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Abstract

Objective

Reproducible diagnoses of endometrial hyperplasia (EH) remains challenging and has
potential implications for patient management. This systematic review aimed to identify
pathologist-specific factors associated with interobserver variation in the diagnosis and
reporting of EH.

Methods

Three electronic databases, namely MEDLINE, Embase and Web of Science, were
searched from 15! January 2000 to 25" March 2023, using relevant key words and subject
headings. Eligible studies reported on pathologist-specific factors or working practices influ-
encing interobserver variation in the diagnosis of EH, using either the World Health Organi-
sation (WHO) 2014 or 2020 classification or the endometrioid intraepithelial neoplasia (EIN)
classification system. Quality assessment was undertaken using the QUADAS-2 tool, and
findings were narratively synthesised.

Results

Eight studies were identified. Interobserver variation was shown to be significant even
amongst specialist gynaecological pathologists in most studies. Few studies investigated
pathologist-specific characteristics, but pathologists were shown to have different diagnostic
styles, with some more likely to under-diagnose and others likely to over-diagnose EH.
Some novel working practices were identified, such as grading the “degree” of nuclear aty-
pia and the incorporation of objective methods of diagnosis such as semi-automated quanti-
tative image analysis/deep learning models.
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Conclusions

This review highlighted the impact of pathologist-specific factors and working practices in
the accurate diagnosis of EH, although few studies have been conducted. Further research
is warranted in the development of more objective criteria that could improve reproducibility
in EH diagnostic reporting, as well as determining the applicability of novel methods such as
grading the degree of nuclear atypia in clinical settings.

Introduction

Endometrial cancer (EC) is the most common gynaecological malignancy in developed coun-
tries, accounting for over 417,000 cases and 97,000 deaths worldwide in 2020 [1]. EC incidence
rates have increased rapidly over the last few decades, particularly in high-income countries,
likely due to rising obesity rates, greater life expectancy, and changes in reproductive patterns
[2,3]. Endometrial hyperplasia (EH) is a recognised precursor lesion of EC [4], specifically the
most common endometrioid type, and its accurate and early detection offers opportunities for
optimal patient management and cancer prevention.

Over a 20-year period, the cumulative risk of EC development has been estimated to be less
than 5% for patients diagnosed with EH without atypia, rising to 28% for patients diagnosed
with atypical hyperplasia [5]. The accurate distinction between EH without atypia and atypical
hyperplasia, and between atypical hyperplasia andEC, remains a challenging area in diagnostic
pathology and has important consequences for patient management [6]. Hysterectomy with
bilateral salpingo-oophorectomy is the recommended treatment options for atypical EH [7].
However, for premenopausal women who wish to preserve fertility or patients who are a poor
operative risk, progestogen therapies with close surveillance may be recommended to avoid or
delay surgery [7]. Consequently, an erroneous diagnosis may lead to patients undergoing mul-
tiple endometrial biopsies, and/or under- or over-treatment [6,8].

Interobserver variation in the diagnosis of EH has been well described in the literature
[6,9-13]. Some histopathological challenges attributable to variation in diagnosis include, but
are not limited to, inadequate tissue and specimen fragmentation, the use of hormonal thera-
pies that can “mask” features, and the fact that EH can be a focal lesion [6,14]. The diagnostic
criteria for EH have been continuously adapted and refined in an effort to overcome interob-
server variation. Previously, the most widely used criteria was the World Health Organisation
(WHO) 1994 classification system which categorised EH into four groups according to the
complexity of glandular architecture and the presence or absence of cytologic atypia [4]. How-
ever, diagnostic reproducibility using this system was poor, in part due to significant variability
in the assessment of nuclear atypia [6]. The endometrioid intraepithelial neoplasia (EIN) sys-
tem was introduced in 2000 and was developed based on correlation of morphological features
with clinical outcome, molecular changes, and objective computerised histomorphometry
[8,15]. A subsequent update to the WHO criteria in 2014 simplified the classification into two
groups; (i) EH without atypia and (ii) atypical hyperplasia based upon the absence or presence
of cytological atypia, with the diagnosis of EIN in this system considered largely interchange-
able with atypical hyperplasia [16,17]. In 2020, the WHO criteria were unchanged, although
the value of biomarkers to enhance diagnosis was discussed, including the loss of immunore-
activity with PTEN, PAX2 and mismatch repair proteins and the nuclear expression of beta-
catenin [6,18]. However, despite evolving classification criteria, interobserver variation
between pathologists in EH diagnosis is still significant [6], and thus, a thorough
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understanding of factors influencing this variability is required to help improve quality assur-
ance in EH diagnostic pathology [19].

It is currently unclear whether pathologist-specific characteristics, such as speciality, train-
ing or working environment can be attributed to interobserver variation in the diagnosis of
EH. Furthermore, it is relatively unknown whether specific working practices or the methods
used for EH diagnosis impacts on overall diagnostic reproducibility, including more novel
practices such as the use of artificial intelligence or biomarkers. Therefore, the aim of this sys-
tematic review was to identify pathologist-specific factors associated with interobserver varia-
tion in the diagnosis and reporting of EH.

