If the
hrHPV test is negative and there is no cellular atypia, the patient receives an
invitation to the next screening round five years after the original invitation.

In cytology-based screening, women with a cytological diagnosis of ASC-US and
those under age 30 with a cytological diagnosis of LSIL are referred to a screening
control with a cytological sample after 12 months. If there is any cytological atypia
detected in the screening control, the woman is referred to colposcopy. If there is
no cellular atypia, the woman receives an invitation to the next screening round five
years from the original invitation.

Both in HPV primary screening and in cytology-based screening, all the diagnoses
in the TBSRCC endocervical cell category always lead straight to colposcopy, despite
the HPV status of the patient. Similarly, LSIL in women over 30 and squamous
atypias ASC-H or worse are always referred to colposcopy.

After the colposcopic examination, which usually includes tissue samples,
patients are treated according to national guidelines. Despite the colposcopic
findings or procedures they lead to, all patients receive an invitation for the next
screening round (Kiypihoito, 2021).

Many developed high-income countries have adopted similar cytology-based and
nowadays even HPV-based screening programmes, although there are differences in
screening practices, targeted age groups, screening intervals and follow-up
algorithms among countries (Chrysostomou et al., 2018; Elfstrom et al., 2015; Eun
et al., 2020; Farnsworth, 2016; Maver et al., 2020). Most European Union countries
are implementing, planning or piloting cervical cancer screening, but fully established
population-based programmes have been reported to exist only in a minority of
countries (Chrysostomou et al., 2018). Both the invitational coverage and the
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participation rates of screening vary between the European countries with the
highest coverage achieved in the Nordic countries, the U.K., Netherlands and Italy
(Elfstrém et al., 2015; Salciccioli et al., 2021).

In middle-income countries, the utilisation of screening programmes has
generally been suboptimal; in many low-income countries, cervical cancer screening
is practically non-existent. This is due to multiple issues, including the lack of public
health policies and health care resources and the lack of infrastructure, which are all
needed for the implementation of screening and treatment strategies. Even if the
necessary health care facilities exist, low public awareness of cervical cancer and
other cultural issues are inhibiting females from participating in screening in many
low-income countries (Vu et al., 2018).

In earlier studies, hrHPV testing has been more efficient in detecting women with
cancer or precancerous lesions than cytology alone (Katki et al., 2011; Naucler et al.,
2007; Ogilvie et al., 2018; Ronco et al., 2010; Schiffman et al., 2018; Wright et al.,
2015). Particularly with endocervical glandular lesions, the HPV test performed
better. According to previous publications, up to 79.0% of EAC and up to 82.2% of
AIS were detected by positive hrHPV test in comparison to respective detection
rates of 15% to 45.4% and 40% to 53.2% for EAC and AIS seen with cytology (Katki
et al., 2011; Schiffman et al., 2018). Additionally, a negative hrHPV test has been
shown to predict a benign end result better than a negative cytological sample (Katki
etal., 2011; Ogilvie et al., 2018). However, 22% of EAC and about 15% of AIS have
been reported to remain negative with both detection methods (Katki et al., 2011;
Schiffman et al., 2018).

Many of the earlier publications on the Finnish population similarly report
increased detection rates of cancer and precancerous lesions in HPV primary
screening triaged with cytology compared with cytology-based screening only
(Anttila et al., 2010; Leinonen et al., 2012; Malila et al., 2013). Among women aged
35 years and older, HPV primary screening with cytology triage has also been
reported to be more specific in detecting cancer and precursor lesions than cytology
(Leinonen et al., 2009).

According to a recent study, nearly one-tenth of HSIL and AIS can remain
simultaneously negative with two different commercial hrtHPV tests, although HPV
DNA is detectable with PCR in lesional tissue (Reich et al., 2020). However, testing
hrHPV-positive has been shown to substantially increase the risk of developing EAC
(Castellagué et al., 2006). Even up to 14 years before the malignant diagnosis, HPV16
and HPV18 infections detected in cytologically normal specimens have been

reported to be associated with significantly increased risks of later developing AIS
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and EAC (Dahlstrém et al., 2010). In addition, among women diagnosed with AGC
in screening, the incidence of EAC was markedly higher than among cytologically
normal controls until up to 15.5 years (Wang et al., 2016). If there is only mild
cytological glandular atypia, the presence of hrHPV infection significantly increases
the likelihood of neoplasia (Zeferino et al., 2011). Nevertheless, among younger
women, screening with HPV has also been shown to lead to the overdiagnosis of
regressive CIN2 lesions (Murphy et al., 2012; Ronco et al., 2010; Wright et al., 2015).
Similar data on glandular atypia were not issued.
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3 AIMS OF THE STUDY

The aim of the thesis was to find tools to improve the cytological diagnostics of
endocervical glandular lesions to improve the eatly detection of patients harbouring
a malignant lesion and requiring immediate intervention and differentiating them
from those whose glandular cell atypia is a result of a non-neoplastic process. The
specific aims were as follows:

1. To define the first cytomorphological features or combinations of features
predicting histological EAC or AIS and to document their development over
time (I).

2. To evaluate inter- and intraobserver variability in cervical cytology with a
focus on the cytomorphological features of the diagnostic Pap smears of
EAC and AIS cases with the best and worst interobserver consensus (II).

3. To assess the outcomes of two consecutive HPV primary cervical cancer
screening rounds among patients presenting with cytological endocervical
glandular cell atypia in the first screening round (I1I).

4. To define the most common benign histological lesions behind mild

cytological endocervical glandular cell atypia and to find specific
cytomorphological features to predict them (IV).
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4 STUDY POPULATION, MATERIALS AND
METHODS

4.1 Study population and study design

411 Studyl

All available Pap smear samples from 60 patients treated for EAC or AIS at Tampere
University Hospital between 2008 and 2014 were blindly analysed in search of 38
cytomorphological features, categorised into background, architectural, cellular and
nuclear features (Table 2). The time from cytological sampling to histological
confirmation of the EAC or AIS diagnosis was calculated for each smear. HPV status
of the patient when available and Pap smear type (screening vs. clinical) were

collected.
Table 2. Cytomorphological features analysed in Pap smears.
Background features | Architectural features Cellular features Nuclear features
Clean Scant cellularity Columnar cell shape Enlarged nuclei
Bloody High cellularity Cuboidal cell shape Nuclear hyperchromasia
Inflammatory Single atypical cells Iregular cell borders Nuclear membrane irregularity
Inflammatory debris Loss of honeycomb pattemn Increased nuclericytoplasmic ratio  Nuclear crowding
Necrotic Loss of polarity Degeneration Oval nuclei
Apoptotic debris Pseudostratified strips Regeneration Elongated nuclei
Palisading borders Atrophy Nuclear pleomorphism
Rosettes Nucleoli
Feathering Macronucleoli
Papillary groups Finely granular chromatin
Coarsely granular chromatin
Chromatin clearing
Nuclear vacuole
Mitotic figures
Apoptotic bodies

The Pap smear samples of 30 patients with histologically proven HSIL were used
as a control group and investigated for the same 38 cytomorphological features. The
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average age of the patients in the EAC/AIS group was 43.0 (SD £ 14.6, range 22—
83) and 36.7 (SD * 10.0, range 21-54) in the control HSIL group.

The EAC/AIS cases with combined squamous lesions were excluded from the
statistical analyses. Altogether, the cytomorphological features of 256 Pap smears
were analysed in an attempt to define cytomorphological features or combinations
of features that would predict histological AIS and EAC. The aim was to define the

earliest cytological changes and their development over time.

412 Study |l

Out of the Pap smear samples analysed in Study I, a subgroup of 167 Pap smears
was randomly selected. These Pap smears represented samples from 27 patients with
EAC, 23 patients with AIS and 28 patients with HSIL. The selected Pap smears
included samples in all TBSRCC 2014 categories (Nayar & Wilbur, 2015) from
NILM to HSIL, AIS and endometrial adenocarcinoma according to the diagnoses
given in routine practice. The average age of the patients in the EAC/AIS group was
43.1 (SD £ 14.4, range 22-83) and 36.3 (SD * 10.1, range 21-54) in the HSIL group.

Four cytopathologists with at least 20 years of experience in gynaecological
cytopathology blindly diagnosed the 167 Pap smears according to the TBSRCC 2014
(Nayar & Wilbur, 2015) to assess interobserver agreement. A couple of months later,
a subgroup of 20 Pap smears was re-evaluated by the same cytopathologists for
intraobserver agreement. These 20 samples comprised 12 Pap smears with diagnostic
agreement of =3 observers on the first round and 8 Pap smears with diagnostic
disagreement of all observers on the first round. The smears represented 8 cases of
EAC or AIS, 6 cases of EAC or AIS in combination with HSIL and 6 cases of HSIL.

Inter- and intraobserver variability was evaluated in four categories: 1) squamous
vs glandular, 2) NILM, 3) atypical and 4) preneoplastic/neoplastic. The atypical
category included TBSRCC diagnostic categories ASC-US, AEC-NOS and AGC-
NOS, which all resulted in a control Pap smear during the time of the study design.
The preneoplastic/neoplastic category included TBSRCC diagnostic categories
LSIL, HSIL, ASC-H, AEC-FN, AIS and EAC. The original, in the routine practice
given cytological diagnoses, were included in the interobserver part of the study and
named Observer 0 in the analyses.

In addition, the diagnostic Pap smears of the EAC/AIS group with diagnostic
agreement of =3 observers (n = 8) and diagnostic disagreement of =3 observers

(n = 14) were cytomorphologically analysed for typical features.
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4.1.3  Study Il

In the Pirkanmaa region during the years 2012—-2015, a total of 93,439 women aged
35 to 60 were invited to HPV primary screening for cervical cancer. Of these, 66,147
(70.8%) participated. The HPV primary screening sample included both the hrHPV
test and the conventional Pap smear. All the Pap smears of the hrHPV-positive
women were analysed microscopically. During the 2012-2016 period, 10% of HPV-
negative cases were assessed cytologically as part of the laboratory quality assurance
programme.

Of the screening participants, 87 (0.13%) presented with AEC-NOS or AEC-FN
with or without squamous atypia in their Pap smears. The cohort of this study
consisted of 87 women and included their findings in two consecutive cervical cancer
screening rounds.

The HPV status of each patient, their Pap smear diagnoses and the findings on
the consequent histological samples at each screening round or follow-up visit were
retrieved from the LIS of Fimlab ILaboratories. An additional LIS search
encompassing the study period from 2012-2020 was performed to find the EAC
and AIS cases possibly missed by the HPV primary screening. In the analyses, the
patients were divided into four groups based on their Pap smear diagnoses during
the first screening round. The first group included cases with AEC-NOS only, the
second group included cases with AEC-NOS and a simultaneous squamous atypia,
the third group included cases with AEC-FN only and the fourth group included
cases with AEC-FN and a simultaneous squamous atypia.

414 Study IV

The study was based on 45 Pap smear samples taken in 2013-2019 and diagnosed
with AEC-NOS without simultaneous cytological squamous atypia. Altogether, 30
of the Pap smears represented histologically proven benign changes with a negative
follow-up history until the end of 2021, and 15 of the Pap smears represented biopsy-
proven EAC or AIS. Of the benign cases, 29 had a follow-up time of five or more
years, and one case had a follow-up of four years. Only cases with hrHPV test results
were included in the study cohort.

All Pap smears were blindly analysed in search of 38 cytomorphological features
consisting of background, architectural, cellular and nuclear features (Table 2). The
biopsies originally diagnosed as benign were re-evaluated and assessed for any

inflammatory, reactive, metaplastic, hyperplastic or neoplastic histological changes
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that could explain the endocervical cell atypia seen in the Pap smears. The association
of cytomorphological features with specific histological entities was statistically
evaluated.

4.2 Methods

4.2.1 Cytological samples

In Studies I-IV, the cytological samples were conventional Pap smears collected in
clinical settings or as part of a cervical cancer screening programme. In Studies I and
II, some of the older samples were classified according to the Papanicolaou
Classification System. Diagnoses of these samples were converted to corresponding
diagnoses according to the TBSRCC 2014 (Nayar & Wilbur, 2015), which was the
classification system applied in all four studies.

4.2.2 Histological samples

The histological samples evaluated in Study IV were pre-existing biopsies from
routine clinical practice or from follow-up visits to the cervical cancer screening
programme. The biopsies were stained with hematoxylin and eosin stains. P16
immunostaining or p16/Ki-67 dual stain was available in seven of the 30 (23.3%)
cases in the histologically benign group and in 12 of the 15 (80%) cases in the
EAC/AIS group.

423 HPV test

The HPV samples in Studies I, III and IV were collected simultaneously with Pap
smears in clinical settings or as a part of a cervical cancer screening programme. For
the hrHPV DNA detection, the Abbot RealTime hrHPV PCR assay (RealTime,
Abbot, Wiesbaden, Germany) was used. The test recognises 14 different hrHPV
genotypes. Genotypes 16 and 18 were reported separately, and genotypes 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66 and 68 were grouped together and reported as hrtHPV
other than 16 or 18
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424 Statistical analyses

In Studies I and 11, statistical analysis was performed with the SPSS program, version
25 (IBM SPSS Statistics for Windows, Version 25.0, IBM Corp., Armonk, NY, USA)
and in Study IV with SPSS version 28 (IBM SPSS Statistics for Windows, Version
28.0, IBM Corp., Armonk, NY). In Studies I and IV, univariate associations were
examined using chi-square or Fisher’s exact tests and any P-value < 0.05 was
considered significant. To investigate the combination of cytomorphological
features predicting EAC and AIS in Study I and benign histotypes in Study 1V, a
forward stepwise multivariable logistic regression analysis was performed using
probability values of < 0.05 for the entry of features. In Study 11, Kappa (x) values
were calculated and the strength of association was defined as proposed by Landis
and Koch: 1 for perfect agreement, 0.81-0.99 for almost perfect agreement, 0.61—
0.80 for substantial agreement, 0.41-0.60 for moderate agreement, 0.21-0.40 for fair
agreement, 0—0.20 for slight agreement and < 0 for poor agreement (Landis & Koch,
1997). All statistical analyses were performed by a professional statistician.

4.3 Ethical considerations

Since Studies I-IV were based on pre-existing samples produced by routine clinical
practice or by the national cervical cancer screening programme, the studies were
conducted without the informed consent of each individual. The studies were
approved by the Regional Ethics Committee of the Expert Responsibility Area of
Tampere University Hospital (R13094, R16022). The Declaration of Helsinki was
followed in the design and performance of the studies.
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5 SUMMARY OF THE RESULTS

5.1 Study |

Clinical samples represented 72.6% (146/201) of the Pap smears in the EAC/AIS
group while 27.4% (55/201) of the smears were cervical cancer screening samples.
Of the screening sample cases, 10.9% (6/55) were htHPV-positive, representing
genotypes HPV16 in two cases, HPV18 in two cases and htHPV other than HPV16
or HPV18 in two cases. There were no hrHPV-negative cases among patients with
EAC or AIS.

The clinical causes leading to clinical Pap smear sampling are summarised in
Figure 8. Notably, only 11.0% (16/146) of the clinical Pap smears were taken
because of patient-reported symptoms, and 70.0% of the patients in the EAC/AIS
group did not report any symptoms during their cervical cytological sampling history.
Infection-related issues were the most frequent symptoms reported by the patients
(62.5%, 10/16), followed by abnormal uterine bleeding (37.5%, 6/16). Abnormal
uterine bleeding was the symptom that best predicted EAC and AIS, since it led
straight to a cancer diagnosis in 83.0% of the cases when reported.

Previous abnormal Birth-control related _
screening result 6% Macroscopic tumor
13% 3%

Gynecological
check-up related
4%

No clinical data
provided in referral
36 %

Previous abnormal
clinical Pap test
20 %

Figure 11. Indications of clinical Pap testing.
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In the statistical analysis of the cytomorphological features, none of the single
features showed an association with EAC or AIS. Nevertheless, 70% of the
neoplastic Pap smears in this group were correctly diagnosed as glandular. In further
investigation of cytomorphological features, a combination of palisading cell
borders, nuclear pleomorphism and the lack of single atypical cells emerged and
showed an association with EAC and AIS, with corresponding odd ratios (OR) of
5.89 (95% confidence interval (CI) 1.96-17.70), 3.71 (95% CI 1.14-12.02) and 10.76
(95% CI 1.20-59.50) and P-values of 0.002, 0.034 and 0.005, respectively. The same
trend could be seen in Pap smears even up to five years before the histological
diagnosis, with respective ORs of 4.98 (95% CI 1.78-13.88), 3.24 (95% CI 1.09—
9.62) and 10.70 (95% CI 2.01-56.89) for palisading cell borders, nuclear
pleomorphism and the lack of single atypical cells and corresponding P-values of
0.02, 0.34 and 0.05.

In summary, in Pap smears, the combination of cytomorphological features,
including palisading cell borders, nuclear pleomorphism and the lack of single
atypical cells, was the strongest predictor of histological EAC and AIS.

Figure 12. Combination of palisading cell borders (A), nuclear pleomorphism (B) and lack of single
atypical cells in Pap smears predicts EAC and AlS. Papanicolaou stain, magnification 40x
(A) and 40x (B).
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5.2 Study I

Agreement among three observers was reached in 46.5% (82/167) of the
evaluated Pap smears of which neatly half (39/82, 47.5%) represented samples
categorised as NILM originally. Combinations of squamous and glandular diagnoses
represented almost 10% of all diagnoses given by the cytopathologists. When only
one of the diagnoses was taken into account in these cases, a consensus of three
observers was reached in 62.3% (104/167) of the cases. Among the diagnostic Pap
smears representing histological EAC or AIS without combined squamous lesions,
a consensus diagnosis of = 3 obsetvers was reached in 87.5% (35/40) of the cases.
All the diagnoses given by the observers were AEC-FN, HSIL or worse. In addition,
92.5% (37/40) of the diagnoses were glandular.

In the interobserver part of the study, a huge variation in agreement between the
different observer pairs was seen, with x-value variation from poor to substantial
(Table 3). The highest overall x-value, 0.412, was reached in recognising
prencoplastic/neoplastic cytological features. In the category of squamous vs
glandular, substantial agreement was reached in five out of six interobserver analyses
among observer pairs 0, 2, 3 and 4. However, Observer 1 showed only poor to slight
agreement with the other observers, which led to an overall x-value of 0.314.

In addition, the categories NILM and atypical proved to be problematic. The
overall x-value was 0.272 in the NILM category and only 0.082 in the atypical
category.

In the intraobserver part of the study, a stronger consensus was reached in all
categories. The only substantial overall x-value in the study (x = 0.616) was reached
in this part of the study, in the squamous vs glandular category. In the
prencoplastic/neoplastic category, the overall x-value was 0.491 and in the NILM
and atypical categories, it was 0.345 and 0.241, respectively.
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Table 3. The interobserver kappa values in the categories of recognising negative, atypical,
preneoplastic/neoplastic and squamous versus glandular features in Pap smears.
Modified from Pulkkinen et al., 2022.