Methods

This systematic review was reported in line with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [20] (see S1 Checklist), and the protocol
was registered with PROSPERO (PROSPERO 2022: CRD42022309957) [21]. Three electronic
databases, MEDLINE (US National Library of Medicine, Bethesda, Maryland, USA), Embase
(Reed Elsevier PLC, Amsterdam, Netherlands) and Web of Science (Thompson Reuters,
Times Square, New York, USA) were systematically searched using key words and relevant
medical subject headings to identify relevant studies published between 1* January 2000 and
25" March 2023 (see S1 and S2 Appendices). Eligible studies had to apply the WHO 2014/
WHO 2020 classification, or the EIN 2000 classification for EH diagnoses. Therefore, the
search was limited to studies from the year 2000 onwards, and no language restriction was
applied.

Inclusion criteria

Covidence was used to manage the removal of duplicates and screening process. Title and
abstract screening was conducted independently by at least two reviewers (CMcC, UMcM, HC
or CMcS) against the eligibility criteria. Full texts were then independently screened by at least
two reviewers to identify studies that aligned with the inclusion criteria below:

i. Population: Pathologists (excluding trainees) who have reported an EH diagnosis
ii. Intervention(s): The diagnostic assessment of EH specimens

iii. Comparators: Pathologist characteristics, experience, training, working environment and
working practices, e.g., the classification system used, the use of immunohistochemical
biomarkers, the use of digital versus glass review, double-reporting and any other factors
reflective of pathologist characteristics not listed above

iv. Outcome: Interobserver variation in pathologist diagnosis of EH

All studies assessing interobserver variation in the diagnostic assessment of EH in endome-
trial specimens (biopsy and hysterectomy samples) by pathologists were included. Studies
were included if they reported interobserver agreement using Cohen’s or Fleiss’ Kappa statistic
(k) and/or percentage agreement, or if sufficient information was provided to calculate these.
Additional outcomes considered included interobserver variation in the differentiation
between EH and EC diagnoses, and any intraobserver variation outcomes if reported. Review
articles, animal studies, articles that used the 1994 WHO criteria for EH classification, and
studies that included only EC specimens were excluded. The reference lists of included studies
were manually searched for additional articles. Any discrepancies throughout the review pro-
cess were resolved through discussions with a third author.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302252  April 29, 2024 3/19


https://doi.org/10.1371/journal.pone.0302252

PLOS ONE

Interobserver variation amongst pathologists in the diagnosis of endometrial hyperplasia

Data extraction

Data extraction was performed by two authors (CMcC and HC), and the following data was
extracted from included studies where possible: author name, year of publication, study type and
institution; the sampling method; the number of reviewing pathologists included in the study and
related characteristics where present (country of practice, practice setting, time in practice and
level of experience, number of biopsies reported monthly/annually); pathologist working practices
(i.e., method used for analysing specimens) and the classification criteria used for EH diagnosis.

Data synthesis

A meta-analysis was not conducted due to the heterogeneity of the study designs, and so a nar-
rative synthesis was performed according to Synthesis Without Meta-analysis (SWiM) guide-
lines [22]. Included studies were ordered by year of publication and the certainty of evidence
was evaluated based on the number of reviewing pathologists and the risk of bias. In some
cases, data had to be transformed, i.e., the manual calculation of percentage agreement based
on the data included within the study.

Risk of bias assessment

The risk of bias within individual studies was assessed using the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool [23]. This assessed the risk of bias through four main
domains: (1) Patient selection (low risk if consecutive patients were included and/or appropriate
exclusions were considered, e.g., patients with a pre-hysterectomy diagnosis of EC); (2) Index test
(low risk if reviewing pathologists were blinded to clinical information and/or the results of the ref-
erence standard, e.g., review by an expert panel who agreed consensus); (3) Reference standard (low
risk if the cases included were likely to have been correctly classified and if the distributions of the
cases included would likely be encountered in clinical practice); (4) Flow and timing (low risk if all
reviewing pathologists received the same reference standard). In each domain, the studies were cate-
gorised as low, unclear, or high risk of bias. The QUADAS-2 tool also considers concerns of applica-
bility, which enables the first three domains to be further assessed based on whether the criteria of
the individual study was appropriate, but overall did not fit the main objectives of our systematic
review [23]. One author (CMcC) performed the quality assessment and risk of bias analysis.

Results

The study selection process is summarised in the PRISMA flow chart in Fig 1. Following the
removal of duplicates, the titles and abstracts of 2,515 articles were independently screened by
at least two reviewers. A total of 63 articles were identified for full-text review, of which eight
articles met the inclusion criteria [24-31].

The characteristics of the included studies are highlighted in Table 1. Publication year ran-
ged from 2005 to 2022, and the majority of studies were conducted in Europe and the USA.
Five of the included studies were multi-centre [26,28-31], with the remaining three studies all
single centre [24,25,27]. The majority of included studies had less than 10 reviewing patholo-
gists, although two larger studies included 20 and 78 reviewing pathologists respectively
[29,30]. Extensive pathologist characteristics in conjunction with overall agreement could only
be extracted from two studies [29,30], with the other studies providing minimal detail regard-
ing pathologist speciality, location or practice settings. Some novel working practices/methods
were assessed in some of the studies, such as grading the degree of nuclear atypia [26], and sub-
jective diagnosis in addition to/in comparison with objective methods of diagnosis (semi-auto-
mated quantitative image analysis, deep learning models) [24,25], as shown in Table 1. One
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[ Identification of new studies via databases and registers