Kappa values between observer pairs in recognizing NILM samples

Observer 1 Observer 2 Observer 3 Observer 4 Overallx
Observer 0 0.018 0.633 0.387 0444
Observer 1 0.036 0.035 0.047
Observer 2 0474 0.469
Observer 3 0159

0272

Kappa values between observer pairs in recognizing atypia*

Observer 1 Observer 2 Observer 3 Observer 4 Overall
Observer 0 0.050 0.203 -0.088 0.169
Observer 1 0072 0.200 0.080
Observer 2 0.092 0.259
Observer 3 0.037
0.082

Kappa values between observer pairs in recognizing prenoplasia/neoplasia™

Observer 1 Observer 2 Observer 3 Observer 4 Overall
Observer 0 0.229 0.456 0.400 0.379
Observer 1 0.376 0.356 0.351
Observer 2 0.483 0.536
Observer 3 0.496
0412

Kappa values between observer pairs in differentiating atypical or preneoplastic/neoplastic squamous and glandular

features

Observer 1 Observer 2 Observer 3 Observer 4 Overallx
Observer 0 0.073 0.503 0.620 0.613
Observer 1 -0.062 -0.027 0.052
Observer 2 0.689 0.631
Observer 3 0.664
0.314

* Includes diagnoses ASC-US, AEC-NOS and AGC-NOS
** Includes diagnoses LSIL, HSIL, ASC-H, AEC-FN, AIS and EAC
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In the descriptive analysis of the cytomorphological features of the diagnostic
EAC/AIS Pap smears with agreement of = 3 observers, nuclear enlargement was
seen in all (8/8) samples. Nuclear enlargement > 2 x normal size was encountered
in 87.5% (7/8) of the smears, nuclear pleomorphism in 75% (6/8) of the smears and
crowded fragments with scant cellular cytoplasm and nuclear stratification in 62.5%
(5/8) of the smears. In addition, at least one of the architectural features previously
described as being associated with EAC or AIS (rosettes, feathering, palisading cell

borders or papillary groups; Butja et al., 1999; Rabelo-Santos et al., 2008) was present
in all (8/8) samples.
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Figure 13. In diagnostic EAC and AIS Pap smears, nuclear enlargement, nuclear pleomorphism and
crowded fragments with scant cellular cytoplasm and nuclear stratification were the most
common features in smears, with good interobserver agreement of the neoplastic nature
and of the endocervical cell origin of the cellular changes (A). Lack of nuclear enlargement
and degenerative changes were the most common features explaining the diagnostic
discrepancy (B). Papanicolaou stain, magnification 40x (A) and 40x (B).

Among the diagnostic EAC/AIS Pap smears with diagnostic disagreement
among = 3 observers, the lack of nuclear enlargement > 2x normal size, which was
encountered in 92.8% (13/14) of the smears, was the most common feature
explaining the diagnostic discrepancy. Among these smears, degenerative changes
occurred more frequently (62.5% vs 25%).

In summary, the reproducibility of the preneoplastic/neoplastic cytological
diagnoses was better than the reproducibility of the diagnoses in the atypical and
NILM categories in both the inter- and intraobserver parts of the study. The
intraobserver reproducibility was higher in all evaluated categories compared to the

respective interobserver values. Nuclear enlargement, nuclear pleomorphism and
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crowded fragments with scant cellular cytoplasm and nuclear stratification were the
most common cytomorphological features encountered in Pap smears with good
interobserver agreement of the neoplastic nature and of the endocervical cell origin
of the cellular changes. Lack of nuclear enlargement and degeneration were the most

common features causing interobserver disagreement.
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Figure 14. The most common cytomorphological features observed in diagnostic Pap smears of
histologically verified EAC and AIS cases with diagnostic agreement of = 3 observers and
diagnostic disagreement of = 3 observers. Reprinted from Pulkkinen et al., 2022.

5.3 Study Il

In the first screening round, 60.7% (37/61) of the AEC-NOS-only cases wete
hrHPV-positive and resulted in one AIS and six HSIL in the histological follow-ups.
At the second screening round, 5 years and 9 months after the initial diagnosis of
glandular atypia, one of the HSIL cases was diagnosed with an additional AIS. There
were no histological high-grade lesions among the hrHPV-negative cases.

Among the cases with AEC-NOS and squamous atypia, only one hrHPV-
negative case was diagnosed as AEC-NOS + ASC-US. No neoplastic lesions were
found in the follow-ups of the case. The remaining 94.1% (16/17) of the cases
presented with hrHPV positivity. In the follow-ups of hrHPV-positive AEC-NOS
+ ASC-US cases (n = 5), two histological HSILs were diagnosed, and in the follow-
ups of AEC-NOS + HSIL/ASC-H cases (n = 9), four histological HSIL and two
combinations of histological EAC and LSIL were found. Among the cases with
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AEC-NOS + LSIL (n = 2), no histological high-grade lesions were encountered.
During the second screening round, no additional high-grade histological lesions
were diagnosed.

HrHPV was positive in all cases of AEC-FN only (n = 7) and AEC-FN + LSIL
(n = 2). There were no cases diagnosed with AEC-FN + ASC-US or AEC-FN +
HSIL/ASC-H. In the AEC-FN-only group, two HSIL and one EAC were
histologically diagnosed during the first screening round and an additional AIS was
found during the second screening round. The diagnosis of the AIS case was reached
6 years and 11 months after the initial cytological diagnosis of AEC-FN. Among the
AEC-FN + LSIL cases, no high-grade histological lesions were found during the

two screening rounds.

Table 4. The high-grade histological lesions detected on two consecutive screening rounds in
2012-2015 and 2017-2020, including the initial cytological diagnoses of the lesions
and the hrHPV genotypes. Modified from Pulkkinen et al., 2021.

HSIL other
HSIL other
HSIL other
HSIL other
HSIL AEC-NOS 16
HSIL AEC-NOS + ASC-US other
HSIL AEC-NOS + ASC, US 16, other
HSIL AECNOS + ASC-H 16
HSIL AEC-NOS + ASC-H 16, 18
HSIL AEC-NOS +HSIL 16, other
HSIL AEC-NOS + HSIL 16
HSIL AEC-FN 16
HSIL AEC-FN other
HSIL, later AIS AEC-NOS 16, 18, other
AlS AEC-NOS 16
AS AEC-FN 18
EAC + LSIL AEC-NOS +HSIL 16
EAC+ LSIL AEC-NOS + HSIL 18
EAC AEC-FN 16

* In the screening, hrHPV genotypes 16 and 18 were reported separately and the remaining 14 genotypes
recognised by The Abbot RealTime hrHPV PCR assay were reported as ‘other hrHPV than HPV16 or HPV18'.
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In summary, the high-grade lesions detected in histology during the two
consecutive screening rounds were three EAC, two AIS, one AIS + HSIL and 13
HSIL, concluding that 68.4 % (13/19) of the lesions wete purely of squamous origin.
In 53.8% (7/13) of the histological HSIL-only cases, the primary cytological
diagnosis in screening was glandular only, without a squamous component. Of the
EAC and AIS cases, 33.3% (2/6) were HPV18 positive and 66.7% (4/6) HPV 16
positive. Of the histological HSIL cases, 42.9% were positive with an hrHPV
genotype other than HPV16 or HPV18. Statistically, HPV genotypes (16, 18 or
other) or combinations of them showed no prediction specifically for endocervical
malignancies or squamous lesions, which might have been due to the small number
of positive cases in the series. There were no histological high-grade lesions among
the hrHPV-negative cases. No endometrial malignancies were found in the study
cohort.

The database search revealed one hrHPV-negative gastric-type mucinous EAC
missed by the HPV primary screening.

The study revealed a relatively high drop-out rate from the screening protocol,
since during the first screening round, 17.5% (11/63) of the htHPV-positive patients
and 29.2% (7/24) of the hrHPV-negative patients did not attend their follow-ups.
Of the originally htHPV-positive women, 38.1% (24/63) did not attend the next
screening round ot follow-up. In all, 25.4% (16/63) of the originally htHPV-positive
patients dropped out of the screening protocol, with a persistent hrHPV infection
at their last visit.

54 Study IV

In the study group comprising AEC-NOS Pap smears with only histologically
proven benign changes and a negative follow-up history, 66.7% (20/30) of the
patients were hrHPV-negative at the study baseline. The hrHPV-positive cases
represented infections with HPV16 (n = 1), HPV18 (n = 2), and hrHPV other than
16 or 18 (n = 7). All hrHPV-positive cases at baseline turned negative during the
study period. The AEC-NOS patients in the EAC/AIS group were all hrHPV-
positive, with genotypes HPV16 and 18 accounting for 73.3% (11/15) of the cases.

The most common histological findings among the benign group were squamous
metaplasia (22/30, 73.3%), significant mixed inflammation (16/30, 53.3%), tubal
metaplasia (10/30, 33.3%) and microglandular hyperplasia (6/30, 20.0%). Significant
mixed inflammation and squamous metaplastic changes were often encountered in

the same specimen and were sometimes associated with mucosal surface ulceration.
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Reserve cell hyperplasia, eosinophilic change, granulation tissue and follicular
inflammation were seen in only a few cases. There were no polyps, premalignant or

malignant lesions in any of the histological follow-up samples.
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Figure 15. The histological lesions among benign-proven AEC-NOS cases. Squamous metaplasia
and significant mixed inflammation were often encountered in the same histological
specimen.

In the statistical analysis of cytomorphological features, inflammatory
background in Pap smears was associated with significant mixed inflammation in
histology (48.4% vs. 14.3%, P = 0.029). Nuclear crowding and nuclear elongation
were more frequent in Pap smears of patients who had no significant inflammation
in their follow-up biopsies (75.9% vs 37.5%, P = 0.01 and 42.9% vs 9.7%, P = 0.017).
Nuclear elongation was also associated with microglandular hyperplasia (66.7% vs
12.8%, P = 0.010). A finely granular chromatin pattern was more commonly seen in
immature squamous metaplasia than in other histological findings (20.0% vs 0%,
P = 0.032). In contrast, degeneration was more frequently recognised in Pap smears
without squamous metaplasia or immature squamous metaplasia in the follow-up
histology (52.2% vs 19.0%, P = 0.015 and 50.0% vs 13.3%, P = 0.017). Overall,
scant cellularity in Pap smears was associated with histological findings of
granulation tissue formation (50.0% vs 0%, P = 0.044). In addition, granulation
tissue in histology was associated with palisading cell borders seen in cytology (100%
vs 16.3%, P = 0.0306).
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In summary, none of the manifested cytomorphological features were specific
enough to be diagnostic or strong enough to confidently leave the cytological atypia
without histological confirmation. Further statistical analysis of the features did not
show any combinations of features suggestive of a specific benign entity. In
separating the benign AEC-NOS Pap smears from those representing EAC or AIS,
degeneration and nuclear crowding were the best cytomorphological features (26.7%

vs 60.0%, P = 0.030 and 50.0% vs 86.7%, P = 0.017) to distinguish them.

Figure 16. Nuclear crowding (A) and degenerative changes (B) were more common among AEC-
NOS Pap smears representing histological EAC or AIS than among the benign-verified
cases. Papanicolaou stain, magnification 40x (A) and 60x (B).
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6 DISCUSSION

6.1 Study |

In our study, there was a simultaneous squamous lesion in histology in 25.5% of the
EAC/AIS cases, which is not surprising since most cervical glandular and squamous
cell neoplasias share the same hrHPV-related etiology (Pirog et al., 2014; de Sanjose
et al., 2010; Walboomers et al., 1999). None of the 38 cytomorphological features
investigated in our study showed an association specifically with EAC or AIS when
evaluated alone. Even so, pathologists were often able to differentiate the neoplastic
squamous lesions from the neoplastic glandular ones in Pap smears. In the diagnostic
Pap smears of the histologically confirmed HSIL-only cases, the cytological
diagnoses given were of squamous origin in all cases. Among the histologically
proven EAC- or AlS-only cases, the given neoplastic cytological diagnoses were
glandular in 70% of the cases.

In the further analysis of the cytomorphological features, a combination of
palisading cell borders, nuclear pleomorphism and the lack of single atypical cells
showed an association with EAC and AIS that could be seen in Pap smears up to
five years before the histological diagnosis.

Similar findings regarding the combination of several cytological features
associated with endocervical malignancies instead of isolated features alone have also
been published previously (Conrad et al., 2018; Mariani et al., 2014). In agreement
with our findings, nuclear pleomorphism was among the combination of these
features in a study by Mariani et al. (2014). In addition, nuclear enlargement,
increased nuclear-to-cytoplasmic ratio and cells occurring in sheets and strips with
cell crowding and nuclear overlap were described (Mariani et al., 2014). In the study
by Conrad et al. (2018), a combination of abundant tumour cellularity, nuclear size
from 3 to 6 times the normal, abundant 3-dimensional tumour cell groups, round
cell shape and cytoplasmic neutrophils were reported to predict a correct diagnosis
of EAC.

In earlier descriptive analyses of the features associated with EAC or AIS, both
nuclear pleomorphism and the rarity of single atypical cells were mentioned (Nasu
et al., 1993; Lee et al., 1997). Palisading cell borders have also been found to be
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among the features that predict glandular neoplasia (Burja et al., 1999; Nasu et al.,
1993).

In summary, the cytological features reported to predict EAC and AIS in the
earlier literature are plentiful and, in some areas, even controversial. The most
frequently recurring findings seem to be the general neoplasia-associated features,
including marked nuclear enlargement or nuclear pleomorphism, changes in the
nuclear-to-cytoplasmic ratio, cell crowding and nuclear piling or stratification, which
are most often encountered in association with at least one of the architectural
features, including rosettes, feathering, palisading cell borders or papillary groups
(Burtja et al,, 1999; Conrad et al.,, 2018; Lee et al., 1995; Lee et al., 1997; Mariani et
al., 2014; Nasu, et al., 1993; Raab et al., 1995; Rabelo-Santos et al., 2008; Torres et
al., 2005). In separating the glandular lesions from the squamous lesions, papillary
groups, feathering and palisading borders have been among the best features, as have
decreased cytoplasm and irregular nuclear membranes (Burja et al., 1999; Rabelo-
Santos et al., 2008; Torres et al., 2005).

During the collection of the study samples, Pap smears of patients diagnosed with
AEC-NOS were followed by only a control Pap smear instead of the current policy
of colposcopy, which practically always includes histological sampling (Kiypahoito,
2021). In our study, AEC-NOS was reported in 17 EAC/AIS-only cases with a wide
time range of 0—121 months before the histological confirmation of the neoplastic
diagnosis. When considering the evolution of the cytomorphological features, if
there are no follow-up biopsies, it can only be speculated that the prediagnostic Pap
smears already harboured a significant clinical lesion.

Because of the location of the endocervical cell malignancies, reaching the correct
diagnosis can be challenging, even if a colposcopy is performed. According to
previous findings, at worst, the sensitivity of a colposcopy in detecting endocervical
lesions has been as low as 9.8%, and the probability of a significant lesion after a
normal colposcopy finding is as high as 87.5% (Costa et al., 2007; Ullal et al., 2009).

Reflex hrHPV testing in AEC-NOS cases has been shown to be useful in
selecting the right patients for colposcopy and histological sampling (Chen et al.,
2008). Most importantly, hrHPV negativity has been reported to have a high negative
predictive value in AEC-NOS cases as well as in the follow-up of conservatively
treated AIS cases (Chen et al., 2008; Costa et al., 2007). On the other hand, among
older women, a large proportion of malignancies behind cytological glandular atypias
are of endometrial origin, and in their diagnostics, hrHPV testing is not helpful (Kim
et al., 2017; Pradhan et al., 2016; Zhao et al., 2009).
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Finland has a national cervical cancer screening programme available for women
aged 30 to 60. Additionally, in some municipalities, women aged 25 and/or 65 years
are tested. Participation in even a single screening at the age of 30 or later has been
shown to be associated with a reduced cervical cancer risk, with the highest
protective effects in the older age groups (Lénnberg et al., 2012). In addition to the
cervical cancer screening programme, opportunistic screening is performed;
according to a previous study, this comprises 60% of the samples taken for screening
purposes and is responsible for 71% of the total screening costs annually (Salo et al.,
2014).

In addition, in our study, 72.6% of the Pap smears of the EAC/AIS cases
represented clinical samples and only 27.4% were screening programme samples.
However, in 45% of the EAC/AIS cases, the screening Pap smear led to biopsies or
follow-ups, which eventually led to the diagnosis of glandular neoplasia. Notably, in
our study, only 11% of the clinical Pap smears were taken because of a symptom

reported by the patient.

6.1.1 Strengths and limitations

The investigation of the cytological features was blinded, which may be considered
a strength of the study. The association of cytomorphological features with EAC
and AIS histology was evaluated statistically instead of only descriptively.
Furthermore, the statistical analyses were performed by a professional statistician.
To the best of our knowledge, this is the first study in which the development of
cytomorphological features predicting EAC and AIS has been investigated in
relation to time.

Since no liquid-based specimens were available, the cytomorphological analysis
included only conventional Pap smears, which can be seen as a limitation. In
addition, some of the evaluated Pap smears were old, with suboptimal preservation
possibly interfering with the interpretation of the cytomorphological features; this

may have influenced the results.

6.2 Study Il

In the current TBSRCC 2014, there are five diagnostic categories for squamous cell
lesions and a total of 10 diagnostic categories for glandular cell lesions in addition to
the diagnoses “Insufficient” and “NILM” (Nayar & Wilbur, 2015). In practice, the
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combination of squamous and glandular diagnoses is common; this was also seen in
our study, since our observers used 26 different diagnoses or combinations of
diagnoses to describe the findings in 167 Pap smears. For statistical purposes, all the
components of the diagnoses had to match exactly for the diagnoses to be
considered equal. In our study analyses, the large number of allowed diagnostic
options probably accounted for some of the diagnostic diversity seen in comparison
to studies with fewer diagnostic categories to choose from (Confortini et al., 2016;
Joste et al., 1996; Lepe et al., 2018; Simsir et al., 2003). This likely contributed to the
fact that exact agreement was reached in only 47.5% of the Pap smears, which is
lower than the 55.1% and 62.8% reported earlier in the Bethesda Interobserver
Reproducibility study (BIRST) and in the BIRST-2 (Kurtycz et al., 2017; Sherman et
al., 2007). In BIRST, the agreement was seen to improve from 55.1% to 82.3% when
evaluation was performed only at the level of negative vs non-negative (Sherman et
al., 2007).

In general, the reproducibility of diagnoses in the squamous cell and NILM
categories has been fairly good and much better than the 33% agreement achieved
in the glandular cell category in BIRST-1 (Kurtycz et al., 2017). In our study,
compared to some previous studies, cytological squamous and glandular features
were well recognised, with half of the observer pairs and half of the observers in the
intraobserver part of the study reaching substantial x- values (Lepe et al., 2018;
Moreira et al., 2008). In our study, the variation between the observer pairs was much
wider than in the other studies, which led to only fair overall agreement in
comparison to the ranges reported earlier (Lepe et al., 2018; Moreira et al., 2008; Niu
et al,, 2019).

In the preneoplastic/neoplastic categoty, our results were also in line with some
of the previously published studies with moderate overall interobserver and
intraobserver reproducibility (Lee et al., 2002; Lepe et al., 2018). The highest
interobserver - value of 0.67 in this category was encountered in a setting of
histological AIS cases and their Pap smears from the year preceding the histological
diagnosis (Niu et al., 2019). In turn, the best intraobserver values, from 0.63 to 0.74
for high-grade lesions, were described in a setting of LSIL vs HSIL (Joste et al,,
1996).

In our study, the Pap smears diagnosed as ASC-US or AEC-NOS were grouped
together since, during the study design according to the Finnish national guidelines,
these diagnoses led only to a control Pap smear instead of colposcopy and
histological sampling. The interobserver agreement in this category was simply poor
and even slightly worse than that described by others (Lee et al., 2002). Also, in terms
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of intraobserver agreement, only a fair level of reproducibility was reached in this
category.

Likewise, in the category of NILM samples in our study, there was a large
variation between the observer pairs ranging from negative to substantial x- values
and leading to a fair overall agreement that was lower than the fair or moderate level
of reproducibility achieved in earlier studies (Confortini et al., 2006; Simsir et al.,
2003). In our study, reproducibility was only fair also in terms of intraobserver
agreement.

Similarly, only a fair level of interobserver agreement has been described on
cervical histological samples when the evaluation of the severity of the lesion is based
on haematoxylin eosin-stained slides only (Ismail et al., 1989; Hodgson et al., 2019;
McGluggage et al., 1998). As seen with Pap smears, the agreement on more severe
lesions has been better than the reproducibility of less severe diagnoses (Grenko et
al., 2000; McGluggage et al., 1998). In addition, when the macroscopic characteristics
of atypical transformation zones have been investigated, the agreement between
colposcopists has shown variation from poor to substantial, depending on the
feature evaluated (Sellors et al., 1990; Vallikad et al., 2017). Thus, at all levels in the
diagnostics of cervical lesions, interobserver variability must be addressed.

The generally only fair-to-moderate level of interobserver agreement achieved is
not unique for cervical samples. Similar findings, including cytological diagnoses,
have been reported for other organs, such as the salivary gland and breast (Layfield
et al., 2020; Viswanathan et al., 2020).

However, when dealing with cervical cytological samples, the most important
issue is to identify the cases requiring immediate intervention or follow-up from
those that do not. In this sense, it is not crucial whether an atypia or a
prencoplastic/neoplastic finding in cytology is deemed squamous or glandular if the
follow-up is the same. Recognising glandular atypia, however, can guide the clinician
to pay special attention to the endocervical canal and its sampling.

In the same vein, it is reassuring that the preneoplastic/neoplastic diagnoses are
the ones for which cytopathologists have the best agreement. The NILM and the
diagnoses in the atypical group are more challenging. The low reproducibility of
these diagnoses presumably leads to some unnecessary follow-ups and diagnostic
procedures and probably also to some missed malignancies.

In our study, the intraobserver reproducibility was higher in all evaluated
categories in comparison to the values reached in the interobserver part of the study.
Since the number of the evaluated Pap smears in the first round was quite high and

there was a time interval of couple of months between the two rounds, we find it
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unlikely that observers would have been able to remember the cases they had
reviewed or the diagnoses they had given.

In the morphological analysis of the diagnostic Pap smears of EAC and AIS
patients, nuclear size > 2 times the normal and nuclear pleomorphism were the most
common features observed in smears correctly diagnosed as a glandular neoplasia,
with good agreement on the specific diagnosis among observers. Marked nuclear
enlargement or nuclear pleomorphism have also been among the combination of
features associated with EAC and AIS in previous studies and as a single feature
described in association with glandular neoplasia (Conrad et al., 2018; Lee et al., 1995;
Lee etal., 1997; Mariani et al., 2014; Pulkkinen et al., 2021; Rabelo-Santos et al., 2008;
Torres et al., 2005). In our study, crowded fragments with scant cellular cytoplasm
and at least one architectural feature (rosettes, feathering, palisading cell borders or
papillary groups) were also more commonly encountered among samples with good
diagnostic agreement. Nuclear crowding, with or without changes in the nuclear-to-
cytoplasmic ratio, has also been described in association with glandular malignancies
by others (Lee et al., 1995; Lee et al., 1997; Mariani et al., 2014). In addition, in all
previous descriptive analyses, at least one of the architectural features was
encountered in association with AIS or EAC (Nasu et al., 1993; Lee et al., 1995; Lee
et al., 1997). Of these features, the best predictors of glandular neoplasia have been
shown to be papillary groups, feathering and palisading borders (Burja et al., 1999;
Rabelo-Santos et al., 2008).

In our study, degeneration was among the two features obscuring the diagnosis
of glandular neoplasia, a finding published eatlier by others (Lee et al., 1995). The
lack of enlarged nuclei was also more commonly encountered in smears with poor
interobserver agreement in our study.

In summary, in cervical cytology, the diagnostic reproducibility is variable
throughout the diagnostic categories and substantial levels of agreement are only
occasionally reached. Agreement on severe cytological changes is generally better
than the reproducibility of milder atypias and negative samples. In our study, the
general neoplasia-associated features of marked nuclear enlargement and nuclear
pleomorphism were the most frequent features in the EAC and AIS Pap smears,
with good consensus of the neoplastic nature and of endocervical glandular origin
of the lesion. In addition, at least one architectural feature (rosettes, feathering,
palisading cell borders or papillary groups) was present in all these samples. In turn,
degeneration and the lack of enlarged nuclei were the most common features

obscuring the diagnosis of endocervical glandular neoplasia.
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6.2.1 Strengths and limitations

The sample size was relatively large, with 167 Pap smears analysed independently by
four observers in the interobserver part of the study. Both the sample size and the
number of observers can be seen as strengths of the study. Additionally, a subgroup
of 20 samples was later re-evaluated by the same observers, which allowed the
intraoberver analysis to be performed with several observers. In the morphological
analysis of the diagnostic Pap smears of the EAC and AIS cases with good and poor
interobserver consensus, the cytological features described were retrieved from the
materials of Study I. Thus, the Pap smears were investigated blinded, which is an
additional strength in evaluating the significance of the findings. The sample size was
small, though; therefore, only a descriptive analysis of features was performed.

The study comprised only conventional Pap smears without any LBC
preparations. Some of the smears were old, with suboptimal preservation possibly
interfering with the interpretation of the cytological features and the classification of
the samples. This might have influenced the end results. For the analyses, we did not
have a cytological reference diagnosis, but instead used the majority of agreed
diagnoses of three observers.

There was a change in the national guidelines during the study period, as a result
of which the AEC-NOS cases were also sent for colposcopy instead of taking only
a control Pap smear (Kidypahoito, 2021). Therefore, some of the investigated
categories no longer correspond to clinical management, which can be seen as a flaw.

In the statistical analysis, we found that one of the observers consistently agreed
less frequently with the others. The observer in question participated in the study
design and knew that the histological AIS and EAC cases were overrepresented in
comparison to HSIL cases and that there were no samples with a benign final
histology included. This can be seen as a limitation, since the knowledge of the
number of final diagnoses might have influenced the observer’s interpretation of the

cytological features in favour of glandular diagnoses and malignancies.

6.3 Study Il

In this study, no endocervical malignancies were found among patients with
cytological endocervical cell atypia and a negative hrHPV result, which mirrors the
fact that most endocervical adenocarcinomas are associated with hrHPV infection
(Moljin et al., 2016; Pirog et al., 2014; de Sanjose et al., 2010). There were no cases
with HSIL or SCC, either supporting the earlier finding that most of the mild
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cytological glandular atypias, in fact, represent benign histological changes or only
histological LSIL-level changes (Burja et al., 1999; Kawano et al., 2020; Kim et al.,
2017; Lee et al., 1995; Polat et al., 2021; Pradhan et al., 2016; Torres et al., 2005).

Endocervical glandular atypia was reported in 0.13% of Pap smears, which is in
the same range as the 0.1-1.84% described by others (Ajit et al., 2013; Burja et al.,
1999; Chen et al., 2008; Lai et al., 2008; Lee et al., 1995; Kim et al., 2017; Nasu et al.,
1993; Pradhan et al., 2016; Selvaggi et al., 2016; Zhao et al., 2009). Of the AEC-NOS
Pap smears, 37.3% were hrHPV-negative, which is significantly less than the 79.8%
reported in an earlier study (Chen et al., 2008).

Of the high-grade histological lesions detected among the AEC cases with or
without combined squamous atypia, 68.4% were purely of squamous origin; this is
in the same range as the 37% to 77% reported earlier (Hare et al., 2003; Nasu et al.,
1993; Rabelo-Santos et al., 2008).

The high proportion of squamous lesions might be explained by the extension of
HSIL to endocervical glands, which is known to be a common cause of false positive
cytological glandular diagnoses and is reported in up to 63% of HSIL specimens
originally diagnosed as atypical glandular cells (AGUS) in cytology (Kumar et al,,
2009; Selvaggi, 1994; Selvaggi, 2002). The difficulty in correctly categorising mild
cytological changes in particular is also a well-recognised problem, and it is probably
partly responsible for our findings (Confortini et al., 2006; Lee et al., 2002; Lepe et
al., 2018; Moreira et al., 2008; Pulkkinen et al., 2022; Simsir et al., 2003).

The hrHPV test has been proven to be positive for cancer and precancerous
lesions more often than the simultaneously taken cytology is abnormal; the
difference in performance has been more pronounced among cases subsequently
diagnosed with AIS or EAC than among CIN3 or SCC cases (Katki et al., 2011;
Schiffman et al., 2018; Wright et al., 2015). As reported by most previous studies, in
addition to detecting more SCC precursors, the implementation of hrHPV testing
has also led to the eatlier detection of SCC precursors, as well as to reduced numbers
of CIN3 lesions and invasive carcinomas later at follow-up in comparison to
cytology alone (Horn et al., 2019; Kitchener et al., 2009; Murphy et al., 2012; Naucler
et al., 2007; Ogilvie et al., 2018; Rijkaart et al., 2012; Ronco et al., 2010; Ronco et al.,
2014). Among cases screened with cytology only, a high percentage of the invasive
cancers detected later were adenocarcinomas (Ronco et al,, 2010). In addition,
normal findings in cytological screening have been shown to be associated with a
significantly lower risk reduction rate for EAC than for SCC in comparison to
unscreened women (Wang et al., 2020). On the other hand, a negative htHPV test

result in screening has been shown to predict a negative outcome better than
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cytology (Gauge et al., 2014; Horn et al., 2019; Katki et al., 2011; Kitchener et al.,
2011; Ogilvie et al., 2018); this was also conversely seen in our study since there were
no high-grade histological lesions among the hrHPV-negative cases.

In our study, only two neoplastic lesions were diagnosed in the second screening
round. Both lesions were glandular and represented AIS. The time lag from the initial
hrHPV positivity and the cytological glandular atypia seen at the study baseline was
5 years and 9 months for the first case and 6 years and 11 months for the second
case. Similar reports of cytological AGUS diagnosed with AIS or EAC after a long
follow-up period of up to 8 years suggest either a long evolution of the clinically
detectable lesions or mirroring the difficulties in their diagnosis, both in cytology and
in clinical practice (Boddington et al., 1976; Kim et al., 2017; Soofer et al., 2000).

A database search covering the study period of 2014-2021 revealed one hrHPV-
negative mucinous gastric-type adenocarcinoma missed by the primary HPV
screening. The patient was hrHPV-negative at screening and therefore the Pap smear
was not investigated, and no follow-ups were scheduled. The carcinoma was
diagnosed two years later at a gynaecological check-up scheduled for other reasons.
It can only be speculated that including a Pap smear in the screening protocol would
have led to an earlier diagnosis in this case since up to 22% of EAC and about 15%
of AIS have been proven to be negative both in cytology and in the hrHPV test
(Austin et al., 2018; Katki et al., 2011; Schiffman et al., 2018). Adding a cytological
sample to hrHPV screening would increase the total costs and, based on previous
calculations, would lead to an earlier detection of at most five cases per million
women in one year (Schiffman et al., 2018). In any case, mucinous gastric-type
adenocarcinomas are known for their blunt cytomorphology, making their
cytological diagnostics challenging. Characteristic cytological features and features
separating them from the usual HPV-associated adenocarcinomas have been
described. The features include monolayered and honeycomb sheets, distinct cell
borders, vacuolated and/or foamy cytoplasm, intracytoplasmic neutrophil
entrapment, sometimes vesicular nuclei with prominent nucleoli, nuclear
overlapping and mostly only focal nuclear enlargement (Kawakami et al., 2015; Negti
et al.,, 2021; Ryu et al., 2021).

In LBC samples, adding a p16/Ki-67 dual stain to the diagnostics has been
reported to increase the detection of at least histological HSIL cases among hrHPV-
positive and cytology-negative patients (T'rzeszcz et al., 2021). On the other hand, a
positive Hepika test on a cytological sample seems to be a good predictor of invasive
carcinoma, both squamous and glandular, compared to precursor lesions only
(Gustinucci et al., 2021). Adding p16 stains and Hepika tests to the screening
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protocol in selected cases would probably increase or at least promote the detection
of some AIS and EAC cases. Since p16 and Hepika are both surrogate markers for
hrHPV infection, they are unlikely to be of any benefit in the diagnosis of the
practically always hrHPV-negative gastric-type endocervical adenocarcinomas (Holl
et al.,, 2015; Jenkins et al., 2020; Moljin et al., 2016; Nicolas et al., 2019; Pirog et al.,
2014; Roiguez-Carunchio et al., 2015).

6.3.1 Stregths and limitations

In the study, the participation rate in screening (70.8%) was in the same range as
reported earlier in Finland (Elfstrém et al., 2015), but the high drop-out rate
observed in follow-up was unexpected. This can be considered a limitation of the
study, since of the originally hrHPV-positive patients, 25.8% did not attend their
follow-ups with a persistent hrHPV infection as their last finding. This might have
affected the end results and left some cancers and premalignant lesions undiagnosed
or unreported. During the study period, there was one death from other reasons
revealed by the LIS. Since in Finland the different regional and private sector
practitioners’ databases do not communicate, we do not know whether the patients
dropping out of the screening protocol moved, were diagnosed and treated
elsewhere or simply chose not to participate.

We performed a database search that covered the study period to find cases
missed by the HPV primary screening. As discussed eatlier, for some AIS and EAC
cases, reaching the diagnosis can take years. Thus, some malignancies can still emerge
later.

6.4 Study IV

In our study, squamous metaplasia, inflammation or a combination of these were
the most frequent findings in the follow-up histologies of AEC-NOS Pap smears.
This is in line with many of the earlier publications (Ajit et al., 2013; Kawano et al.,
2020; Nasu et al., 1993; Polat et al., 2021; Schindler et al., 1998; Selvaggi, 2016; Torres
et al., 2005; Zhao et al., 2009). Inflammation is known to induce reactive nuclear
atypia and metaplastic squamous changes as a protective response. Thus,
encountering them in the same specimen is not unexpected (Ajit et al., 2013; Nasu
et al,, 1993; Polat et al., 2021; Zhao et al., 2009). Inflammatory background in the
AEC-NOS Pap smears in our study correlated with significant mixed inflammation
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in the follow-up histological samples. If the inflammatory infiltrate in Pap smear is
pleomorphic and also includes tingle-body macrophages, the associated mild
endocervical cell atypia has been postulated to most likely represent a benign,
reactive change (Wood et al., 2007).

Besides infection and inflammation, reactive and reparative cytological atypia can
be induced by several other benign or even malignant conditions affecting the uterine
cervix (Levine et al., 2005; Ng et al., 2003; Rimm et al., 1999). However, in many of
the earlier studies, the etiology of the reactive/reparative atypia has not been defined
(Ghorab et al., 2000; Lee et al., 1995; Nasu et al., 1993; Ronnet et al., 1999).

According to earlier literature, the nuclei of the reactive/reparative endocervical
cells can be normal-sized, uniformly enlarged or sometimes prominently
anisonuclear. Prominent nucleoli can also be encountered. The chromatin pattern is
usually even and fine, although even nuclear hyperchromasia has been described
(Ghorab et al., 2000; Lee et al., 1995; Nasu et al., 1993; Ronnet et al., 1999; Torous
et al., 2021; Wood et al., 2007). Additionally, crowded cell groups and sheets with
nuclear stratification have been reported, but without feathering, rosettes or
palisading cell borders (Ghorab et al., 2000; Lee et al., 1995; Ronnet et al., 1999;
Torous et al., 2021).

In this study, nuclear crowding in cytology did not correlate with significant
inflammation in the follow-up histological specimens. Instead, in the absence of
significant histological inflammation, the nuclei of the endocervical cells were more
frequently interpreted as elongated in cytology. A finely granular chromatin pattern
showed an association with immature squamous metaplasia but not with significant
histological inflammation.

The third most common benign condition encountered in our study was tubal
metaplasia. According to previous publications, tubal metaplasia often presents as
strips, sheets or groups of cells showing variable-sized nuclei with crowding and
piling in addition to occasional hyperchromasia and mitotic figures (Selvaggi et al.,
1997; Torous et al., 2021; Wilbur, 2016; Wood et al., 2007). Significant chromatin
abnormalities, apoptotic bodies and tumour diathesis are absent. If encountered, cilia
and terminal bars are the most characteristic, although not pathognomonic, of
metaplasia only (Torous et al., 2021; Wilbur, 2016; Wood et al., 2007). In our study,
none of the investigated cytological features correlated with tubal metaplasia in
histology.

Microglandular hyperplasia was present in one-fifth of the benign histological
follow-up specimens in our study. In cytology, microglandular hyperplasia was
associated with nuclear elongation. According to TBSRCC 2014, nuclear elongation
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is a feature of AEC-FN and cytological AIS (Nayar & Wilbur, 2015). Nuclear
elongation was not mentioned in any of the earlier studies in association with
microglandular hyperplasia (Alvarez-Santine et al., 1999; Selvaggi et al., 1997; Wood
et al., 2007; Yahr et al., 1991). Therefore, the power of our findings awaits a larger
series. The cytomorphological features that have been previously described in
association with microglandular hyperplasia include three-dimensional cell groups,
small gland-like spaces, variation in cell size, either cubical, cylindrical or rounded
nuclei and, in rare cases, hyperchromasia and prominent mitotic activity (Abi-Raad
et al,, 2014; Alvarez-Santine et al., 1999; Selvaggi et al., 1997; Wood et al., 2007).

The scant cellularity in Pap smears was associated with granulation tissue
formation in the histological samples. This could be expected since the granulation
tissue most often lacks the surface epithelium. In addition, palisading cell borders
correlated with the histological findings of granulation tissue. No other reports of
the cytological features of granulation tissue in Pap smears have been found in the
literature.

Some histological changes were encountered in all our benign follow-up
histological samples of AEC-NOS Pap smears, which is in line with many of the
previous studies (Ajit et al., 2013; Chen et al., 2008; Kawano et al., 2020; Selvaggi,
2016). However, in other reports, in 10% to 71% of cases, the histological samples
harboured no abnormalities, possibly explaining the cytological glandular atypia
diagnosed (Burja et al., 1999; Hare et al., 2003; Kim et al., 2017; Nasu et al., 1993;
Schindler et al., 1998; Schnatz et al., 2000).

It has been proven that HPV infections have a high spontaneous clearance rate
and that most of the mild squamous lesions spontancously regress (Moscicki et al.,
1998; Moscicki et al., 2004; Petry et al., 2018; Loopik et al., 2021) In comparison to
squamous lesions, the evolution of EAC and its precursor lesions is less well
established. There are no similar data published that address the possible
spontaneous clearance rate of the endocervical lesions. In theory, HPV infection
could induce later regressing changes in the glandular epithelium as well, thereby
providing an explanation for why sometimes no histological changes explaining the
cytological glandular atypia can be found. Since endocervical lesions are
diagnostically challenging for both clinicians and pathologists, the discrepancy
between cytological and histological diagnoses can also naturally be due to a sampling
or diagnostic error (Confortini et al., 2006; Lee et al., 2002; Lepe et al., 2018;
Pulkkinen et al., 2022; Simsir et al., 2003).

In AEC-NOS Pap smears, degeneration and nuclear crowding were more

common among cases histologically confirmed as malignant. Thus, degeneration and
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nuclear crowding were the strongest cytomorphological features separating the
AEC-NOS Pap smears harbouring malignancy from the histologically benign
proven cases. Degeneration has also been one of the cytological features obscuring
the neoplastic nature of atypical cells in Pap smears in previous studies (Lee et al.,
1995; Pulkkinen et al., 2022). Similarly, in agreement with our findings, crowded
fragments have also been among the combination of cytological features in cases
correctly diagnosed as endocervical cell malignancy in previous studies (Lee et al.,
1995; Mariani et al., 2014; Pulkkinen et al., 2022).

In conclusion, additional tools besides cytology are needed for the diagnosis of
endocervical malignancies to reliably distinguish mild glandular atypias related to
benign pathologies from those harbouring a neoplastic lesion. All of the
histologically benign verified AEC-NOS cases in our study were either hrHPV-
negative at the study baseline or turned hrHPV-negative during the study period.
The majority of AIS and EAC are hrHPV-associated (Moljin et al., 2016; Pirog et al.,
2014; de Sanjose et al., 2010). Until more specific biomarkers become available, a
negative hrHPV test seems to be the best predictor of a benign outcome among
AEC-NOS cases. Meanwhile, some overdiagnostics and overtreatment most likely
occurs among the problematic hrHPV-positive AEC-NOS cases.

6.4.1 Strengths and limitations

The fact that this was a blinded study instead of only a retrospective descriptive
analysis of the cytomorphological features behind benign lesions can be counted as
a strength. In addition, we had histologically malignant proven AEC-NOS Pap
smears as a control group. All our benign cases had a relatively long follow-up period,
and every case had an HPV status history available. These both support the
interpretation that the cases in the benign group were truly non-neoplastic.