Records identified through
database searching (n =
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PubMed =84)

Identification

Records removed before
screening:

Duplicate records removed
(n=435)
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(n=2,452)

Reports sought for retrieval
(n=63)
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(n=0)

Screening

Reports assessed for
eligibility (n =63)

Studies included in qualtative
synthesis
(n=8)

[ Included

Reports excluded (n = 55)

14 Wrong outcomes

10 Used 1994 WHO critena
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8 Conference abstracts

7 Wrong intervention

4 Wrong patient population
2 Review articles

1 Wrong comparator

Fig 1. PRISMA flow diagram demonstrating the study selection process.

https://doi.org/10.1371/journal.pone.0302252.9001

study assessed pathologist diagnosis using both the EIN and WHO criteria but simplified the
WHO categorisation into two categories, benign hyperplasia or atypical hyperplasia/grade 1
EC [28]. However, classifying both atypical hyperplasia and EC into the one diagnostic cate-
gory was not useful for the scope of our review; therefore, only the results from the pathologist

diagnosis using the EIN system was extracted.

Quality assessment

The results of the risk of bias assessment are shown in Fig 2. All studies were classed as a “low
risk” of bias in the patient selection domain. For the index test, two studies were highlighted as
having an “unclear” risk as it was uncertain whether the reviewing pathologists were blinded
to the results of the reference standard [27,31]. In the reference standard and flow and timing
domains, all included studies were classed as having a “low risk” of bias. Applicability concerns
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Table 1. Characteristics of the included studies.

Author and | Country

year

Zhao et al.,
2022 [24]

Sanderson
etal., 2022
[25]

D’Angelo
etal., 2021
[26]

Spoor and
Cross., 2019
(27]

Ordi et al.,
2014 [28]

Usubutun
etal., 2012
[29]

Marotti
etal., 2011
[30]

Hecht et al.,
2005
[31]

China

UK

Spain/
Italy

Spain

Turkey

USA

USA

Study
type

Single
centre

Single
centre

Multi-
centre

Single
centre

Multi-
centre

Multi-
centre

Multi-
centre

Multi-
centre

Institution

Department

of Pathology of
Northwest
Women’s and
Children’s
Hospital

Pathology
Department of
the NHS
Lothian Health
Board

Hospital de la
Santa Creu i
Sant

Pau, Barcelona,
Spain; Hospital
Santa Chiara,
Trento, Italy

Department of
Cellular
Pathology,
Queen
Elizabeth
Hospital

University of
Granada

Pathology
Department of
the Hacettepe
University

Beth Israel
Deaconess
Medical
Centre

Beth Israel
Hospital
Department of
Pathology

https://doi.org/10.1371/journal.pone.0302252.t001

Specimens Number of Pathologist Pathologist working practices Classification
reviewing characteristics criteria used
pathologists

Curettage, 3 Years of experience, | Subjective histopathological WHO 2014

hysteroscopic speciality diagnosis in comparison to using | criteria

surgery or a global-to-local multi-scale

hysterectomy convolutional

specimens neural network

(n=602)

Archived 2 Speciality Subjective histopathological WHO 2014

endometrial diagnosis; objective diagnosis criteria

hyperplasia using digital computerised

samples (n = 125) quantitative image analysis; use of

immunohistochemical staining to
aid diagnosis

Biopsies and 3 Location and Biopsy versus hysterectomy WHO 2014
hysterectomies speciality diagnosis of endometrial criteria
(n=79) hyperplasia specimens from the

same patient, according to the
degree and grade of nuclear

atypia
Biopsies and 7 Speciality Central pathology review to WHO 2014
hysterectomies determine the concordance criteria
(n =630) between a) original referral

histology with review histology
and b) final review histology with

hysterectomy histology

Biopsies and 9 Location and Subjective histopathological EIN criteria
curettages speciality diagnosis
(n=196)
Biopsies and 20 Location; years of Number of endometrial biopsies | EIN criteria
curettages (n = 62) experience; pathology | signed-out per month; current

speciality; training criteria used in daily practice

institution; practice

institution; diagnostic

style group
Biopsies (n = 18) 78 Location; current Number of endometrial EIN criteria

position; time in curettings per month; current

practice; practice criteria used in daily practice

setting
Biopsies and 3 Practice setting and Subjective histopathological EIN criteria
curettages (n = 97) speciality diagnosis; morphometric

diagnosis using computerised
morphometry (D-score)

were raised in one study for the index test domain, as the study provided little information on
how this was conducted [27].

Pathologist-specific characteristics and interobserver agreement

A total of 125 reviewing pathologists were included across the eight studies, and most studies
included at least one specialist gynaecological pathologist (see Table 2). Marotti et al. assessed
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the reproducibility of the EIN criteria amongst 78 pathologists across 13 different countries
[30]. They reported that pathologists with a specialist interest in gynaecological pathology had
better levels of agreement with the reference standard (62%), compared to pathologists with
other main interests (57%) and pathology residents (47%). Two specialist gynaecological
pathologists had 100% agreement in this study; both had been practicing for over ten years,
diagnosed more than 20 EH specimens per month, and used the EIN classification system in
their daily practice [30]. However, in the study of 20 reviewing European pathologists by Usu-
butun et al., years in practice did not appear to influence overall agreement, as similar levels of
agreement were found in those with three to ten years compared to ten plus years of experi-
ence (p = 0.529) [29]. Both studies provided pre-reading and/or training modules to help the
reviewing pathologists unfamiliar with the EIN criteria, and Marotti et al. reported those utilis-
ing this information had higher levels of concordance with the reference standard (60%) than
those who did not (40%). In terms of the terminology used in daily practice, in both studies
the majority of pathologists typically used the WHO terminology; however, this did not appear
to impact concordance with the reference standard when using the EIN criteria. Furthermore,
Usubutun et al, reported no statistical association between practice type (p = 0.926), training
institution (p = 0.082), practice institution (p = 0.255), or classification system used in daily
practice (p = 0.437) with the extent of overall concordance [29]. Usubutun et al. further catego-
rised 20 reviewing pathologists into groups (red, yellow and green) based on their personal
diagnostic style. Most of the pathologists (yellow style group, n = 11) tended to diagnose cases
in a balanced spectrum, whereas others were more likely to diagnose benign lesions more so
than EIN or EC (green style group, n = 4), and some were more likely to diagnose EIN (red
style group, n = 5) than benign lesions. The red style group had the highest level of concor-
dance (83.2%; k = 0.71-0.83), the yellow group slightly lower (81.4%, k = 0.66-0.82), and the
green group displayed the lowest levels of concordance (70.8%; k = 0.45-0.68) [29]. In terms
of specific characteristics, personal diagnostic style was not statistically associated with years of
experience (p = 0.435), practice type (p = 0.228), training institution (p = 0.236), practice insti-
tution (p = 0.204), or classification system used (p = 0.376) [29].
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Table 2. Factors associated with interobserver variation amongst pathologists in the diagnosis of endometrial hyperplasia across the eight included studies.

Interobserver agreement between pathologists

Fleiss k | Agreement

Author and
P/ Comparison Cohens/
Zhao etal., | Normal endometrium n.r.
2022 [24]
Hyperplasia without n.r.
atypia
Atypical hyperplasia/EIN | n.r.
Sanderson | Benign endometrium n.r
etal., 2022
(25] Non-atypical hyperplasia | n.r
Atypical hyperplasia/EIN | n.r
Atypical/hyperplasia/ n.r
EIN in an endometrial
polyp
Hyperplastic polyp n.r
Endometrial cancer n.r
Combined total 0.48

%

99.4-100%

82.8-97.8%

74.9-98.1%

3.2%

29.6%

32.0%

0%

2.4%
0%

67.2%

Summary of findings

Years of experience:

« Junior pathologist, two years:n = 1

« Mid-level pathologist, six years:n = 1

« Senior pathologist, 15 years: n = 1Main points:Overall accuracy
between diagnostic categories

« For EIN, Pathologist 1 (junior) had the lowest diagnostic accuracy
(74.9%), with Pathologist 3 (senior) having the highest diagnostic
accuracy (98.1%)

« G2LNet had the highest accuracy when diagnosing cases of EIN
(99.8%), performing better than all three pathologists

« G2LNet was better at diagnosing cases of hyperplasia without atypia
(85.8%) compared to Pathologist 1 (82.8%), although was less
accurate than Pathologists 2 (93.5%) and 3 (97.8%)

Comparison between pathologist diagnosis and G2LNet:

« Accuracy ranged from 85-98.6% between the pathologists, GL2Net
had 95.3% accuracy

« Kappa values for agreement between pathologist diagnosis and
G2LNet ranged from 0.72-0.93, with the most senior pathologist
having the higher Kappa

Speciality:

« Specialist gynaecological pathologist: n = 2 (100%)

Main points:

« Pathologist B was more likely to diagnose EIN (n = 66 cases) than
Pathologist A (n = 46 cases)

« Comparison between the index cases of complex AH and those
reclassified with the EIN/WHO 2014 system showed that 3 were
reclassified as non-atypical EH and one as EC

« EIN/WHO 2014 system was accurate at predicting the absence of
subsequent EC (NPV = 98.4%)

« Using semi-automated quantitative image analysis, 3/10 cases with a
final consensus diagnosis of EIN met the EIN diagnostic criteria for a
VPS of <55% whereas 7/10 cases did not show image analysis
evidence of EIN

« All final consensus cases of non-atypical EH (n = 11) met the
architectural requirements of the EIN/WHO 2014 system and had a
VPS >55%

« Expression of p53 and MMR proteins could not distinguish between
non-atypical EH and EIN; ARID1A loss (p = 0.011) and altered
HAND?2 expression (p <0.001) were significantly associated with an
EIN diagnosis

« A panel of HAND2, PTEN and PAX2 was useful in identifying
patterns associated with EIN and non-atypical EH based on
diagnostic criteria and could be applicable in identifying those likely
to have benign EH.

Comments

The deep learning model
was superior when
diagnosing the
premalignant lesion
(atypical EH/EIN), whereas
pathologists were better at
diagnosing normal
endometrium and
hyperplasia without atypia.
This indicates that G2LNet
could be used to
complement pathologists in
the automatic diagnosis of
the precancerous
endometrial lesion

Application of the revised
EIN/WHO 2014 is more
likely to result in a
consensus EIN diagnosis,
although agreement
between the two
pathologists was only “fair”
after combining diagnostic
categories. Computer-aided
imaging of the gland-to-
stroma ratio of EH
specimens can be utilised to
assist pathologist diagnosis
and improve diagnostic
accuracy-for example, it
could be useful to validate
the exclusion of EIN.