The relatively small sample size of 30 benign and 15 malighant AEC-NOS Pap
smears can be seen as a limitation of the study and as a possible explanation as to
why the investigated cytomorphological features did not show more specific
correlations to any of the histological lesions. Our strict inclusion criteria limited the

possibility of a larger series.
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7 FUTURE DIRECTIONS

7.1 Prognostic biomarkers of cervical cancer

As hrHPV testing has become widely applied as a diagnostic tool and screening
method, it has become evident that additional methods are needed in the risk
stratification of hrHPV-positive patients. While LBC-based cytological sampling has
simultaneously replaced the conventional Pap smear in many high-income countries
as the main cytological method, the dual-stain (DS) with p16 and Ki-67 has already
been quite broadly studied with regard to squamous lesions and as a possible future
screening tool. While the role of DS in the diagnosis of EAC and mild cytological
endocervical cell atypias has not yet been widely studied, DS has proven to be equally
sensitive but more specific than hrHPV testing in detecting squamous lesions,
including CIN2 and worse (CIN2+; Peeters et al., 2019; Voidazan et al., 2022). DS
has a high negative predictive value for CIN2+ lesions that is similar to that of the
hrHPV test and has been shown to predict the outcome better than cytology and
cytology combined with hrHPV genotyping among hrHPV-positive patients (Clarke
et al., 2019; Uijterwaal et al., 2014; Uijterwaal et al., 2015; Wright et al., 2022).

DNA methylation, the epigenetic mechanism for the control of gene expression
for various cellular functions, has also been widely studied in association with
cervical cancer carcinogenesis. Several host cell and HPV targets have been
identified. In general, for most of the investigated genes, methylation rates are higher
in CIN2+ lesions than in LSIL and benign samples (Bowden et al., 2019; El Aliani
etal., 2021; Kelly et al., 2019; Kremer et al., 2021). As a triage test, DNA methylation
has been reported to be more specific than cytology in categories ASC-US or worse
and as equally specific but more sensitive than HPV16/18 genotyping (Kelly et al.,
2019).

Among the most promising targets is the combination of FAM19A4/miR124-2
genes, which have been shown to be positive in 98.3% to 100% of SCC and EAC
and even positive in 93.8% of rare EAC subtypes and HPV-independent cancers
(De Stooper et al., 2018; Vink et al., 2020). The validated FAM19A4/miR124-2
assays have a good sensitivity rate, from 71.3% to 77.2%, and a specificity of 78.3%
for CIN3 lesions and worse (CIN3+; Kremer et al., 2021). Importantly, if the
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FAM19A4/miR124-2 methylation test is negative, the likelihood of developing
cervical cancer seems to be very low (De Stooper et al., 2018; Vink et al., 2020). In
addition, methylation of EPB41L3 and viral targets HPV16 L1/2 have been shown
to have good sensitivity and specificity for CIN2+ lesions but only in HPV16-
positive cases (Bowden et al., 2019; Kelly et al., 2019).

Studies directly comparing the performance of DS and methylation tests in
cervical cancer diagnostics have not yet been published. An advantage of the
methylation tests is that they are not subjected to interpretation like DS is.
Additionally, they can be performed on different types of samples, including self-
collected samples and even urine, in addition to the usual cervical scrape (Kremer et
al., 2021). On the other hand, DS is cheap and, in many laboratories, already available
as an established method for histological samples. From the point of view of cost-
effectiveness, it is not unequivocal which combination of diagnostic methods
performs the best in triage of hrHPV-positive patients (Leesona et al., 2021).

Several other markers and methods have been proposed for the more specific
detection of cervical cancer or precancer in the context of proven hrtHPV positivity.
So far, they have only been studied on a limited basis or the published results have

been controversial, and further studies are awaited.

7.2 Vaccines

Currently, three HPV vaccines are available in many countries throughout the world.
The bivalent vaccine covers the hrtHPV genotypes 16 and 18 and the quadrivalent
vaccine additionally covers the low-risk HPV genotypes 6 and 11. In addition to
HPYV genotypes 16, 18, 6 and 11, the nonavalent vaccine provides protection against
the hrtHPV genotypes 31, 33, 45, 52 and 58.

Vaccines against HPV16/HPV18 have been shown to significantly decrease the
incidence of CIN2+ and CIN3+ lesions, AIS and invasive cancer among vaccinated
girls and younger women (Arbyn et al., 2018; Ault et al., 2011; Drolet et al., 2019;
Lei et al., 2020; Kjaer et al., 2021). The protective effect has been the highest against
HPV16- and HPV18-positive lesions and among females proven to be hrHPV-
negative before the first vaccine (Arbyn et al., 2018; Ault et al., 2011). The vaccines
against HPV16 and HPV18 have significantly decreased the prevalence of HPV16
and HPV18 infections, but have also substantially decreased the prevalence of
infections with hrHPV genotypes 31, 33 and 45 (Drolet et al., 2019; Mesher et al.,
2016; Tsang et al., 2020; Wheeler et al., 2012). Likewise, at least some level of cross-
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protection against genotypes 35, 51 and 58 has been observed. (Tsang et al., 2020;
Wheeler et al., 2012).

In light of this, the amount of cervical SCC and EAC can be expected to decrease
substantially in the future, at least in developed countries that have implemented the
HPV vaccine as part of a national vaccination programme. However, there have
been worries about whether vaccinating against HPV16 and HPV18 can lead to HPV
type replacement in cervical cancer. This was implicated in a meta-analysis reporting
a slight increase in the prevalence of hrHPV genotypes 39 and 52 and possible high-
risk genotypes 53 and 73 in the vaccinated population (Mesher et al., 2016). Further
epidemiologic studies are needed to answer this question in due time. According to
a recent study, the HPV16/18 vaccine also reduces the number of CIN2+ and
CIN3+ lesions caused by non-vaccine-targeted and non-cross-protected hrHPV
genotypes other than 16, 18, 31, 33 and 45 (Sing et al., 2022). Obviously, HPV
vaccines will not be effective against HPV-independent EAC subtypes, which will
probably lead to an increase in their relative prevalence.
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8 SUMMARY AND CONCLUSIONS

In summary, we investigated the cytomorphological features associated with EAC

and AIS, the cytomorphological features obscuring their diagnosis and the

significance of hrHPV status in predicting the outcome of cytological endocervical

glandular atypia.

Our primary original findings are as follows:

1.

A combination of three cytomorphological features comprising palisading
cell borders, nuclear pleomorphism and the lack of single atypical cells were
found to be associated with EAC and AIS.

The reproducibility of the preneoplastic/neoplastic cytopathological
diagnoses was only moderate in terms of both inter- and intraobserver
agreement, but better than that of atypia and NILM. In EAC and AIS Pap
smears, nuclear size > 2 times the normal and nuclear pleomorphism were
the most common features in Pap smears, with good consensus of the
neoplastic nature and of the endocervical glandular origin of the lesion. In
turn, the lack of nuclear enlargement and degenerative changes were the most
frequent features encountered in samples with low consensus.

No neoplastic lesions were found among hrHPV-negative patients with
AEC-NOS in cytology in our study cohort. One case of hrHPV-negative,
gastric-type mucinous adenocarcinoma missed by the HPV primary
screening was found by matched LIS analysis. Among the hrHPV-positive
cases with AEC-NOS or AEC-FN in cytology, 68.4% (13/19) of the
neoplastic lesions were purely squamous. Of the originally hrHPV-positive
patients, 25.8% (16/62) dropped out of the scteening protocol, with a
persistent hrtHPV infection as their last test.

Squamous metaplasia, significant mixed inflammation, tubal metaplasia and
microglandular hyperplasia were the most common histological findings
among cases with AEC-NOS in cytology and no evidence of neoplastic
lesions in histological samples or during the follow-up period. Lack of
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degeneration and nuclear crowding were the best cytomorphological features
in separating these benign proven AEC-NOS cases from those representing
EAC or AIS in histology. However, cytomorphology alone is not sufficient
to reliably separate mild glandular atypias related to benign pathologies from
those harbouring malignancy. All the benign proven AEC-NOS cases were
either hrHPV negative at the study baseline or turned negative during the
study period; thus, htHPV negativity is the best indicator of benign atypia.
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In the high-income countries, the amount of cervical adenocarcinomas is on the rise. The pap smear sampling has a
low sensitivity and a low specificity for endocervical malignancies, and there are only a few cytomorphological features,
that are specifically associated with glandular atypia. In this study, 298 pap smears of 60 patients with endocervical
adenocarcinoma or adenocarcinoma in situ (AIS) and 30 patients with high-grade intraepithelial lesion (HSIL) in his-
tology were reviewed. The pap smear type (screening/clinical), the HPV status and the time from sampling to the histo-
logical confirmation of diagnosis were recorded for each case. Despite that no cytomorphological features could be
associated with adenocarcinoma statistically, 70% of the pap smears were initially correctly diagnosed as an endocervi-
cal glandular lesion. Palisading cell borders, nuclear pleomorphism and the lack of single atypical cells present simulta-
neously were found to be associated with adenocarcinoma and AIS with the corresponding ORs of 5.89 (95% CI 1.96—
17.70), 3.71 (95% CI 1.14-12.02) and 10.76 (95% CI 1.20-59.50). This combination of features was seen in smears
taken up to 5 years before the histological diagnosis. Of all our screening samples, 10.9% were HPV-positive. There

e-mail: ivana.kholova@tuni.fi

were no HPV-negative samples among patients with adenocarcinoma.
Key words: Endocervical adenocarcinoma; AIS; pap smear; cytological features; HPV; pathology.

Ivana Kholovd, Department of Pathology, Fimlab Laboratories, P.O. Box 66, FIN 33101 Fimlab, Finland.

Worldwide cervical cancer is the fourth most fre-
quent cancer in women (1). Since the cervical can-
cer screening programme in Finland started in the
1960s, the amount of cervical cancer deaths has
decreased to one-fifth of its original number (2). In
Finland, in addition to the national cervical cancer
screening programme, there are also symptom-
based and opportunistic (3) pap smears. While
about 90% of the deaths caused by cervical cancer
occur in low- and middle-income countries, in the
high-income countries the total amount of cervical
cancers has decreased (4). Yet, in the high-income
countries, the relative and total amount of cervical
adenocarcinomas seems to be rising, especially
among the younger age groups (4).

While the diagnostic cytological and histological
features of endocervical adenocarcinoma (EAC)
and endocervical adenocarcinoma in situ (AIS) are

Received 15 June 2020. Accepted 8 January 2021

defined by The Bethesda System for Reporting Cer-
vical Cytology (5) and the WHO Classification of
the Tumours of Female Reproductive Organs (6),
respectively, there are currently no accepted lower
grade precursor lesions for adenocarcinoma like
there are the intraepithelial neoplasias for cervical
squamous cell carcinoma (5-8). In cytological cervi-
cal samples, a large amount of the lesions behind
glandular diagnoses (atypical endocervical cells,
NOS, atypical endocervical cells, favour neoplastic,
endocervical adenocarcinoma in situ and endocervi-
cal adenocarcinoma) are non-neoplastic or of squa-
mous or endometrial origin or other carcinomas
leading to a low screening specificity for EAC and
AIS (9-17).

Cytological diagnoses of atypical endocervical
cells, NOS (AEC, NOS), atypical endocervical cells,
favour neoplastic (AEC, FN) and adenocarcinoma
in situ (AIS) were shown to have a progressively
better association with neoplasia (10-11,17-18) and
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Table 1. Cohort characteristics

Number Age + SD  Number Average Number ~ Number Abnormal' Diagnostic?
of . (range) of number of . Ot, . Total Screening  Clinical ~ Total Screening  Clinical
patients pap of smears  screening  clinical pap pap pap pap smear
smears pap pap smear smear smear
smears smears
n (range) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
AC 60 43.0 £ 14.6 201 3.4 (1-10) 55 146 106 36 70 60 21 39
total (22-83) (27.4%)  (72.6%) (52.7%) (34.0%)  (66.0%) (29.5%) (35.0%)  (65.0%)
AC 37 46.0 £ 16.0 109 2.9 (1-9) 27 82 57 18 39 37 2 35
only (23-83) (24.8%)  (752%) (52.3%) (31.6%)  (68.4%) (33.3%) (5.4%) (94.6%)
AC + 23 37.5+9.9 92 4.0 (1-10) 28 64 49 18 31 23 6 17
LSIL/ (22-56) (30.4%)  (69.6%) (53.3%) (36.7%)  (63,3%) (25.0%) (26.1%)  (73.9%)
HSIL

'Abnormal pap smear sample was defined as sample other than Negative for Intraepithelial Lesion or Malignancy

(NILM).

’Diagnostic pap smear sample was defined as sample after which histology confirmed the diagnosis of adenocarcinoma or

adenocarcinoma in situ.

also specifically to cervical glandular malignancies
(19). The reported sensitivity of a single pap smear
for neoplasia in previous studies ranged from
15.3% up to 100% depending on the sample selec-
tions in the studies. Generally, it was lower in the
studies that included also previous pap smears diag-
nosed as AEC, NOS, Atypical endometrial cells,
NOS, atypical glandular cells, NOS, normal or
insufficient on contrary to inclusion of only samples
with possible or definite high-grade epithelial fea-
tures (11-12,14-16,20-21).

In the studies, with pap smear samples diagnosed
as AIS or EAC in cytology, in histology AIS was
found in 13%-28.3% of the cases and EAC in 13%
to 38.3% of the cases, although there was a clini-
cally significant lesion in 98.3%-100% of the sam-
ples (11,16). When the pap smear samples of
histologically  confirmed EAC, AIS and
AIS + HSIL were reanalysed a positive predictive
value for a pap smear for AIS was reported to vary
from 47.6% to 54.3% and for EAC from 45 to
76% (20,21).

There were only a few cytomorphological fea-
tures associated specifically with AEC and AIS
9,10).

In previous studies, feathering was the cytologi-
cal feature showing the strongest association specifi-
cally with endocervical glandular neoplasia, but
also pseudostratified strips, rosettes, palisading bor-
ders and even papillary groups were reported
9,10).

The aim of the present study was to find out
what type of cytological features and samples lead
to the diagnosis of EAC or AIS and what are the
reasons leading to sampling in these cases. In addi-
tion, we traced the first abnormal samples and the
cytological progression of endocervical adenocarci-
noma to find potential precursor cytological fea-
tures.
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MATERIALS AND METHODS

A laboratory information system (LIS) search for
histopathological diagnosis was made to find the
patients operated for EAC or AIS at the Tampere
University Hospital during the years 2008-2014. In
total, 60 patients were found in the 7-year-study period,
all of whom had pap smears taken prior to the diagno-
sis. The pap smear samples were conventional pap
smears. All patients had histologically confirmed diagno-
sis either by conization or hysterectomy. The average
age of the patients was 43.0 years (SD =+ 14.6, range
22-83) (Table 1). The patients had altogether 201 pap
smear samples taken, with the average of 3.4 samples
per patient (Table 1).

This group of patients was further divided into the
cases with EAC only or AIS only in the final histology,
and to the cases with EAC or AIS together with a low or
a high-grade squamous intraepithelial lesion (LSIL/HSIL)
in the final histology. The first group had 37 patient-cases
and 109 pap smear samples and the latter group 23 cases
and 92 pap smears (Table 1). All the available information
was retrieved from the clinical referral accompanying the
pap smear samples.

A control group of patients with the diagnosis of high-
grade intraepithelial lesion (HSIL) only in the final histol-
ogy was retrieved from the LIS. Of the 83 samples signed
out as HSIL during the year 2014, those cases lacking
diagnostic pap smears or histological confirmation, either
by conization or by biopsy, were excluded. Of the remain-
ing cases, 30 were randomly selected for the study. Alto-
gether, 97 pap smear samples were available in the control
group. The patients in this group were between the ages
of 21 and 54 with the average of 36.7 years (SD + 10.0).

Altogether, the 90 patients included in the study, had
298 pap smears samples available for the revision. The
number of pap smears per patient in this study varied
from 1 to 10 with the average amount of samples being
3.3.

In some older samples, the diagnosis was given accord-
ing to the Papanicolaou Classification System and those
were converted to the corresponding diagnosis according
to the Bethesda System for Reporting Cervical Cytology
2014 (5).
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ENDOCERVICAL ADENOCARCINOMA IN PAP SMEAR

All pap smears were blindly reviewed by a senior
cytopathologist in search for 38 different cytological fea-
tures, consisting of background features (clean, inflamma-
tory, necrotic, apoptotic debris, necrotic debris, bloody),
cellular features (columnar cell shape, cuboidal cell shape,
irregular cell borders, increased nuclear/cytoplasmic ratio,
regeneration, degeneration, atrophy), nuclear features (en-
larged nuclei, nuclear hyperchromasia, irregular nuclear
membranes, oval nuclei, elongated nuclei, mitotic figures,
nuclear pleomorphism, nucleoli, macronucleoli, finely
granular chromatin, coarsely granular chromatin, chro-
matin clearing, nuclear vacuoles) and architectural features
(high cellularity, scant cellularity, single atypical cells,
nuclear crowding, loss of polarity, loss of honeycomb pat-
tern, pseudostratified strips, palisading borders, papillary
groups, rosettes, feathering). The time from cytological
sampling to the histological confirmation of diagnosis was
calculated for each pap smear. For statistical analyses,
samples that had both a glandular and a squamous lesion
in the final histopathology were excluded. Altogether, fea-
tures of 256 pap smears representing 37 cases with EAC
or AIS and 30 cases with HSIL in the final histopathology
were analysed.

The statistical analysis was performed by an experi-
enced statistician and the programme used was SPSS ver-
sion 25 (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.) A further analysis of the cyto-
morphological features to define the combination of fea-
tures associated with the occurrence of EAC and AIS was
made with a forward stepwise multivariable logistic regres-
sion analysis using probability values of <0.05 for the
entry of features.

The study was approved by the Ethical committee of
Pirkanmaa Health Care District (R16022), and informed
content of each individual was not requested. The study
was conducted according to the Declaration of Helsinki.

RESULTS

The oldest sample in this study was taken 19 years
and 10 months before the cancer diagnosis and for
16 patients the first sample taken was already diag-
nostic for EAC or AIS.

Our material consisted of clinical and screening
programme samples. Out of the 201 pap smear
samples of the patients with EAC or AIS, 27.4%
(55/201) were taken in the cervical screening pro-
gramme and 72.6% (146/201) were clinical samples
(Table 1). During the study period, in 2012, the city
of Tampere started HPV-screening programme in
the age group of 35-60 years (22,23). Of the screen-
ing samples, 10.9% (6/55) had a positive HPV-re-
sult representing genotypes HPV16 (2 samples),
HPV18 (2 samples) and other high-risk HPV types
(2 samples) (22). There were no negative HPV cases
among patients with EAC or AIS in the final his-
tology.

Of the screening samples, 65.5% (36/55) had an
abnormal finding (Table 1) and of all diagnostic
samples in our series 35.0% (21/60) were screening

samples. In 45.0% (27/60) of the cases, screening
lead to biopsies or follow-ups, which eventually
lead to the diagnosis of EAC or AIS.

Of the clinical pap smear samples, 12.3% (18/
146) were taken because of an abnormal finding in
a previous screening pap smear sample (Table 2).

Follow-ups of a previous abnormal clinical cyto-
logical or histological finding represented 19.2%
(28/146) of the clinical samples. Testing in the asso-
ciation of general check-ups accounted for 13.7%
(20/146) of the samples and 5.5% (8/146) were
taken in association of birth control-related issues.
In 4.8 % (7/146) of the samples, there was a macro-
scopic tumour, either clinical or radiological. Symp-
toms reported by patients that led to sampling
included abnormal bleeding, abdominal pain or
symptoms related to infection like abnormal vagi-
nal discharge, itching, burning sensation or a
macroscopic condyloma.

In our material, issues related to infection were
the most common symptoms, occurring in 62.5%
(10/16) of the cases. They were also the most com-
mon non-specific cause leading to diagnosis as they
were seen at a wide time range from one sample
taken at the time of the final diagnosis to samples
taken up to 106 months before the final histological
diagnosis (average 53.8 months). The one case with
serious infection symptoms at the time of the diag-
nosis also turned out to have a macroscopic
tumour in the clinical check-up.