(Continued)
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Table 2. (Continued)

Author and
year

D’Angelo
etal., 2021
[26]

Spoor and
Cross., 2019
(27]

Ordi et al.,
2014 [28]

Interobserver agreement between pathologists

Comparison

Biopsy diagnosis
(low/high-grade atypical
hyperplasia)

Hysterectomy diagnosis
(benign endometrium,
non-atypical hyperplasia,
low-grade atypical
hyperplasia, high-grade
atypical hyperplasia,
grade 1 endometrial
cancer)

Atypical hyperplasia
(original pathology
biopsy report versus
central review)

Atypical hyperplasia
(review biopsy opinion

versus final histology at
hysterectomy)

Benign cycling
endometrium

Benign hyperplasia

EIN

Endometrial cancer

All groups combined

Cohens/

Fleiss k | Agreement

0.72-
0.81

0.60-
0.71

n.r.

n.r.

0.67

0.35

0.27
0.52

0.43

%

87.3-91.1%

72.2-79.8%

68%

90%

11.2%

9.7%

7.1%
11.2%

39.2%

Summary of findings

Location:

e Spain: n =2

eltaly:n=1

Speciality:

« Gynaecological pathology: n = 3 (100%)

Main points:

« Recommends the introduction of a novel method of grading the
degree of nuclear atypia using robust histological criteria

Degree of nuclear atypia was predictive of the findings at
hysterectomy (p = 1.6x10™'%)

« No patients with low-grade AH (n = 53) had EC at hysterectomy,
whereas 16 patients (61%) with high-grade AH at biopsy had grade 1
EC at hysterectomy

« Molecular analysis of specimens suggested that AH is molecularly
heterogenous

Pathologist factors:

« Experienced cellular pathologists: n = 7 (100%)

« Report gynaecologic cancer cases on a regular basis

« All reviewing pathologists take part in a national gynaecologic
histology external quality assurance

Main points:

« One of the main reasons for discrepant results was the accurate
distinction between atypical EH and EC

« 8 cases (6.1%) in which EC was diagnosed on biopsy, but on
hysterectomy there was no cancer present; 47 cases (11.6%) originally
diagnosed as AH and/or Grade 1 EC that were upgraded to high-
grade EC upon review

Location:

« Europe: n = 5 (56%)

« United States: n = 4 (44%)

Speciality:

« Specialist gynaecological pathologist: n = 9 (100%)

Other points:

« 39% full agreement (i = 0.434) was obtained using EIN criteria with
four categories

« 58% full agreement (k = 0.528) was obtained using EIN criteria with
three categories (a. benign endometrium; b. benign hyperplasia; c.
EIN and EC)

« 69% agreement (k = 0.589) was obtained using EIN criteria with two
categories (a. benign endometrium and benign hyperplasia; b. EIN
and EC).

Comments

Diagnosis of AH using a
binary classification of
nuclear atypia was highly
reproducible amongst
gynaecological pathologists
from three different
institutions. Overall, the
review of biopsies resulted
in increased diagnostic
concordance compared to
hysterectomies. Correlation
of biopsy findings with
clinical data and diagnostic
imaging could help improve
concordance.

Overall agreement was
increased when comparing
biopsy and final
hysterectomy specimens in
comparison to reviewing
the original pathology
report. The central
pathology review
highlighted areas of
diagnostic disagreement
that could ultimately impact
patient management, thus
highlighting the importance
of a central review process
in helping improve
diagnostic accuracy.
Complete agreement only
occurred in a third of the
biopsies using the EIN
criteria, and interobserver
variability was high even
amongst expert
pathologists. Reducing the
number of diagnostic
categories resulted in higher
levels of agreement. Better
reproducibility was
associated with diagnosing
benign endometrium or
endometrial cancer.

(Continued)
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Table 2. (Continued)

Interobserver agreement between pathologists
Author and Summary of findings Comments

/e Comparison Cohens/ %

Fleiss k | Agreement

Usubutun | Benign hyperplasia 0.64 nr. General pathologist | Pathologist Statistical association The reviewing pathologists
etal., 2012 characteristics characteristics No statistical association | had personal diagnostic
[29] Atypical hyperplasia/EIN | 0.47 nr. Years of pathology | according to between years of styles and were separated
: practice: diagnostic experience (P = 0.529), | into 3 main diagnostic style
Endometrial cancer 0.64 n.r. e <3:n=1(5%) agreement practice type (P = 0.926), | groups. The diagnosis of
All diagnostic groups 0.58 79% ©3-10:n =5(25%) | Years of pathology | training institution benign hyperplasia and EC
«>10:n =14 (70%) | practice: (P =0.082), practice resulted in better overall
Practice type o <3:(79% institution (P = 0.255), or | levels of agreement than
« Gynaecological agreement; K = classification system used | EIN. Agreement between
pathologist: n =17 | 0.71) in practice (P = 0.437) the reviewing pathologists
(85%) «3-10: (78.8% with the extent of and the reference standard
« General agreement; Kk = concordance (author diagnoses) was not
pathologist: n =3 0.66-0.77) No statistical association | statistically associated
(15%) «>10: (80.4% between personal pathologist-specific
Work setting: agreement; K = diagnostic style and years | characteristics and working
« University: n =16 | 0.45-0.83) of experience practices.
(80%) Practice type: (P = 0.435), practice type
« Public hospital: « Gynaecological (P =0.228), training
n=4(20%) pathologist: (79.7% | institution (P = 0.236),
Number of agreement; K = practice institution
endometrial biopsies | 0.45-0.83) (P =0.204), or
seen per month: « General classification system used

¢ <10:n=2(10%) | pathologist: (80.1% | in practice (P =0.376)
«10-20:n=1(5%) | agreement;x =

«>20:n=17 (85%) | 0.68-0.77)

Terminology used in | Uses the EIN

daily practice: criteria in daily
« EIN criteria:n =4 | practice:

(20%) « Yes: (82.1%

« WHO criteria: agreement; Kk =
n =16 (80%) 0.68-0.77)
Pathologists who « No: (79.2%
undertook the agreement; K =
recommended pre- | 0.45-0.83)
reading: Diagnostic style

e Yes:n =18 (90%) | group:
e« No:n =2 (10%) « Red: (83.2%

Current practice agreement; K =
institution is the 0.71-0.83)

same as training « Yellow: (81.4%
institution: agreement, K =

« Yes:n =13 (65%) | 0.66-0.82)

e No:n =7 (35%) « Green: (70.8%
Diagnostic style agreement; K =
group: 0.45-0.68)

e Red: n =5 (25%)

e Yellow:n =11

(55%)

o Green: n = 4 (20%)

(Continued)
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Table 2. (Continued)

Interobserver agreement between pathologists

Author and Summary of findings
/e Comparison Cohens/ %

Fleiss k | Agreement
Marotti Benign endometrium n.r. 67% General pathologist
etal, 2011 | g1 qometrial polyp or. 35% characteristics
[30] . Current position of

EIN 0.29 59% pathologist:

All groups combined n.r. 55% « Surgical
pathologist with
interest in
gynaecologic
pathology: n = 32
(41%)

« Surgical
pathologist with

other interests:

n =27 (35%)

« Residents/fellows:

n =15 (19%)

« Other: n = 4 (5%)
Time in practice,

years:

e <3:n =9 (12%)
«3-10:n =18 (23%)
« >10: n = 36 (46%)
« Still in training:

n=15(19%)

Practice setting:
« Academic: n = 52

(67%)

e Private:n = 19
(24%)

o Other: n =7 (9%)
Number of
endometrial
curettings signed-out
per month:

« >20: n = 35 (45%)
«10-20:n =25
(32%)

« <10:n =18 (23%)
Current terminology

used in daily
practice:

« WHO criteria:

n =56 (72%)

o EIN criteria:

n = 20 (26%)

o Other: n =2 (2%)
Pathologist location
and use of EIN

terminology:

« United States
pathologists: (32%)
« International
pathologists: (3%)

Pathologist characteristics according to
diagnostic agreement

Current position of pathologist:

« Surgical pathologist with interest in
gynaecologic pathology: (62% agreement)

« Surgical pathologist with other interests:

(57% agreement)

« Residents/fellows: (40% agreement)
« Other: (47% agreement)

Time in practice, years:

Comments

Opverall agreement between
the reviewing pathologists
with the reference standard
(authors’ diagnoses) was
largely unaffected

by current position, time in
practice, number of
endometrial curettings
signed-out per month, and
current terminology used.

o <3: (49% agreement)

« 3-10: (60% agreement)

o >10: (61% agreement)

« Still in training: (47% agreement)

Practice setting:

o Academic: (56% agreement)

« Private: (64% agreement)

o Other: (48% agreement)

Number of endometrial curettings signed-out
per month:

o >20: (59% agreement)

» 10-20: (58% agreement)

o <10: (45% agreement)

Current terminology used in daily practice:

« WHO criteria: (58% agreement)

« EIN criteria: (57% agreement)

o Other: (47% agreement)

Other points:

« 100% agreement was obtained by 2 surgical
pathologists with specialised interest in
gynaecological pathology

« Pathologists who undertook the pre-reading/
training module had higher levels of
concordance (60% agreement) compared to
those who did not (46% agreement)

(Continued)
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Table 2. (Continued)

Interobserver agreement between pathologists

Author and

/e Comparison Cohens/
Fleiss k

Hecht et al., | EIN vs non-EIN 0.54-

2005 [31] 0.62

Summary of findings Comments
%

Agreement

75% Speciality: The use of the EIN system
« Gynaecological pathologists: n = 3 (100%) reduces the likelihood of
Practice setting: false positive diagnoses. The
« Hospital-based working environment: n = 3 (100%) subjective application of
Main points: EIN can work in

All cases with a D-score >1 were accurately classified as benign using | conjunction with objective
subjective criteria. Cases with a D-score <1 resulted in more variable | morphometry to classify
interpretation; 27 cases were diagnosed as EIN and 15 as benign patients into ‘high’ and ‘low’
(100% sensitivity; 78% specificity) risk groups.