The second most common cause to symptom-
based sampling was abnormal uterine bleeding,
which was seen in 37.5% (6/16) of the cases. It was
the most specific symptom leading straight to can-
cer diagnosis in 83% of the reported cases. In our
material, only one patient presented with a coital
bleeding. Abdominal pain was reported by 3
patients, and in one case, pain-following sampling
lead to the cancer diagnosis.

Altogether, only 11.0% (16/146) of the clinical
pap smears were taken because of a patient-re-
ported symptom, two of those smears also present-
ing with a macroscopic tumour in the clinical
check-up. Notably, 70.0% of the patients with ade-
nocarcinoma or AIS did not report any symptoms
during their history. Unfortunately, 34.9% (51/146)
of the clinical samples had no clinical information
given in their referral to the pathologist (Table 2).

In the cytomorphological analysis, coarsely gran-
ular nuclear chromatin and inflammatory debris
were the only features associated specifically with
HSIL with respective p-values of <0.001 and 0.024
(Table 3). Other studied features were seen also in
EAC and AIS pap smears when all samples were
taken into account. However, in HSIL pap smears
certain features were recognized earlier. Cuboidal
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PULKKINEN ET AL.

Table 2. Indications of clinical pap smear sampling

AC AC only AC + LSIL/HSIL
Number of clinical samples 146 82 64
Number of indications 149 85 64

n % n % n %

Gynaecological check-up related 20 13.7 15 18.3 5 7.8
Follow-up' 28 19.2 17 20.7 11 17.2
Previous abnormal screening result 18 12.3 5 6.1 13 20.3
Birth control-related 8 5.5 4 49 4 6.3
Abnormal uterine bleeding 82 5.5 4 4.9 42 6.3
Macroscopic tumour 7 4.8 6 7.3 1 1.6
Abdominal pain 3 2.1 3 3.7 0
Infection related symptoms 6 4.1 2 2.4 4 6.3
No data available 51 349 29 35.4 22 34.4

"Follow-up of a an abnormal finding in a previous clinical sample.
’Including 1 coital bleeding.

Table 3. Analysis of cytomorphological features

Cytopathological feature Time before histopathological diagnosis (years) Total p-value

HSIL only' Coarsely granular chromatin 1 0.001
Inflammatory debris 1 0.024
HSIL earlier” Cuboidal cell shape 3 0.002
Single atypical cells 3 0.002
High cellularity 1 0.007
Papillary groups 1 <0.001
Rosettes 1 0.006
AC/AIS carlier® Palisading cell borders 2 <0.001

There were no cytopathological features associated with adenocarcinoma or AIS. The following features showed a similar
association with squamous and endocervical glandular lesions: feathering, loss of polarity, loss of honeycomb pattern,
nuclear crowding, irregular cell borders, columnar cell shape, elongated nuclei. The following features showed no associa-
tion to squamous or endocervical glandular lesions: clean background, necrotic background, bloody background, apoptotic
debris, necrotic debris, increased nuclear/cytoplasmic ratio, regeneration, degeneration, atrophy, enlarged nuclei, nuclear
hyperchromasia, irregular nuclear membranes, oval nuclei, mitotic figures, nuclear pleomorphism, nucleoli, macronucleoli,
finely granular chromatin, chromating clearing, nuclear vacuoles, scant cellularity and pseudostratified strips.

'Features seen in pap smear samples in HSIL group only.

’Features seen in both groups, but presenting earlier in HSIL group compared to AC/AIS group.

3A feature seen in both groups, but presenting earlier in AC/AIS group compared to HSIL group.

cell shape and single atypical cells could be seen up
to 36 months before histopathological diagnosis of
HSIL (p = 0.002 and 0.002, respectively). High cel-
lularity (p = 0.007), inflammatory debris
(p = 0.024) and traditionally to glandular neo-
plasia-associated features as papillary groups
(p < 0.001) and rosettes (p = 0.006) were seen up to
12 months before the diagnosis in the HSIL group.
However, in the retrospective review of the coniza-
tes of the HSIL group, 26 out of 30 conizates
showed HSIL extending to the endocervical glands,
although in 4 cases the extension was very superfi-
cial.

In summary, feathering, palisading cell borders,
nuclear crowding, loss of polarity, loss of honey-
comb pattern, irregular cell borders, elongated
nuclei and columnar cell shape were all seen in
both squamous and glandular abnormalities in
pap smear samples. Of those features, palisading

cell borders were the only feature seen earlier
among the adenocarcinoma and AIS samples, as
it presented in samples up to two years before
histological diagnosis. Among HSIL samples, pal-
isading cell borders were seen a year before the
histological diagnosis. Nucleoli did not show an
association with adenocarcinoma or AIS in the
present study.

Rest of the studied features including clean back-
ground, necrotic background, bloody background,
apoptotic  debris, necrotic debris, increased
nuclear/cytoplasmic ratio, regeneration, degenera-
tion, atrophy, enlarged nuclei, nuclear hyperchro-
masia, irregular nuclear membranes, oval nuclei,
mitotic figures, nuclear pleomorphism, nucleoli,
macronucleoli, finely granular chromatin, chro-
matin clearing, nuclear vacuoles, scant cellularity
and pseudostratified strips did not show any associ-
ation with squamous or glandular lesions.
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ENDOCERVICAL ADENOCARCINOMA IN PAP SMEAR

Table 4. The cytopathological diagnoses in the cohort!

NILM Glandular abnormality
AEC, NOS AEC-FN AIS AC
AC total N 95 27 29 2 4
Time' + SD  84.9 & 57.4 (0-229)  23.8 +29.4 (0-121) 4.2 & 104 (0-41) 0+ NA (NA) 0+ NA
(range) (NA)
Ac only n 53 17 16 1 4
Time' + SD  93.4 + 66.3 (0-229)  24.8 4+ 32.5 (0-121) 3.7+ 10.9 (041) 04+ NA(NA) 0+ NA
(range) (NA)
AC + LSIL/ n 42 10 13 1 0
HSIL Time' + SD 743 + 422 (12-170)  22.1 4+ 24.7 (0-69) 4.5 + 10.1 (0-25) 0 + NA (NA) NA
(range)
Squamous abnormality
ASC-US LSIL ASC-H HSIL
AC total n 27 6 10 13
Time' + SD 41.2 £ 38.2 (0-173) 20 £+ 17.2 (0-51) 8.7 £ 16.8 (0-48) 8.1 £ 15.6 (0-54)
(range)
Ac only n 16 0 4 5
Time' + SD 44.6 £ 44.5 (0-173) NA 16 + 24.0 (0-48) 13.8 + 23.4 (0-54)
(range)
AC + LSIL/ n 11 6 6 8
HSIL Time' + SD 36.3 + 25.4 (6-92) 20 + 17.2 (0-51) 6.5 £ 12.6 (0-30) 4.5 £+ 8.0 (0-22)
(range)

NA, not applicable.

IThe average time of cytological diagnosis in months before the histological confirmation of adenocarcinoma or adenocar-

cinoma in situ.

Even though no single cytomorphological fea-
ture could be associated specifically with adeno-
carcinoma or AIS, the pap smears of patients
with only EAC or AIS in histopathology were
signed out as a glandular neoplasia more than
twice as often as a squamous neoplasia (21 vs.
9), which means that 70% of the neoplastic diag-
noses given in this group were glandular
(Table 4). In the EAC/AIS + LSIL/HSIL - group,
41% of the neoplastic diagnosis given were glan-
dular (14 vs. 20) while in the HSIL-only group,
all the neoplastic diagnosis were squamous (0%
glandular, data not shown).

The same although slightly in favour to glandu-
lar diagnoses ascending trend was seen in the pap
smear samples taken within five years and during
the last 12 months before the histological diagnosis.
In the first mentioned group 71% of the neoplastic
diagnoses given were glandular (22 vs. 9) in samples
with AIS or EAC only in histology and 42% (11
vs. 15) in EAC/AIS + LSIL/HSIL —group
(Table 5). During the last 12 months before the his-
tological diagnosis, the corresponding figures were
76% (19 vs. 6) and 43% (10 vs. 13) (Table 5).

In the further analysis of the cytomorphological
features, the combination of palisading cell borders,
nuclear pleomorphism and the lack of single atypi-
cal cells were associated with EAC and AIS. An
analysis was made with pap smear samples taken a

year before the histological diagnosis and another
analysis with samples taken 5 years before the his-
tological diagnosis. In the 1-year-analysis, the OR
for palisading cell borders was 5.89 (95% CI 1.96—
17.70), the OR for nuclear pleomorphism 3.71
(95% CI 1.14-12.02) and the OR for the lack of
single atypical cells 10.76 (95% CI 1.20-59.50). The
corresponding p-values for the features were 0.002,
0.034 and 0.005.

In the analysis of the samples taken within the
preceding 5 years of the histological diagnosis, the
OR for palisading cell borders was 4.98 (95% CI
1.78-13.88), the OR for nuclear pleomorphism 3.24
(95% CI 1.09-9.62) and the OR for the lack of sin-
gle atypical cells 10.70 (95% CI 2.01-56.89). The
corresponding p-values for the features were 0.02,
0.34 and 0.05.

The earliest single neoplastic diagnosis in AEC/
AIS only group was HSIL, and it was given
54 months before the cancer diagnosis. The first
diagnosis of AEC, NOS, that with current guideli-
nes, would lead to colposcopy and histological sam-
pling immediately was signed out as early as
121 months before the diagnosis. Also in the AEC/
AIS + LSIL/HSIL- group, the earliest diagnosis
that nowadays would lead to histological sampling,
was AEC, NOS, and it was given 69 months before
diagnosis. The first neoplastic diagnosis in this lat-
ter group was LSIL seen in a sample 51 months
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PULKKINEN ET AL.

Table 5. The cytopathological diagnoses in the cohort 12 months before the cancer diagnosis (A) and 5 years before the

cancer diagnosis (B)'

NILM Glandular abnormality
AEC, NOS AEC,FN AIS AC
(A)
AC total n 7 13 23 2 4
Time' + SD 8.1 + 4.3 (0-12) 2.8 + 4.1 (0-12) 0.1 +0.4(0-2) 0+0(0) 0+0(0)
(range)
AC only n 4 9 14 1 4
Time' +£ SD 5.5 + 3.9 (0-9) 3.4 +£45(0-12) 0+0(0) 0+ NA (NA) 0=£0(0)
(range)
AC + LSIL/ n 3 4 9 1 0
HSIL Time' £ SD 11.7 £ 0.6 (11-12) 1.5 + 3.0 (0-6) 0.2 £ 0.7 (0-2) 0+ NA (NA) NA
(range)
(B)
AC total n 39 23 27 2 4
Time' + SD  33.8 + 18.0 (0-60)  11.8 + 13.8 (0-44) 6.2 & 14.8 (0-60) 0 = 0 (0) 0+ 0(0)
(range)
AC only n 19 15 17 1 4
Time' £ SD 302 + 19.1 (0-60)  11.7 + 14.6 (0-44) 7.0 = 17.3 (0-60) 0 = NA (NA) 0 £ 0 (0)
(range)
AC + LSIL/ n 20 8 10 1 0
HSIL Time' + SD  36.6 + 16.8 (11-59) 11.9 + 13.3 (0-38) 4.8 + 10.1 (0-25) 0 + NA (NA) NA
(range)
Squamous abnormality
ASC-US LSIL ASC-H HSIL
A)
AC total n 6 1 8 10
Time' 4+ SD (range) 4.5 + 5.3 (0-12) 0 £ NA (NA) 1.1 £3.2(0-9) 1.4 + 3.5 (0-11)
AC only n 4 0 3 3
Time' + SD (range) 2.25 + 4.5 (0-9) NA 0+ 0(0) 0+ 0(0)
AC + LSIL/ n 2 1 5 7
HSIL Time' 4+ SD (range) 9 + 4.2 (6-12) 0 £ NA (NA) 1.8 £ 4.0 (0-9) 23 +4.1(0-11)
(B)
AC total n 21 6 11 13
Time' + SD (range) 27.8 + 17.6 (0-60) 23.3 + 17.6 (0-51) 7.9 £ 16.1 (0-48) 8.1 + 15.6 (0-54)
AC only n 12 0 4 5

Time' 4+ SD (range) 25.2 + 17.3 (0-54)
AC + LSIL/ n 9
HSIL Time' 4+ SD (range) 30.7 + 19.6 (6-60)

NA

6

233 + 20.1 (0-51)

12.0 £ 24.0 (0-48) 13.8 £ 23.4 (0-54)
7 8

5.6 4+ 11.3(0-30) 4.5 + 8.0 (0-22)

NA, not applicable.

'Average time of cytological diagnosis in months before the histological confirmation of adenocarcinoma or adenocarci-

noma in situ.

before the histological diagnosis of endocervical
neoplasia.

DISCUSSION

In conclusion, although no single of the 38 cyto-
morphological features analysed could be associ-
ated specifically with EAC or AIS, the present
study showed, that pathologists are, in fact, often
able to differentiate neoplastic squamous lesions
from neoplastic glandular lesions in cytology. There
was not a single pap smear signed out with the
diagnosis of atypical endocervical cells, favour
neoplasticc, AIS or adenocarcinoma among

200
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histologically approved HSIL-only samples. Yet, in
the series there were significant glandular extension
of HSIL in 73% of the cases, which is known to be
a common cause of false positive glandular diagno-
sis (24). Furthermore, among patients with EAC or
AIS only in the final histology, the neoplastic diag-
nosis given was glandular in 70% of the cases.

In the further analysis of the cytomorphological
features, a combination of palisading cell borders,
nuclear pleomorphism and the lack of single atypi-
cal cells showed a positive association with EAC
and AIS in pap smear samples taken up to five
years before the histological diagnosis. A similar
finding of a combination of cytological features
predicting a positive finding in pap smears
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ENDOCERVICAL ADENOCARCINOMA IN PAP SMEAR

diagnosed as AEC, NOS was also previously
reported. In the study by Mariani et al. the combi-
nation of features included nuclear pleomorphism,
as in the present study. In addition, nuclear
enlargement, increased nuclear to cytoplasmic ratio
and cells occurring in sheets and strips with cell
crowding and nuclear overlap were described (25).
In the study by Conrad et al., abundant tumour
cellularity, nuclear size from 3 to 6 times normal,
abundant 3-dimensional tumour cell groups, round
cell shape and cytoplasmic neutrophils were
reported in cases correctly diagnosed as adenocarci-
noma in cytology (26).

In the present study, papillary groups and
rosettes were seen in HSIL samples a year before
the histological diagnosis. In a previous study by
Rabelo-Santos et al., (9) papillary groups were
reported to have a predictive value of 80 % for
glandular neoplasia. In a study by Burja et al., (10)
papillary groups were significantly associated with
AIS in comparison to benign glandular lesions but
did not differentiate AIS from squamous lesions. In
the association of HSIL involving endocervical
glands, round to oval clusters of abnormal cells
with slightly irregular to smooth cell borders were
described (27,28). Since there was a significant glan-
dular extension of HSIL in the majority of our
HSIL conizates, perhaps these were the cellular
clusters interpreted as papillary. According to the
Bethesda Criteria, papillary groups are not typical
for HSIL (7). Rosettes associated with necrosis in
HSIL extending into glands have been described
(24), but in general, rosettes are not considered as a
feature of HSIL involving glands (7,27-28).

In the studies with LBC samples cytologically
diagnosed as glandular neoplasia, the PPV for any
high-grade disease was reported to vary from
95.3% to 100% (29,30) and the PPV for endocervi-
cal neoplasia was reported to be 74.4% (29), which
are in the same range as the best results seen with
conventional pap smears.

In the study by Burnley et al., (29) LBC sam-
ples also showed higher PPVs in comparison to
conventional smears both for high-grade lesions in
general and also for endocervical malignancies,
although the differences were not significant. The
authors of the study described thin pseudostratified
strips as a feature of glandular lesions often seen
in LBC samples and also reported chromatin
abnormalities to be more easily recognized in LBC
samples.

Of the above studies by Conrad et al. and by
Mariani et al., (26,25) studies were based on LBC
samples. In the studies by Rabelo-Santos et al. and
Burja et al. (9,10) on conventional pap smears,
cytological features reported to be associated with

adenocarcinoma included pseudostratified strips,
rosettes, palisading borders and papillary groups.

In summary, pseudostratified strips seem to be a
feature recognized both in conventional and LBC
samples. The 3-dimensional tumour cell groups can
be interpreted as papillary groups and cells occur-
ring in sheets and strips with cell crowding and
nuclear overlap understood either as pseudostrati-
fied strips or fragments with palisading borders. In
general, features recognized in conventional smears
seem to be mainly architectural while in LBC sam-
ples also more cellular and nuclear features are
seen.

In 25.5% of the cases in this study, there was a
combined lesion of EAC or AIS and a squamous
intraepithelial lesion, which is expected since most
EACs and cervical squamous cell carcinomas share
the same high-risk HPV-related aetiology (31-33).

During the study period, there was a change in
the guidelines resulting in atypical glandular cells,
NOS in cytology being sent straight to colposcopy
(34). The colposcopy is known to have its limita-
tions in the diagnostics of endocervical malignan-
cies. Its sensitivity in detecting endocervical lesions
has been reported to be even as low as 9.8% and
the probability of significant lesion after a normal
colposcopy as high as 87.5% (35,36).

Combining HPV testing to cytological sampling
was shown to improve the diagnostic accuracy in
cases with atypical endocervical cells in cytology
and also to predict the outcome in conservatively
treated in situ cases better than the pap smear only
(36,37). Chen et al. reported a sensitivity of 91.0%
and a specificity of 91.2% in diagnosing high-grade
intraepithelial lesions and AIS or EAC among
women with atypical endocervical cells in cytology
and a positive high-risk HPV DNA result (37).
Importantly, the combination of these two tests
showed a high negative predictive value of 98.4%
for the same lesions. In the study by Costa et al.,
(36) the combination of Pap smear and HPV test
had a sensitivity of 90.0% and a negative predictive
value of 88.9% at the first follow-up visit among
patients treated for AIS by conization, and a sensi-
tivity of 100% and a negative predictive value of
100% at the second follow-up.

In our study, the samples with high-grade cyto-
logical features were placed in the right diagnostic
category according to the cell of origin in 100% of
the cases in the HSIL group and in 70% of the
cases in the EAC/AIS group. In the clinical prac-
tice, it can be argued that it does not matter
whether the neoplastic cells are deemed of squa-
mous or glandular origin as long as the patient is
sent to a colposcopy. Recognizing and reporting
atypical glandular cells, though, could guide the
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colposcopist to specifically pay attention to the
endocervical canal and lead to endocervical curet-
tings and perhaps to an earlier diagnosis.

In our study, AEC, NOS was reported in 17 pap
smears among patients with EAC/AIS only in the
final histology and in 5 pap smears among patients
with HSIL only in the final histology. The time
range for those diagnoses varied from 121 months
before the histological cancer diagnosis to the diag-
nostic ‘0 months’ samples. Since before the change
in the guidelines this diagnosis of AEC, NOS led
only to a control pap smear sample instead of a
colposcopy, it can only be speculated which of
these prediagnostic pap smears already harboured a
significant clinical lesion. Nevertheless, considering
this very wide time range of presentation and also
the above described challenges in this cytological
diagnostic group, it would seem sensible with cur-
rent guidelines, to accompany a pap smear with
atypical glandular cells, NOS with a reflex HPV
testing to avoid unnecessary procedures. On the
other hand, among older women a large proportion
of malignancies behind cytological glandular abnor-
malities are of endometrial origin, and in their diag-
nostics, HPV testing is not helpful (12-14).

As mentioned earlier, in Finland, there is a
national screening programme for cervical cancer
including women between ages of 30 and 60 and, in
some municipalities, also women aged 25 and/or
65 years (2). Yet, of all the pap smear samples
taken for screening purposes, only 40% were sam-
ples taken in the organized programme resulting in
opportunistic screening accounting for 71% of the
total screening costs annually (3). Since 55% of the
EAC/ALIS cases in the present study were diagnosed
by clinical samples, of which only 11% were taken
because of a patient-reported symptom, it is clear
that screening is necessary in order to diagnose the
endocervical glandular malignancies when they still
are curable. Based on the previous studies from
Finland, a national organized screening programme
seems to be the most cost-effective way to do the
screening (3,38).