« All future cancer cases occurred in biopsies classed as ‘high-risk’

both subjectively and morphometrically

« Non-EIN diagnosis had a NPV of 100%

n.r. = not reported; EIN = endometrioid intraepithelial neoplasia; EH = endometrial hyperplasia; AH = atypical hyperplasia; NPV = negative predictive value;

VPS = volume percentage stroma.

https://doi.org/10.1371/journal.pone.0302252.t002

Pathologist working practices, novel diagnostic methods and interobserver
agreement

The main working practices highlighted in the studies are shown in Table 2. A common work-
ing practice for pathologists is to discuss cases at multidisciplinary meetings and to undertake
central pathology reviews. The study by Spoor and Cross in 2019 consisted of a central pathol-
ogy review, involving seven pathologists reviewing 630 biopsy specimens, which was then
compared to the original pathology report [27]. For the diagnosis of atypical hyperplasia, the
level of concordance between the central review and the original pathology report was 68%.
They then compared the central biopsy review diagnosis with the final hysterectomy diagnosis,
and found that even after central review, 23 cases (4.7%) were not correctly classified. Interob-
server variation was common when making the distinction between atypical hyperplasia and
EC, and in 8 cases (6.1%) EC was diagnosed at biopsy yet not present on hysterectomy, and 47
cases (11.6%) were upgraded from atypical hyperplasia/grade 1 EC to high-grade EC [27].

D’Angelo et al., investigated the agreement between three pathologists when diagnosing EH
by using a novel method of grading the “degree” of nuclear atypia, a practice which is not cur-
rently included in clinical pathology guidelines [26]. The assessment of the degree of nuclear
atypia using a binary classification of “low-grade” and “high-grade” in biopsy specimens
resulted in a high level of concordance (87.3-91.1%, x = 0.72-0.81). When assessing the degree
of atypia in hysterectomy specimens, there was reduced concordance amongst the reviewing
pathologists (72.2-79.8%, k = 0.60-0.71). Furthermore, the authors found that the degree of
nuclear atypia in biopsy specimens was predictive of the findings at hysterectomy
(p = 1.6x107"°). However, 16 patients diagnosed with “high-grade” atypical hyperplasia at
biopsy were actually found to have grade 1 EC at hysterectomy [26].

Three studies assessed methods of objective diagnosis that could help overcome issues asso-
ciated with subjective diagnosis [24,25,31]. Sanderson et al., undertook semi-automated com-
puterised image analysis to aid in the quantification of volume percentage stroma (VPS), using
21 consensus EIN (n = 10) and hyperplasia without atypia (n = 11) cases, with the “most
abnormal” regions of interest used for the analysis. A VPS of <55% was detected in only 3
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cases of EIN, and a VPS >55% was detected in all 11 cases of non-atypical EH [25]. They also
determined that immunohistochemical biomarkers such as ARID1A loss (p = 0.011) and
altered HAND?2 expression (p = <0.001) could aid pathologists in the detection of EIN, and a
biomarker panel consisting of HAND2, PTEN and PAX2 could aid in the diagnosis of benign
EH. The ‘D-score’ is the morphometrical analysis of endometrial gland architecture and cytol-
ogy, and a D-score <1 means EIN should be diagnosed, whereas a ‘D-score’ >1 means the
endometrial lesion is benign or non-atypical EH [8]. In the study by Hecht et al., they found
that all cases with a D-score >1 were correctly diagnosed as benign (100% specificity), however
the sensitivity was only 78% as 15 cases with a D-score <1 were diagnosed as benign [8,31]. In
the study by Zhao et al., a global (cytological changes in lesion background)-to-local (gland-to-
stroma ratio, lesion dimensions) multi-scale convolutional neural network (G2LNet) was
developed [24]. Two specialist pathologists (over 20 years endometrial pathology experience)
labelled all haematoxylin and eosin (H&E) slides and divided them into "normal endome-
trium", "hyperplasia without atypia" and "EIN". In an external validation dataset of 1631 H&E
images, the G2LNet deep learning model achieved an overall accuracy of 95.3% (95% CI: 94.3-
96.4%), which was higher than the junior pathologist with 85% (95% CI: 83.3-86.8%), but not
as good as the senior pathologist who had an accuracy of 98.7% (95% CI: 98.1-99.2%). Kappa
values between the three reviewing pathologists ranged from 0.775 to 0.9732, and the senior
pathologist had the highest Kappa agreement with G2LNet (k = 0.93) [24].

Additional outcomes of interest

Variation between diagnostic groups and intra-observer variation were additional outcomes of
interest. Six studies provided the Cohen’s k or percentage agreement for different diagnostic
groups, such as benign endometrium, atypical hyperplasia/EIN, and endometrial cancer,
Table 2 [24-26,28-30]. The diagnosis of atypical hyperplasia/EIN resulted in the worst overall
levels of agreement, ranging from 7.1% - 98.1% agreement across the six studies. In the study
by Zhao et al., the percentage agreement for the diagnosis of a normal proliferative endome-
trium was highest at 99.4-100%, compared to 82.8-97.8% for hyperplasia without atypia and
74.9-98.1% for EIN between the three reviewing pathologists with differing levels of experi-
ence [24]. In the same study, the G2LNet deep learning model accurately diagnosed 98.3% of
normal endometrium, 85.8% of hyperplasia without atypia and 99.8% of EIN cases-the latter
outperforming the reviewing pathologists [24]. Ordi et al., observed higher agreement levels
when diagnosing benign cycling endometrium and EC, compared to benign hyperplasia and
EIN [28], with Usubutun et al., concluding that the diagnosis of EIN resulted in poorer repro-
ducibility compared to benign hyperplasia and EC [29].