IK was supported by VIR grant.
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Abstract

Introduction: Although the cytological diagnostic criteria
for cervical squamous and glandular lesions are established
by the Bethesda System for Reporting Cervical Cytology, the
reproducibility of the diagnosis of these lesions has been
shown to be variable in previous studies. At best, occasional
good kappa (k) values were reached both inter- and intra-
observerly. Generally, consensus on high-grade lesions has
been better compared to milder changes. Methods: Alto-
gether, 167 conventional Pap smears from 50 patients with
histologically confirmed endocervical adenocarcinomas
(EAC) and adenocarcinomas in situ (AIS) and from 28 pa-
tients with histologically proven high-grade intraepithelial
lesions were analyzed by four cytopathologists. Twenty of
the smears were later re-evaluated by the same cytopatholo-
gists. k-values between cytopathologists in the categories of
squamous versus glandular, negative for intraepithelial le-
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sion or malignancy (NILM), atypical, and preneoplastic/neo-
plastic were calculated. The diagnostic Pap smears of EAC
and AIS with best and worst consensus between observers
were then morphologically analyzed. Results: The reproduc-
ibility ranged from poor to substantial. The overall k-values
between the four cytopathologists were 0.412, 0.314, 0.272,
and 0.082, respectively, in the categories of preneoplastic/
neoplastic, squamous versus glandular, NILM, and atypical.
Overall intra-observer k-values were correspondingly 0.491,
0.616, 0.345, and 0.241. In the diagnostic smears of AIS and
EAC, the nuclear size >2 times the normal and nuclear pleo-
morphism were the commonest features associated with
good diagnostic consensus and the lack of nuclear enlarge-
ment and degenerative changes were associated with poor
consensus. Conclusions: The reproducibility of preneopla-
sia/neoplasia diagnoses was better than that of atypia and
NILM both in the inter- and intra-observer part in this study.
In the smears from AlS and EAC patients, general neoplasia-
associated features were more common in samples with
good agreement by the four cytopathologists of the neo-
plastic nature and the endocervical origin of the lesion.
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Introduction

The cervical cytology-based screening programs have
been efficient in reducing cervical cancer mortality [1].
The diagnostic cytopathological criteria for both squa-
mous and glandular lesions are well described in the
Bethesda System for Reporting Cervical Cytology (TB-
SRCC) [2-4]. Nevertheless, in practice, separating atypi-
cal endocervical cells from atypical squamous cells as well
as from atypical endometrial cells in preneoplastic/neo-
plastic and non-neoplastic conditions can be challenging
[5-7].

The reproducibility of the cytological diagnoses has
been low in most previous studies, regarding both in-
terobserver and intra-observer variability [8-11]. The
level of agreement was better in diagnosing the more se-
vere lesions, both squamous and glandular, but milder
cellular changes have been a common cause of misinter-
pretation [9, 10, 12]. Importantly, mild cellular changes
are more likely to be missed leading to a lack of appropri-
ate follow-up, giving the precursor lesions a chance to
develop into an invasive carcinoma.

The aim of this study was to evaluate inter- and intra-
observer reproducibility in the categories of NILM, atyp-
ical, and preneoplastic/neoplastic endocervical cells and
in the category of squamous versus endocervical cells. In
addition, we focused on the samples with the highest and
the lowest concordances to find morphological features
that they have in common and those that can tell them
apart.

Materials and Methods

A randomly selected subset of 167 conventional Pap smear
slides from a previously analyzed cohort from the Pathology de-
partment of Fimlab Laboratories Oy was studied [13]. The slides
represented Pap smears from 27 patients with endocervical adeno-
carcinomas (EAC), 23 patients with adenocarcinomas in situ
(AIS), and 28 patients with high-grade squamous lesions (HSIL).
All the diagnoses had been histologically confirmed.

In Finland, the conventional Pap smear is still the main method
used in cervical cytology. No liquid-based Pap tests are included in
this study.

The Pap tests were from the years 1994 to 2014. Altogether 10
of the Pap tests were taken during the 1990s, 71 of the Pap tests
between the years 2000 and 2009, and 86 of the Pap tests after the
year 2010. The slides represented samples from 50 patients with
EAC or AIS and 28 patients with histological HSIL. The diagnoses
were histologically confirmed either by conization or by hysterec-
tomy, except for one inoperable adenocarcinoma case with a bi-
opsy diagnosis only.

Endocervical Observer Variability

Table 1. Number of diagnoses given in routine practice and in the
interobserver part of the study

Routine practice Observers 1-4

NILM 67 126
ASC-US 16 40
LSIL 8 21
ASC-H 1 24
HSIL 21 51
SCC 0 3
AEC-NOS or AGC-NOS 18 131
AEC-FN 12 107
AlS 2 58
EAC 0 35
Other* 0 6
ASC-US + AEC-NOS 2 13
ASC-US + AEC-FN 0 1
ASC-US + AIS 0 2
LSIL + AEC-NOS 1 5
LSIL + AIS 0 1
ASC-H + AEC-NOS 2 5
ASC-H + AEC-FN 3 2
ASC-H + EAC 0 1
ASC-H + other 0 1
HSIL + AEC-NOS 2 1
HSIL + AEC-FN 1 19
HSIL + AIS 0 3
SCC + AEC-NOS 0 2
Endometrial adenocarcinoma 1 0
Total 167 668

NILM, negative for intraepithelial lesion or malignancy; ASC-US,
atypical squamous cells, undetermined significance; LSIL, low-
grade intraepithelial lesion; ASC-H, atypical squamous cells, cannot
exclude an HSIL; HSIL, high-grade intraepithelial lesion; SSC,
squamous cell carcinoma; AEC-NOS, atypical endocervical cells,
NOS; AGC-NOS, atypical glandular cells, NOS; AEC-FN, atypical
endocervical cells, favor neoplastic; AlS, adenocarcinoma in situ;
EAC, endocervical adenocarcinoma. * Diagnoses not specified by
the observes.

The original diagnoses of the samples are summarized in Ta-
ble 1. All the Pap smear slides were re-analyzed by four senior cy-
topathologists with a Pap smear diagnostics experience of >30
years (n = 3) and >20 years (n = 1). The cytopathologists repre-
sented three different institutions located in three different health
care districts. Three of the cytopathologists were university-based
pathology department representatives and one was a regional hos-
pital pathologist.

The cytopathologists re-analyzed the Pap smears individually
and without knowledge of the original diagnoses of the samples or
their corresponding histological diagnoses. The cytopathologists
knew they were participating in a study concerning cervical malig-
nancies, but they were not provided any clinical information along
with the slides. One of the cytopathologists was involved in the
study design and knew the total number of the final histological
diagnoses. All diagnoses were given using TBSRCC 2014 [2-4].
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In the statistical analyses, the original diagnosis was marked as
observer 0 and the four cytopathologists were each named corre-
spondingly as observer 1, observer 2, observer 3, and observer 4.
Observer 1 was the observer involved in the study design. Kappa
(k) values for each of the four pairs of observers were calculated in
four categories: (1) to find out the level of agreement on whether
the lesion is squamous or glandular, (2) to find out the level of
agreement on samples that are NILM (TBSRCC category negative
for intraepithelial lesion or malignancy), (3) to find out the level of
agreement on what is atypical only (TBSRCC categories: atypical
squamous cells, undetermined significance [ASC-US], atypical en-
docervical cells, NOS [AEC-NOS], and atypical glandular cells,
NOS [AGC-NOS]), and finally (4) to find out the level of agree-
ment on what is preneoplastic/neoplastic or not (TBSRCC catego-
ries: low-grade squamous intraepithelial lesion [LSIL], high-grade
squamous intraepithelial lesion [HSIL], atypical squamous cells,
cannot exclude an HSIL [ASC-H], atypical endocervical cells, fa-
vor neoplastic [AEC-FN], adenocarcinoma in situ [AIS], and en-
docervical adenocarcinoma [EAC]).

The subgrouping was based on the national treatment protocol
in Finland during the time of the study design. The lesions with the
same clinical follow-up or intervention level were grouped togeth-
er [14]. Briefly, there was a follow-up strategy with new Pap smear
tests in the atypical categories and a colposcopy referral in the pre-
neoplastic/neoplastic categories. Now, according to the national
guidelines, diagnoses AEC-NOS and AGC-NOS all lead to colpos-
copy, to a gynecologic ultrasound, to a high-risk HPV test, and to
arepeated Pap test. Also, the cases with repeated ASC-US in wom-
en over 30 years are now routinely tested for high-risk HPV infec-
tion [14]. The strength of association was defined as proposed by
Landis and Koch: 1 for perfect agreement, 0.81-0.99 for almost
perfect agreement, 0.61-0.80 for substantial agreement, 0.41-0.60
for moderate agreement, 0.21-0.40 for fair agreement, 0-0.20
slight agreement, and <0 poor agreement [15].

To perform an intra-observer analysis, 20 smears from the 167
samples analyzed in the first round were selected for an intra-ob-
server re-evaluation. The chosen samples consisted partly of sam-
ples with an agreement of three observers in the first round (n =
12) and partly of samples with disagreement of all five observers in
the first round (n = 8). These 20 smears included eight smears from
AIS or adenocarcinoma-only patients as diagnosed in the final his-
tology, six smears from adenocarcinoma or AIS and HSIL patients
as diagnosed in the final histology, and of six smears from patients
with HSIL only in the final histology. The twenty samples were
once again blindly and independently re-analyzed by the four cy-
topathologists and the k-values were calculated for each observer
as described above.

From the original 167 Pap smear slides, all the slides of patients
with EAC or AIS only in the final histology were retrieved togeth-
er with diagnostic samples with agreement of >3 observers (n = 8)
and the diagnostic samples with disagreement of >3 observers (n
= 14) for further descriptive morphological analysis. The statistical
analyses were performed by with SPSS program, version 25 (IBM
SPSS Statistics for Windows, Version 25.0: IBM Corp., Armonk,
NY, USA)

The study was approved by the Ethical committee of Pirkan-
maa Health Care District (R16022) without informed consent of
each individual. The study was conducted according to the Decla-
ration of Helsinki.
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Table 2. Agreement of three observers

=z
o

Diagnosis

NILM
ASC-US
LSIL

HSIL
ASC-H
AEC-NOS
AEC-FN
AlS

EAC

o

OWN=—=0NUVIWNMNW

N

NILM, negative for intraepithelial lesion or malignancy; ASC-US,
atypical squamous cells, undetermined significance; LSIL, low-
grade intraepithelial lesion; ASC-H, atypical squamous cells, cannot
exclude an HSIL; HSIL, high-grade intraepithelial lesion; AEC-NOS,
atypical endocervical cells, NOS; AEC-FN, atypical endocervical cells,
favor neoplastic; AlS, adenocarcinoma in situ; EAC, endocervical
adenocarcinoma.

Results

The patients in the adenocarcinoma group were aged
from 22 to 83 years with a mean age of 43.1 (SD = 14.4)
years, and the patients in the HSIL group were 21 to 54
years old with a mean age of 36.3 (10.1) years. The mean
age of all patients included in the study was 40.7 (13.1)
years. Some of the Pap smears in the study were cytolog-
ically preneoplastic or neoplastic and were taken at the
time of the histological confirmation of the malignancy.
Others were older smears and represented cytological di-
agnoses of NILM, ASC-US, and AEC-NOS. On average,
the Pap smears included in the study were taken 0-104
months (mean 26.2 (31.3) months) before the histological
diagnosis of a malignancy was made.

The diagnoses given by observers 1-4 are listed in the
Table 1. Out of the 167 analyzed samples, agreement of
three observers was reached in 82 (46.5%) of the cases,
nearly half of them (39/82, 47.5%) representing samples
diagnosed as NILM (Table 2). If in the patient group with
both squamous and glandular diagnoses, only one of
them was taken into account and the number of samples
with agreement of three observers reached 104/167
(62.3%) cases (data not shown). The best k-values be-
tween observer pairs in this study were achieved in recog-
nizing squamous and glandular features (Table 3). All the
k-values among observers 0, 2, 3, and 4 were above 0.503,
with the highest value being 0.689 between observers 2
and 3.
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Table 3. The kappa values between the observers in the categories of recognizing negative, atypical, and
preneoplastic/neoplastic samples and differentiating between squamous and glandular features

Observer 1 Observer 2 Observer 3 Observer 4 Overall k
Kappa values between observer pairs in recognizing NILM samples
Observer 0 -0.018 0.633 0.357 0.444
Observer 1 - 0.036 0.035 —-0.047 0272
Observer 2 - - 0.474 0.469 ’
Observer 3 - - - 0.159
Kappa values between observer pairs in recognizing atypia*
Observer 0 —-0.050 0.203 —0.088 0.169
Observer 1 - 0.072 0.200 0.080 0.082
Observer 2 - - 0.092 0.259 ’
Observer 3 - - - —-0.037
Kappa values between observer pairs in recognizing preneoplasia/neoplasia**
Observer 0 0.229 0.456 0.400 0.379
Observer 1 - 0.376 0.356 0.351 0412
Observer 2 - - 0.483 0.536 :
Observer 3 - - - 0.496

Kappa values between observer pairs in differentiating atypical or preneoplastic/neoplastic squamous

and glandular features

Observer 0 -0.073
Observer 1 -
Observer 2 -
Observer 3 -

0.503 0.620 0.613
-0.062 -0.027 0.052
- 0.689 0.631 0.314
- B 0.664

ASC-US, atypical squamous cells, undetermined significance; LSIL, low-grade intraepithelial lesion; ASC-H,
atypical squamous cells, cannot exclude an HSIL; HSIL, high-grade intraepithelial lesion; AEC-NOS, atypical
endocervical cells, NOS; AGC-NOS, atypical glandular cells, NOS; AEC-FN, atypical endocervical cells, favor neoplastic;
AlS, adenocarcinoma in situ; EAC, endocervical adenocarcinoma. *Includes diagnoses ASC-US, AEC-NOS, and AGC-
NOS. **Includes diagnoses LSIL, HSIL, ASC-H, AEC-FN, AIS, and EAC.

The least dispersion among the k-values between the
observer pairs was seen in the category of recognizing
preneoplasia/neoplasia with an overall k-value of 0.401,
which was also the highest overall k-value reached in the
interobserver part of the study (Table 3). The highest
k-value in this category was 0.536 between observers 2
and 3. Four pairs of observers reached x-values varying
from 0.400 to 0.496 and another four values varying from
0.351 to 0.379.

In the category of samples considered to be NILM, the
best and only k-value above 0.500 was 0.633 between observ-
ers 0 and 2 (Table 3). Only 3 observer pairs reached k-values
above 0.4 and the overall k-value was only 0.272. In the cat-
egory of atypia only (ASC-US, AEC-NOS and AGC-NOS),
the diagnostic reproducibility turned out to be poor with the
highest k-value in this group being 0.259 between observers
2 and 4 and the overall k-value of only 0.082.

The highest k-values ranging from 0.581 to 0.696 were
reached in differentiating squamous and glandular fea-

Endocervical Observer Variability

tures in the intra-observer part of this study (Table 4).
The only substantial overall k-value of 0.616 in the study
was also reached in this category. Reproducibility of rec-
ognizing preneoplasia/neoplasia ranged from moderate
to substantial with k-values from 0.300 to 0.625 and an
overall moderate k-value of 0.491. The overall k value for
samples diagnosed as NILM was 0.345 and for atypical
samples 0.241.

In the further analysis of the diagnostic Pap smear
samples from patients with EAC or AIS only in the final
histology, consensus diagnosis of >3 observers was
reached in 35/40 (87.5%) of the smears. All the diagnoses
given by the observers were neoplastic (AEC-FN, or HSIL
or worse among them). In all, 37/40 (92.5%) of the diag-
noses were of glandular origin and 3/40 (7.5%) of squa-
mous origin. All the consensus diagnoses of 23 in this
group were glandular and AEC-FN or worse. No samples
were considered NILM. No combinations of squamous
and glandular diagnoses were given.
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>1 architechtural features
>3 architechtural features
Nuclear size > 2 times normal

Nuclear pleomorphism

Crowded fragments with scant cellular cytoplasm and nuclear
stratification

Elongated, oval-shaped nuclei
Single atypical cells
Scant amount of atypical cells

No nuclear enlargment

Nuclear hyperchromasia

Degnerative changes

>1 obsurcing feature

r T T T T T T T

0 10 20 30 40 50 60 70 80 90 100

B Agreement of > 3 obervers, % M Disagreement of > 3 obervers, %

Fig. 1. Cytomorphological features among diagnostic Pap smears of histologically confirmed EAC and AIS cases
with diagnostic agreement of >3 observers and disagreement >3 observers. *Architectural features include ro-
settes, feathering, palisading cell borders, and papillary groups.

Table 4. The intra-observer kappa values
General NILM Atypical* Preneoplastic/ Sq/

neoplastic** glandular
Observer 1 0.045 0.000 0.043 0.300 0.598
Observer 2 0.480 0.412 0.524 0.615 0.581
Observer 3 0.328 0.444 0.216 0.625 0.636
Observer 4 0.178 0.385 -0.087 0.400 0.696
Overall 0.269 0.345 0.241 0.491 0.616

ASC-US, atypical squamous cells, undetermined significance; LSIL, low-grade
intraepithelial lesion; ASC-H, atypical squamous cells, cannot exclude an HSIL; HSIL, high-
grade intraepithelial lesion; AEC-NOS, atypical endocervical cells, NOS; AGC-NOS, atypical
glandular cells, NOS; AEC-FN, atypical endocervical cells, favor neoplastic; AlS,
adenocarcinoma in situ; EAC, endocervical adenocarcinoma. * Includes diagnoses ASC-US,
AEC-NOS, and AGC-NOS. ** Includes diagnoses LSIL, HSIL, ASC-H, AEC-FN, AIS, and EAC.
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Fig. 2. a, b Representation of the diagnostic Pap smear of an inva-
sive adenocarcinoma case with agreement of >3 observers. The
sample was abundant with crowded fragments with scant cellular
cytoplasm and nuclear stratification. a An endocervical glandular
fragment showing feathering and rosettes (with elongated nuclei).
b The diagnoses given by the observers were three times AIS, EAC,
and AEC-FN. ¢ Representation of the diagnostic Pap smear of an

Among the diagnostic samples with disagreement of
>3 observers, a combination of squamous and glandular
diagnoses was seen in 16/70 (22.9%) of the smears. A
glandular diagnosis only was given in 42/70 (60.0%) of
the smears, a squamous diagnosis in 10/70 (14.3%) of the
smears, and in addition, 2/70 (2.9%) of the smears were
considered NILM. When combination diagnoses and
cases diagnosed as ASC-H were included in the calcula-
tions, 58/70 (82.9%) of the diagnoses were neoplastic.

The cytomorphological features observed in the de-
scriptive analysis of the smears are shown in Figure 1.
Among the smears with agreement of >3 observers, at
least focally enlarged nuclei were seen in all smears. A
substantial number of cells with markedly (>2 x normal
size) enlarged nuclei were seen in 87.5% (7/8) of the
smears (shown in Fig. 1). Nuclear pleomorphism was ob-
served in 75% (6/8) of the smears and crowded fragments
with scant cellular cytoplasm and nuclear stratification
were seen in 62.5% (5/8) of the smears. On the other hand,
elongated, oval-shaped nuclei were encountered in 2/8
(25%) smears.

Among smears with disagreement of >3 observers,
there was only one of the 14 smears (7.1%) with a substan-
tial number of cells with markedly enlarged nuclei. In
57.1% (8/14) of the smears only focal or mild (<2 x nor-
mal size) nuclear enlargement was seen. In five of the 14
(35.7%) smears no nuclear enlargement was observed at
all. In three of those cases there was nuclear hyperchro-
masia and the other two presented with degenerative
changes. Nuclear pleomorphism or elongated, oval-
shaped nuclei were not seen among samples with dis-

Endocervical Observer Variability

\S*‘ v

; A .
c e o

invasive adenocarcinoma case with disagreement of >3 observers
showing only a few clusters of cells with degenerated nuclei. Nu-
clear enlargement >2 times the normal size was seen. All observers
agreed on the neoplastic nature of the lesion but there was no con-
sensus on the cellular origin. The diagnoses given were ASC-H +
AEC-EN, two times AEC, FN, HSIL, and HSIL + AEC-FN.

agreement of 23. Crowded fragments with scant cellular
cytoplasm and nuclear stratification were encountered in
37.5% (5/14) of the smears.

Degenerative changes were more common in Pap
smears with disagreement of >3 observers than in sam-
ples with an agreement of >3 observers (62.5% vs. 25%)
(shown in Fig. 2). In the first group there was at least one
significant background or cellular feature (blood, inflam-
mation, regeneration, degeneration) interfering with the
interpretation in 71.4% (10/14) of the samples. In the lat-
ter group, obscuring features were seen in 50% (4/8) of
the smears. Also, the number of atypical cells was slightly
more often scant in the group of disagreement of >3 ob-
servers in comparison to the group of an agreement of >3
observers (35.7% vs. 25%).

Atleast one of the architectural features previously de-
scribed to be associated with EAC or AIS (rosettes, feath-
ering, palisading cell borders, papillary groups) [16, 17]
was seen in all (8/8) of the smears among the smears with
agreement of >3 observers and in 71.4% (10/14) of the
smears with disagreement of >3 observers. The corre-
sponding figures for three or more architectural features
for each group were 62.5% (5/8) and 57.1% (8/14).

Discussion

In TBSRCC, in addition to the diagnoses “Insufficient”
and “NILM,” there are five different diagnoses in the
squamous cell category and altogether 10 different diag-
noses in the glandular cell category [2-4]. In routine prac-
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tice, the combinations of squamous and glandular diag-
noses are common resulting into an even larger pool of
diagnostic possibilities.

In the present study, 26 different diagnoses or combi-
nations of diagnoses are given (Table 1). For the statistical
analyses, all the components of the diagnoses had to
match exactly to be considered equal. In the BIRST study,
the exact agreement of participants with the panel was
55.1%, but the agreement improved to 82.3% at the level
of Negative versus non-Negative [18]. In the BIRST-2
study, the respondents agreed with the panel in 62.8% of
the cases. In this study, the agreement on samples with
NILM and on the samples in the squamous cell categories
form ASC-US to SCC was relatively good and varied from
60% to 86%. Yet, in the category of glandular atypia agree-
ment of only 33% was reached [19]. In the present study,
the exact agreement was reached only in 47.5% of the
smears. In comparison to some previously published
studies, with fewer diagnostic categories given to choose
from [8,9, 11, 12], the amount of diagnostic options itself
can be considered as partially responsible for the diagnos-
tic diversity observed in this study.

However, in comparison to some previous studies [11,
20], the cytological squamous and glandular features
were recognized surprisingly well with five out of ten ob-
server pairs reaching substantial k-values of 0.613 and
above in this category in our study. Also, in the intra-ob-
server part of the study half of the observers reached sub-
stantial k-values in the category with an overall k-value of
0.616. The variation between the observer pairs in our
study was a lot larger than in the abovementioned previ-
ous studies, though, with three negative k-values leading
to an only fair overall k-value of 0.314, which is in accor-
dance with ranges reported earlier by Niu et al. [21].

Interestingly, in the study by Moreira et al. [20] the in-
terobserver agreement recognizing glandular features
was very similar in both conventional and liquid-based
cytology (LBC) samples [20], although in LBC prepara-
tions the cellular features are presumed to be more easily
recognizable and the artifacts interfering with the inter-
pretation of features fewer in comparison to the conven-
tional smears. Moreira et al. reported k-values between
0.27 and 0.61 in conventional Pap smear samples and
k-values between 0.18 and 0.70 in LBC samples. In LBC
samples 0.70 was the only k-value between the observer
pairs, which was above 0.45 [20]. It is worth mentioning
that in that study, the materials for the LBC and conven-
tional samples were collected sequentially instead of us-
ing only residual material of the conventional smears for
preparing the LBC slides [20].
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On the other hand, in the study by Lee et al. [10] the
k-values between the observer pairs were slightly higher
in LBC samples compared to the conventional smears in
recognizing glandular atypia and high-grade lesions in
general. In LBC samples, the corresponding k-values
ranged from 0.13 to 0.36 and from 0.34 to 0.58 and in
conventional smears, respectively, from 0.08 to 0.28 and
from 0.21 to 0.51 [10].

In the present study, the results are very similar to ones
reported by Lee et al. [10] and Lepe et al. [11] in the pre-
neoplastic/neoplastic category. The agreement among
the observers was moderate with the overall k-value of
0.412 and the variation of k-values between the observer
pairs ranging from 0.229 to 0.536. In the intra-observer
part of the study, two of the observers reached substantial
k-values, but the overall k-value was only a moderate
0.491. The highest interobserver k-value in this category
was 0.67 reported by Niu et al. [21] in the study of patients
with AIS in histology and their Pap smear samples from
the year preceding the histological diagnosis. In the set-
ting of LSIL versus HSIL, Joste et al. [12] reported in-
terobserver k-values from 0.40 to 0.63 and substantial in-
tra-observer k-values from 0.63 to 0.74 for high-grade le-
sions.

In our study, the samples diagnosed as ASC-US, AEC-
NOS or AGC-NOS were grouped together since during
the study design according to the Finnish national guide-
lines these diagnoses led only to a control Pap smear in-
stead of colposcopy and histological sampling. It is worth
noticing that, even with the current guidelines, the Finn-
ish follow-up and treatment protocols for Pap smears
with atypical glandular cells differ from the treatment al-
gorithms applied in the USA right now [22]. The agree-
ment between observers in this category was poor with an
overall k-value of only 0.082. The variation of k-values
from —0.088 to 0.259 was slightly worse than that report-
ed by Lee et al. [10] on atypical glandular cells in conven-
tional smears. In this category, the intra-observer overall
k-value in the present study was also only a fair 0.241.

In the category of NILM samples, the overall k-value
was a fair 0.272 in the interobserver part of the study with
large variation between the observer pairs from two neg-
ative values to one substantial value of 0.633. The overall
k-value in the present study was lower than the 0.370 pre-
viously reported by Simsir et al. [8] and the 0.46 reported
by Confortini et al. [9]. In the intra-observer part of the
study, two of the observers reached moderate k-values of
0.41 and 0.44 but the overall k-value was only a fair 0.345.

Very similar results have been observed with supposed
“gold standard” cervical histological samples. The repro-
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ducibility between pathologists in previous studies based
on hematoxylin and eosin slides alone was only fair with
average k-values ranging from 0.30 to 0.358 in the in-
terobserver studies [23-25]. The agreement among ob-
servers was progressively better on cervical intraepithe-
lial lesion grade 3 (x = 0.496) and invasive cancer (k =
0.832) compared to cervical intraepithelial lesion grades
1 (k=0.172) and 2 (x = 0.175) [22]. In the intra-observer
part of the study by McCluggage et al. [23], a moderate
k-value of 0.47 was reached. Also, in the interobserver
study by Sellors et al. [26] in which the macroscopic char-
acteristics of atypical transformation zone were assessed
on colpophotographs, the agreement between colposco-
pists varied from poor to good depending on the feature
in question. Thus, at all levels of diagnostics on cervical
lesions, the interobserver variability must be reckoned
with.

The variation in diagnostic reproducibility is not
unique for cervical samples, though. Very similar results
ranging from only fair to moderate agreement between
observers was reported for other organs, including cyto-
logical diagnoses. For example, in the fine-needle aspira-
tions of salivary glands and breast, the overall k-values
have been reported to be 0.314 and 0.50 and the variation
of values, respectively, from 0.091 to 0.539 and from 0.41
to 0.62 [27, 28].

Concerning the cervical cytological samples, the most
important thing, though, is to find the patients requiring
immediate treatment or intensive follow-up and to sepa-
rate the women requiring a follow-up from those who do
not. In that sense, it does not matter if an atypia or a
prenoplastic/neoplastic finding in cytology is named a
squamous or a glandular lesion if the follow-up is the
same. Recognizing glandular atypia, though, guides the
colposcopist to pay special attention to the endocervical
canal and its sampling. Keeping the goals of cervical cy-
tological sampling in mind, it is also reassuring that the
preneoplastic/neoplastic features are the features cytopa-
thologists have the best overall consensus on. The NILM
samples and the diagnoses in the atypical group are prob-
lematic and the low reproducibility in these categories
probably leads to some unnecessary follow-up and diag-
nostic procedures and maybe also to some missed malig-
nancies.

As mentioned earlier, now a cytological AEC-NOS or
AGC-NOS in all age groups and a repeated ASC-US in
women over 30 years in Finland leads to a high-risk HPV
test, which is helpful in the risk stratification and manage-
ment of these patients. Of course, there is also the p16/
Ki67 dual stain available for the LBC samples, the use of

Endocervical Observer Variability

which has shown to lead to a higher consensus and a bet-
ter specificity on samples with an outcome of HSIL or
worse [29, 30]. The high-risk HPV test as an additional
tool is already widely used in clinical practice and the use
of special stains will probably become more common
when transition from conventional smears to LBC sam-
pling is finalized.

In the morphological analysis of the diagnostic Pap
smears from EAC and AIS patients with a good and a
poor consensus between the observers, degeneration was
one of the two most common features obscuring the di-
agnosis. It was seen in 62.5% of the smears with poor con-
sensus and in only 25% of the smears with good consen-
sus. The lack of enlarged nuclei was encountered in 37.5%
of the smears with poor consensus and in none of the
smears with good consensus.

Nuclear size >2 times the normal and nuclear pleo-
morphism were the most common features observed in
smears correctly diagnosed as a glandular neoplasia with
good agreement on the specific diagnosis among observ-
ers. In addition, crowded fragments with scant cellular
cytoplasm and at least one architectural feature (rosettes,
feathering, palisading cell borders, papillary groups) were
more commonly encountered among samples with good
diagnostic consensus. Marked nuclear enlargement and
nuclear pleomorphism were a combination of features as-
sociated with adenocarcinoma and AIS also in previous
studies [13, 31, 32]. Similar features of increased nuclear
to cytoplasmic ratio and cells occurring in sheets and
strips with cell crowding and nuclear overlap have also
earlier been described [31].

This study consisted of conventional Pap smears only.
Some of the samples were old with suboptimal preserva-
tion possibly interfering with the evaluation of cytological
features. There was also an unfortunate change in the na-
tional guidelines during the study, which produced dif-
ficulties in grouping the Pap smears according to their
Bethesda diagnoses and their clinical management. Dur-
ing the first years of the study, all the “glandular atypia,
not otherwise specified” patients were treated with a con-
trol Pap smear only, but during the last years with a col-
poscopy. Thus, we had no cytological referee diagnoses,
which would have been beneficial for the comparisons,
but instead we used the majority diagnoses of three ob-
servers.

One of the observers in the study constantly agreed less
with the others. The observer was the one involved in the
study design. The observer knew that the smears with AIS
and EAC were overrepresented in the final histology
compared to the smears with HSIL. In addition, the ob-
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server knew there were no samples with a negative final
histology included. The knowledge might have influ-
enced the observer’s interpretation of cytological features
in favor of glandular diagnoses and in favor of malignan-
cies. Despite the reason behind the lack of agreement, this
result is a good reminder of the fact that maintaining an
adequate level of skills in the Pap diagnostics requires
constant surveillance and that even competent, experi-
enced pathologists can shift in their standards.

In conclusion, the diagnostic reproducibility through-
out the diagnostic categories in cervical cytology is vari-
able and, at its best, only occasional substantial k-values
are reached. The agreement on high-grade lesions is gen-
erally better than on milder changes and negative sam-
ples. Mostly, the agreement on endocervical glandular cy-
tological features is only modest compared to the agree-
ment on squamous differentiation, although the
individual cytopathologists seem to have a relatively con-
sistent approach to this differential diagnosis. Maybe we
are aided in the future by artificial intelligence to reach
higher k-values.

The cytological features in Pap smears that lead to
good or poor consensus among pathologists have been
previously investigated very little. In the present study,
we could show that the general neoplasia-associated
features of marked nuclear enlargement and nuclear
pleomorphism are more commonly encountered in
EAC and AIS smears with good consensus on the neo-
plastic nature and the endocervical glandular origin of
the lesion. Also at least one of the architectural features
(rosettes, feathering, palisading cell borders, papillary
groups), which are among the most important features
differentiating glandular lesions from the squamous,
was more commonly seen in these samples. We also
showed that the most common features in the smears
obscuring the diagnosis of endocervical glandular neo-
plasia are degeneration and the lack of enlarged nuclei.
These are the features that should be emphasized in fu-
ture educational programs.
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Abstract: Most endocervical adenocarcinomas (EAC) are associated with high-risk HPV (hrHPV)
infection, with HPV genotypes 16, 18 and 45 accounting for >90% of the cases. Among endocervical
glandular lesions, screening with hrHPV test has previously shown to predict the outcome better than
cytology, although around one-fifth of the EAC remain negative both in hrHPV testing and cytology.
The study consists of two consecutive HPV-primary screening rounds, conducted in 2012-2015 and
2017-2020. Of the 87 women aged 35 to 60 years of age diagnosed with Atypical endocervical cells,
NOS or Atypical endocervical cells, favor neoplastic cytology during the first screening round, 63
(72.4%) were hrHPV positive and 24 (27.6%) were hrHPV negative. Among hrHPV positive patients,
three EAC, two adenocarcinomas in situ (AIS), one AIS + high-grade intraepithelial lesion (HSIL) and
13 HSIL were found. Of the histologically verified lesions, 68.4% (13/19) were purely of squamous
origin. All the EAC and AIS were HPV16 or HPV 18 positive. No high-grade histological lesions
were found among the hrHPV negative patients with cytological glandular atypia. A later database
search revealed one HPV-negative, gastric-type mucinous EAC that was missed by the HPV primary
screening.

Keywords: HPV; screening; cytology; endocervical adenocarcinoma; adenocarcinoma in situ; atypical
endocervical cells

1. Introduction

In Finland, national cervical cancer screening has been organized since the 1960s.
Women from the age of 30 to the age of 60 are invited to participate every fifth year, and
in some municipalities 25- and 65-year-olds are also included. Since the beginning of the
organized screening, the number of cervical cancer deaths in Finland has decreased to
one-fifth of its original number [1]. Nowadays, Finland is among the European countries
with the lowest rates of cervical cancer incidence [2].

Traditionally, the conventional Pap smear has been the primary test. In 2012, the
city of Tampere, and later all municipalities in Pirkanmaa region, started HPV primary
screening with high-risk HPV (hrHPV) test and cytological smear as a triage in women
aged >35 years [3-6].

The important role of hrHPV infection leading to the development of invasive cervical
squamous cell carcinoma (SCC) and behind the most of the endocervical adenocarcinomas
(EAC) has been well documented [7-10]. In the previous studies, based on DNA detection
of whole-tissue sections, 62% to 75% of the EAC were reported to be HPV positive with
HPV genotypes 16, 18 and 45 accounting for 90% to 94.1% of the positive cases [8-10].
Of the EAC subtypes, the usual subtype is the most common, with the reported relative
portion of 59% to 74.6% of all EAC [9,10]. The usual subtype also presents with the strongest
association with HPV infection, with 60% to 82% of the tumors found to be positive [9,10].
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In the previous studies, the clear cell adenocarcinomas (AC) accounted for 3.9% to 4%,
the serous AC for 3% to 3.2%, the endometrioid AC for 1.4% to 3%, the minimal deviation
AC 1.6% to 6% and the AC, not otherwise specified, for 4.7% to 8% of the EAC [9,10].
These less common EAC subtypes showed significantly lower prevalence for hrHPV, with
only 13% to 20% of the clear cell AC, 0% to 25% of the serous AC, 13% to 27.3% of the
endometrioid AC, 0% to 8.3% of the minimal deviation AC and 13.9% to 24% of the AC,
not otherwise specified as positive [9,10].

In previous studies, HPV testing identified earlier more women with cancer or pre-
cancerous lesions than cytology alone [11-16]. Especially among endocervical glandular
lesions, the HPV test predicted the outcome better than the cytology. Of the EAC 78%
and 79.0% and of the adenocarcinoma in situ (AIS) cases 80% and 82.2% were detected by
positive HPV screening test in comparison to detection of only 15% and 45.4% of EAC and
40% and 53.2% of AIS by cytology alone [11,12]. A negative HPV test result also predicted
a negative end result better than a negative cytological sample alone [11-13]. Yet, 22% of
the EAC and around 15% of the AIS have been reported to remain negative both in hrHPV
testing and cytology [11,12].

The aims of the present study are to evaluate the detection and outcome of endocervi-
cal atypia in an HPV primary screening programme.

2. Materials and Methods

The study cohort represents women participating in an HPV primary screening pro-
gramme organized by Fimlab Laboratories during 2012-2015 in the Pirkanmaa region,
Finland. During these years, altogether 93.439 women aged 35 to 60 years were invited
to cervical cancer screening, which included both the hrHPV test and the conventional
pap test. All the pap tests of the hrHPV positive women were analyzed and, as a quality
assurance, 10% of the HPV negative patients were assessed cytologically in the 20122016
period.

In total, 66.147 (70.8%) of the invited women participated in the screening. Out of
the participants, 87 (0.13%) were diagnosed with endocervical glandular atypia (Atypical
Endocervical Cells, NOS or Atypical Endocervical Cells, Favor Neoplastic) with or without
a squamous atypia (Atypical Squamous Cells, Undetermined Significance, Low-Grade
Squamous Intraepithelial Lesion, High-Grade Squamous Intraepithelial Lesion, Atypical
Squamous Cells, Cannot Exclude HSIL).

At the beginning of the study, according to the screening protocol and the national
guidelines, women with a positive hrHPV test result and/or a cytological diagnosis of
Atypical Squamous Cells, Undetermined Significance (ASC-US) and/or Atypical Endocer-
vical Cells, NOS (AEC, NOS) were referred to repeat sampling after 12 months [17]. The
repeat test included both the hrHPV test and the conventional Pap test. If the repeated
hrHPYV test was found to be positive and/or there was a cytological atypia, the woman
was referred for a colposcopy. If the hrHPV test was negative and there was no cytological
atypia, the patient received an invitation to the next screening round in five years from the
original invitation.

In 2016, there was a change in the national guidelines after which patients with
cytological diagnosis of AEC, NOS with or without a positive hrHPV test result were
referred for a colposcopy immediately.

Women with a cytological diagnosis of Atypical Endocervical Cells, Favor Neoplastic
(AEC, FN) and/or a squamous cytological diagnosis of Low-Grade Squamous Intraepithe-
lial Lesion (LSIL) or worse were always immediately referred for a colposcopy despite the
hrHPYV status of the patient. After the colposcopy, the patient was treated according to the
national guidelines [17]. Despite the colposcopic findings or the procedures they lead in
to, all women received an invitation to the next screening round after five years from the
original invitation.
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At the first screening round in 2012-2015, the patients were between 35 to 60 years
old, and at the second screening round in 2017-2020, they were between the ages of 40 to
65 years.

All diagnoses on cervical cytological samples were provided according to the Bethesda
Classification for Reporting Cervical Cytology 2014 [18-20]. The Abbot RealTime hrHPV
PCR assay (RealTime; Abbot, Wiesbaden, Germany) was used for the detection of the
hrHPV DNA. The test recognizes 14 hrHPV genotypes, including types 16, 18, 31, 33, 35, 39,
45,51, 52, 56, 58, 59, 66 and 68. The hrHPV genotypes 16 and 18 were reported separately
and the rest of the genotypes were reported as “other hrHPV than 16 or 18”.

The HPV status, genotype, cytological and histological data were retrieved from the
Laboratory Information System (LIS) of the Fimlab Laboratories Oy. Later, an additional
LIS- search was conducted to find possible EACs missed by the primary HPV screening
during the study period 2012 to 2020.

For the statistical analysis, SPSS version 25 was used (IBM SPSS Statistics for Windows,
version 25.0, IBM Corporation, Armonk, NY, USA).

Because the samples of the study include those produced by the national cervical
cancer screening protocol and its follow-ups, the individual consent of each participant
was not requested. The study was approved by the Ethical committee of Pirkanmaa Health
Care District (R13094 and R16022). The study was conducted according to the Declaration
of Helsinki.

3. Results

After the first screening rounds in 2012-2015, 61 patients were diagnosed as AEC,
NOS on cytology (Figure 1). Of those patients, 37 were hrHPV positive and presented
with one adenocarcinoma in situ (AIS) and six high-grade intraepithelial lesions (HSIL)
on follow-ups in the first screening rounds. During the second screening rounds in 2017-
2020, a patient with HSIL-histology on the first screening round was diagnosed with an
additional AIS. The diagnosis of AIS was reached after 5 years and 9 months from the first
screening sample and from the first cytological diagnosis of endocervical glandular atypia.
The patient was initially positive with hrHPV genotypes 16, 18 and an hrHPV type other
than 16 or 18 (Table 1). At the time of the AIS diagnosis, HPV16 persisted.

Table 1. The high-grade histological lesions detected on the two screening rounds during 2012-2015
and 2017-2020, including the hrHPV genotypes and the initial cytological diagnoses.

HPV Genotype ! Cytological Diagnosis 2 Histological Lesion 3
other AEC, NOS HSIL
other AEC, NOS HSIL
other AEC, NOS HSIL
other AEC, NOS HSIL

16 AEC, NOS AIS
16 AEC, NOS HSIL
16, 18, other AEC, NOS HSIL, later AIS

other AEC, NOS + ASC-US HSIL
16, other AEC, NOS + ASC, US HSIL
16 AEC, NOS + ASC-H HSIL
16,18 AEC, NOS + ASC-H HSIL
16, other AEC, NOS +HSIL HSIL
16 AEC, NOS + HSIL HSIL

16 AEC, NOS +HSIL EAC + LSIL

18 AEC, NOS + HSIL EAC + LSIL

16 AEC, FN HSIL
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Table 1. Cont.

HPV Genotype ! Cytological Diagnosis 2 Histological Lesion 3
other AEC, FN HSIL
16 AEC, FN EAC
18 AEC, FN AIS

! In the screening hrHPV genotypes 16 and 18 were reported separately and the rest of the 14 genotypes were
recognized by The Abbot RealTime hrHPV PCR assay as “other hrHPV than HPV16 or HPV18”. 2 AEC, NOS
(Atypical Endocervical Cells, NOS), AEC, FN (Atypical Endocervical Cells, Favor Neoplastic), AIS (Adeno-
carcinoma in Situ), EAC (Endocervical Adenocarcinoma), ASC-US (Atypical Squamous Cells, Undetermined
Significance), LSIL (Low-Grade Squamous Intraepithelial Lesion), HSIL (High-Grade Squamous Intraepithelial
Lesion), ASC-H (Atypical Squamous Cells, Cannot Exclude an HSIL). > AIS (Adenocarcinoma in Situ), EAC
(Endocervical Adenocarcinoma), LSIL (Low-Grade Squamous Intraepithelial Lesion) including Cervical Intraep-
ithelial Lesion (CIN) 1 and condyloma, HSIL (High-Grade Squamous Intraepithelial Lesion) including CIN2 and
CINS.

Screening rounds 2012-2015

61 AEC, NOs

37 HPV pos

\

24 HPV neg

First follow-up 8 not 27 pap smears with 2 LAIS 7 not 15 pap smears with 2
attending HPYV test colposcopies THSIC attending HPV test colposcopies
4 HPV neg/ 1HPV 1HPV 5 benign
18 HPV pos unknown + 4 HPV neg unknown 14 HPV neg unkonown histolo gles
cytologial atypia +NILM +NILM 8
|
Second follow-up 1 not 17 5 HSIL 1 2LSIL '*
attending colposcopies colposcopies Zbenign
histologies
6 benign
histologies
[
‘ Invitation to the next screening round 2017-2020 (n=37) | ‘ Invitation to the next screning round 2017-2020 (n=24) ‘
I [
Next screening rounds ‘17 :{.’t | 8 HPV pos | I 12 HPV neg | [ 8 not attending I | 15 HPV neg | E 1 HPV pos ‘
attendin; — ‘
. 3 follow-ups 1 follow-up
First follow-up | 3 HPV neg | | cnmingp | i 2 HPV pos

Second follow-up 2 colposcopies

histology
Figure 1. The outcome of two consecutive HPV primary cervical cancer screening rounds of patients with atypical
endocervical cells, NOS in cytology. Abbreviations representing cytological diagnoses: AEC, NOS, Atypical Endocervical
Cells, NOS; NILM, Negative for Intraepithelial Lesion or Malignancy. Abbreviations representing histological diagnoses:
AIS, Adenocarcinoma in Situ; HSIL, High-Grade Intraepithelial Lesion; LSIL, Low-Grade Intraepithelial Lesion; Other
abbreviations: HPV, human papillomavirus; pos, positive; neg, negative.

In 2012-2015 a total of 17 patients were diagnosed with AEC, NOS in combination
with a squamous cytological diagnosis (Figure 2). Out of these patients, 16 were hrHPV
positive. During the follow-ups, two histological HSIL were found behind the diagnoses
of AEC, NOS + ASC-US. The combination of AEC, NOS + HSIL/Atypical Squamous
Cells, Cannot Exclude an HSIL (ASC-H) resulted in four histological HSIL and to two
combinations of EAC and LSIL. No additional high-grade histological lesions were found
during the next screening rounds in 2017-2020.
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Screening rounds 2012- 6 AEC, NOS + ASC-US 2 AEC, NOS + LSIL 9 AEC, NOS + ASC-H/HSIL
2015 —

—{ 1 HPV neg ‘ ‘ 5 HPV pos
i 5 pap smears 9 colposcopies
First follow-up with HPV test
_— — P— —_
1 HPV neg + 1 benign 2EAC+
2HPV
| "8 | | cellular atypia | 2 HPV pos | L LSIL | histology 3LSIL 4HSIL LSIL

I
Second follow-up | 1 colposcopy || 2 colposcopies

1benign 2 HSIL
histolog
[

Invitation to the next screening round (n=6) |

Invitation to the next screening round (n=2) | Invitation to the next screening round (n=9) |

- ——T—
i 1 not 2 not
Next d 5
ext screening rounds ] attending ‘ ‘ 5 HPV neg ‘ 2 HPV pos attendin 5 HPV neg I 2 HPV pos

X N 1 [;llow-up
First follow-up 1 colposcopy ‘ ‘ coming ‘ | attlexsi‘ng | | 1HPV pos
1 benign
histology
Second follow-up 1 colposcopy

Figure 2. The outcome of two consecutive HPV primary cervical cancer screening rounds of patients with atypical
endocervical cells, NOS and a squamous cell atypia in cytology. Abbreviations: AEC, NOS, Atypical Endocervical Cells,
NOS; EAC, Endocervical Adenocarcinoma; ASC-US, Atypical Squamous Cells, Undetermined Significance; LSIL, Low-
Grade Squamous Intraepithelial Lesion; HSIL, High-Grade Squamous Intraepithelial Lesion; ASC-H, Atypical Squamous
Cells, Cannot Exclude an HSIL; HPV, human papillomavirus; pos, positive; neg, negative. Combinations of abbreviations
representing cytological diagnoses: AEC, NOS + ASC-US; AEC, NOS + LSIL; AEC, NOS + ASC-H/HSIL. Abbreviations
representing histological diagnoses: LSIL; HSIL; EAC + LSIL.

A cytological diagnosis AEC, FN was provided seven times in the first screening
rounds in 20122015 and AEC, EN + LSIL was diagnosed two times (Figure 3). All patients
were hrHPV positive. In the first group, two HSIL and one EAC was diagnosed during
the follow-ups at the first screening rounds and one AIS on the follow-ups during the
second screening rounds. The diagnosis of AIS was reached 6 years and 11 months after
the first screening sample, with cytological suspicion of endocervical glandular neoplasia.
During the time, the patient presented with persistent HPV18 infection (Table 1). In the
latter group, no high-grade histological lesions were found in either the first or the second
screening round.

Altogether, behind the 87 cytological endocervical glandular diagnoses with or with-
out combined squamous cytological atypia, one EAC, two AIS, two EAC + LSIL, one AIS +
HSIL and 13 HSIL were found reflecting that 68.4% (13/19) of the high-grade lesions veri-
fied histologically were purely of squamous origin (Table 1). There are still six follow-ups
planned and yet to be conducted among patients initially positive with hrHPV and with a
persistent infection.

Of the endocervical malignancies, 33.3% (2/6) were HPV18 positive and 66.7% (4/6)
were HPV 16 positive (Table 1). Among HSIL, 42.9% (6/14) represented hrHPV genotypes
other than HPV16 or HPV18, 28.7% (4/14) HPV16 and 28.7% (4/14) a combination of
HPV16 and/or HPV18 and hrHPV type other than HPV16 or HPV18. The investigated
HPV types (16, 18 or hrHPV other than 16 or 18), or a combination of them, showed
no statistical association (p-value > 0.05) to endocervical malignancies or to squamous
neoplasias.
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Screening rounds 2012-2015

First follow-up

Next screening rounds

First follow-up

Second follow-up

Third follow-up

7 AEC, EN

2 AEC, FN + LSIL

B T
Lnot 6 colposcopies 2HSIL

1 not 1 col 1 benign
attending colposcopy histology

attending
3 benign
histologies
Invitation to the next screening round (n=7) Invitation to the next screening round (n=2)
_—— |
3 not ~ 1 not .
attending ‘ 2 HPV neg ‘ 2 HPV pos attending ‘ l 1HPV pos

. 2 benign
2 colposcopies his{ologgies 1HPV pos
1 follow-up ) o 1 benign N -
coming 1 colposcopy histolog 1 colposcopy 1LSIL

1LEEP 1 AIS

Figure 3. The outcome of two consecutive HPV primary cervical cancer screening rounds of patients with atypical endo-

cervical, favoring neoplastic with or without a squamous cell atypia in cytology. Abbreviations representing cytological
diagnoses: AEC, EN, Atypical Endocervical Cells, Favor Neoplastic; AEC, FN + LSIL, Low-Grade Squamous Intraepithe-
lial Lesion. Abbreviations representing histological diagnoses: EAC, Endocervical Adenocarcinoma; LSIL, Low-Grade
Squamous Intraepithelial Lesion; HSIL, High-Grade Squamous Intraepithelial Lesion. Other abbreviations: HPV, human
papillomavirus; pos, positive; neg, negative; LEEP, loop electrosurgical excision procedure.

Aside for the two above-described AIS cases with the wide time lag before the histo-
logical diagnosis, all the high-grade histological lesions were diagnosed during the first
screening round. No high-grade histological lesions were found among patients with
cytological endocervical glandular atypia and a negative hrHPV test result (Figures 1-3,
Table 2). There was one HPV-negative gastric-type mucinous EAC missed by the HPV
primary screening. The pap test of the patient was not analyzed, that is to say, the patient
was not included in the 10% of the HPV-negative cases assessed cytologically as a quality
assurance.

The diagnosis of this gastric-type mucinous EAC was made two years after the nega-
tive HPV primary screening result. The diagnosis was immunohistochemically confirmed,
and the patient was treated with hysterectomy, combined with salpingo-oophorectomy
and lymphadenectomy. There were no metastases. The tumor itself was not tested for
hrHPV, but the vaginal hrHPV tests have remained negative since. A 5-year follow-up has
been conducted, and no additional tumors were observed.

During the first screening round, 17.5% (11/63) of the hrHPV positive patients and
29.2% (7/24) of the hrHPV negative patients left follow-ups unattended (Table 2). Of the
originally hrHPV-negative women in the first screening round in 2012-2015, 33.3% (8/24)
did not attend the second screening round in 2017-2020. Of the originally hrHPV-positive
women in 2012-2015, 38.1% (24/63) did not attend the next screening round in 2017-2020
or left a follow-up during this screening round unattended. Of these patients, 8 (12.7%)
had a negative hrHPV test result at the last follow-up they attended but 16 (25.4%) were
still hrHPV positive when they dropped out of the screening protocol (data not shown).
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Table 2. Cytological diagnoses with HPV status and the follow-up data on two cervical cancer screening rounds (2012-2015

and 2017-2020) among patients with cytological endocervical glandular diagnosis at the first screening round.

AEC, NOS +/— AEC, NOS +/— AEC, FN *** 4+/—

ASC-US/LSIL * ASC-H/HSIL ** ASC-US/LSIL TOTAL
HPV+/HPV— HPV+/HPV— HPV+/HPV— HPV+/HPV—
(n=44/n=25) n=9/n=0) n=9/n=0) (n=62/n=25)
ATTENDANCE
Not attending a folAlow—up during the 1st 9/7 0/NA *+ 2/NA 11/7
screening round
Not attending a fol%ow—up during the 2nd 18/8 2/NA 4/NA 24/8
screening round
HPV negative on a fpllow—up during the 1st 8/15 0/NA 0/NA 8/15
screening round
HPV negative on a fgllow-up during the 2nd 16/15 5/NA 2/NA 23/15
screening round
FINAL HISTOLOGY
Adenocarcinoma (EAC) 0/0 0/NA 1/NA 1/0
Adenocarcinoma in situ (AIS) 1/0 0/NA 1/NA 2/0
High-grade intraepithelial lesion (HSIL) 7/0 4/NA 2/NA 13/0
Low-grade intraepithelial lesion (LSIL) 9/0 4/NA 1/NA 13/1
EAC + LSIL 0/0 2/NA 0/NA 2/0
AIS + HSIL 1/0 0/NA 0/NA 1/0
Benign histology 12/2 0/NA 5/NA 17/2
Follow-up coming 3/1 0NA 0/NA 3/1

* AEC, NOS (Atypical Endocervical Cells, NOS), ASC-US (Atypical Squamous Cells, Undetermined Significance), LSIL (Low-Grade
Intraepithelial Lesion) including condyloma and Cervical Intraepithelial Lesion 1 (CIN1). ** ASC-H (Atypical Squamous Cells, Cannot
Exclude an HSIL), HSIL (High-Grade Intraepithelial Lesion. *** AEC, FN (Atypical Endocervical Cells, Favor Neoplastic). **** NA (not
applicable). There were no combination diagnoses of AEC, FN + ASC-H/HSIL.

4. Discussion

The results of the present study are in agreement with the previously published series
in the sense that no endocervical glandular malignancies were found among patients with
endocervical cell atypia and a negative hrHPV result, reflecting that the majority of the
endocervical adenocarcinomas are associated with hrHPV infection [8-10]. In our study,
0.13% of the pap tests were reported as endocervical glandular atypia, which is in the
lower range compared to the previously published incidence rates of between 0.1% and
1.84% [21-24]. This variation in reported incidence is not surprising, since the interobserver
agreement between pathologists, especially regarding mild cytological changes, is known to
be relatively poor, and differentiating between cytological glandular features and squamous
features has also proved to be challenging [25,26]. In the present study, 37.3% of the cases
diagnosed with mild (not otherwise specified) endocervical glandular atypia were hrHPV
negative, which is significantly less than the 79.8% reported by Chen et al. [23].

In addition to the lack of glandular malignancies, in the present study, there were
no histological HSIL or SCC among the cases with endocervical glandular atypia and
a negative hrHPV result. This is supporting the previous findings, according to which
over 60% of the mild cytological glandular atypias with or without mild squamous atypia
represent benign changes, or low-grade squamous histological lesions [22,27-29].

In our study, behind the cytological endocervical glandular diagnoses, with or without
combined squamous cytological atypia, 68.4% of the clinically significant lesions (HSIL, AIS
or worse) were purely of squamous origin. This might be caused by the extension of HSIL
to endocervical glands, which is known to be a common cause of false cytological glandular
diagnoses, or simply the result of the everyday struggle pathologists have in separating
the cytological glandular features from squamous features [25,26,30]. Nevertheless, the
amount of squamous lesions behind cytological endocervical diagnoses in our study, was
roughly in the same range as the 73% and 77% previously reported [24,31].

In previous studies, the hrHPV test has been more often positive for cancer and precancer-
ous lesions than cytology, and the difference in performance has been more pronounced among
cases subsequently diagnosed with AIS or EAC than CIN3 or SCC [11,12,15,16]. Additionally,
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the implementation of hrHPV testing has led to an earlier detection of CIN2 lesions or
worse, and reduced the detection of CIN3 lesions and cervical cancer during follow-ups in
comparison to cytology alone [13,14,31-33]. In the ARTISTIC study, however, the routine
HPV testing did not significantly improve the recognition of CIN3 lesions compared to
liquid-based cytology [34]. Nevertheless, a negative hrHPV test result during screening
was shown to predict a negative outcome better than the cytology [11,13], which was also
conversely seen in our study, since there were no high-grade histological lesions among
hrHPV negative samples with cytological atypia [13,33].

Similarly, in the present study, only two malignancies were found during the second
screening rounds. Both lesions represented AIS, and their histological diagnoses were not
reached until 5 years and 9 months and 6 years and 11 months after the initial hrHPV
positivity and cytological glandular atypia at the study baseline.

Although the participation rate for screening (70.8%) in the present study was similar
to that previously reported in Finland [2], the high drop-out rate in the study was surprising,
and possibly affected the end results. Of the originally hrHPV-positive patients, 25.4%
dropped out of the screening protocol with a positive hrHPV test result at their last follow-
up. This might have led to some cancers or precancerous lesions left undiagnosed. There
was one death due to other reasons. Since different regional and private practice databases
in Finland do not communicate, we do not know if the other patients dropping out the
screening protocol have moved, were treated elsewhere or if they simply chose not to
participate.

Our database search revealed one hrHPV-negative mucinous, gastric type adenocarci-
noma case missed by the primary HPV screening during the study years 2014-2021. Since
the hrHPYV test at the screening was negative, no follow-ups were scheduled for the patient.
The cancer was later diagnosed on a gynecological check-up for other reasons.

Since, in previous studies, 22% of the EAC and around 15% of the AIS were negative
both in cytology and in hrHPV test, it can be only speculated if including the cytological
sample to the screening protocol would have led to an earlier diagnosis in this case [11,12].
It has been calculated that adding a cytological sample to hrHPV screening would lead to an
earlier detection of, at most, five cases per million women in a year [12]. Adding a p16/Ki67
dual-stain to screening has been reported to increase the detection rate of histological HSIL
among hrHPV positive and cytology negative cases [35]. A positive Hepika test on a
cytological sample seems to have a high sensitivity for invasive carcinoma, both squamous
and glandular, in comparison to precursor lesions [36]. Since p16 and Hepika tests are
both surrogate markers for hrHPV infection, adding them to the screening protocol in
selected cases would probably increase the rate of, or at least provide an earlier detection
for endocervical adenocarcinomas. Since the gastric type endocervical adenocarcinomas
are practically always hrHPV negative, these tests are not likely to be of benefit, in their
diagnosis [9,10].

In our series, all AIS and EAC were positive with either HPV16 or HPV18. Out of
the HSIL, 42.9% were positive with an hrHPV type other than HPV16 or HPV18. In the
statistical analyses, the HPV types (16, 18 or other) or combinations of them did not provide
a prediction specifically relating to endocervical malignancies or to squamous lesions. This
may have been due to the small number of positive cases, which may also have been the
reason why the positive cases were not analysed further.

5. Conclusions

In conclusion, in this study of two consecutive HPV-primary screening rounds, among
87 women diagnosed with AEC, NOS or AEC, FN in cytology, three EAC, two AIS, one AIS
+ HSIL and 13 HSIL in were found in histology. All the EAC and AIS were either HPV16
or HPV 18 positive. No high-grade histological lesions were found among the hrHPV-
negative patients diagnosed with cytological endocervical cell atypia. A later database
search revealed one HPV-negative gastric-type mucinous adenocarcinoma that was missed
by the primary HPV screening.
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