Two studies additionally assessed intraobserver outcomes, see S1 Table. Hecht et al., inves-
tigated the presence or absence of EIN on two separate occasions (timeframe not specified),
and reported that intraobserver variation was very good, with an overall reproducibility of
92.8% [31]. Similarly, D’Angelo et al., reported high level of intraobserver agreement when
grading the degree of nuclear atypia in both biopsy (96.2%- 97.5%) and hysterectomy speci-
mens (89.9%- 98.7%) [26]. In their study, the histological slides were re-reviewed by the
pathologists after a two-month interval.

Discussion

Interobserver variability amongst pathologists in the diagnosis of EH is well-documented, par-
ticularly in relation to the main histopathological factors that contribute to diagnostic discor-
dance. However, the influence of pathologist-specific characteristics and/or working practices
on interobserver variation in the diagnosis of EH is less well known, and to the best of our
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knowledge, this systematic review is the first to examine these factors. Eight studies were
included in this review, and the main findings demonstrated that pathologists have different
diagnostic styles, with some more likely to under-diagnose and some more likely to over-diag-
nose endometrial lesions. Some novel working practices were identified that are not currently
recommended in clinical guidelines, such as grading the “degree” of nuclear atypia, and the
incorporation of objective methods of diagnosis such as semi-automated quantitative image
analysis/deep learning models. These methods resulted in reproducible EH diagnoses,
although more research is warranted to determine their applicability in clinical settings.

Overall, this systematic review found little evidence that pathologist-specific factors influ-
enced interobserver variation in the diagnosis of EH including current position, time in prac-
tice, number of endometrial biopsies signed-out per month, or the classification criteria used
in daily practice. However, only two studies investigated pathologist factors in significant detail
[29,30]. An interesting observation was that pathologists could be grouped according to how
they make a diagnosis [29]. Different diagnostic styles was also evident across a number of the
included studies. For example, one pathologist in the study by Sanderson et al. diagnosed 20
more cases of EIN than the second reviewing pathologist, which may suggest that the patholo-
gists had different diagnostic styles, with one more likely to over-diagnose [25]. In addition,
this reduced concordance in the diagnosis of the atypical lesion was also observed in the other
studies, as the diagnosis of benign endometrium, hyperplasia without atypia or EC resulted in
higher levels of agreement than the diagnosis of atypical hyperplasia/EIN [24,28-30]. It might
have been expected that the level of pathologist experience, i.e., time in practice or general
pathologists compared to specialist gynaecological pathologists, might be a source of potential
interobserver variation and there was some evidence of this in this systematic review [24].
However, other studies demonstrated that specialist gynaecological pathologists and general
pathologists had similar levels of agreement with the reference standard [29,30], although both
these studies included pre-training and reading material that may have resulted in increased
concordance. Nonetheless, in some studies that included only specialist gynaecological pathol-
ogists [25,28], interobserver variation was still prominent, suggesting that even pathologists
with extensive years of specialist experience are still subject to differences in diagnostic opin-
ion. Accurately quantifying the extent of interobserver variation is a difficult process, and it is
possible that the high levels of interobserver variability in the included studies could in part be
explained by the study protocols. These protocols are not reflective of typical, everyday work-
ing practices where prior and additional endometrial biopsies can be reviewed, clinical
(including patient age) and radiological information is accessible, and colleagues can be con-
sulted [30,32].

In 2020, Cancer Research UK reported that without intervention, the number of histopa-
thologists in the UK is expected to reduce by 2% by 2029 [33]. This shortage of pathologists is
occurring on a global scale, with the number of new pathologists declining at a steady rate
[34-36]. It is therefore essential that resources and working practices are optimised whilst also
ensuring diagnostic accuracy. This review highlights that novel methods such as assessing the
degree of nuclear atypia [26], and the incorporation of objective approaches, deep learning
models and/or biomarker panels can potentially assist pathologists in their diagnosis
[24,25,31]. Classification of atypical hyperplasia on endometrial biopsy into low-grade and
high-grade atypical hyperplasia, using a binary classification of nuclear atypia, was shown to
be reproducible amongst gynaecological pathologists from three different institutions [26].
Specific cytological criteria were outlined in the study for both “high-grade” and “low-grade”
nuclear atypia, and architectural complexity was also considered. None of the cases of low-
grade atypical hyperplasia were associated with carcinoma on subsequent hysterectomy, while
in 61% of high-grade atypical hyperplasia’s on biopsy, there was a grade 1 endometrioid
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carcinoma in the hysterectomy specimen. However, this study included only 79 patients and
three pathologists. Therefore, future studies are required in larger patient populations to assess
wider reproducibility and to determine if this is a feasible method for incorporation into diag-
nostic criteria. Furthermore, assessing the degree of nuclear atypia in biopsy specimens was
more reproducible amongst the reviewing pathologists than in the hysterectomy specimens.
This may be attributed to the fact that in the biopsy specimens, the pathologists only had two
diagnostic categories (“low” or “high-grade” atypia) and in the hysterectomy specimens, there
were more diagnostic categories (see Table 2), which may have resulted in increased discor-
dance. Some of the included studies assessed both biopsy and hysterectomy specimens, which
are two very different specimen types. This may mean it can be difficult to make adequate
comparisons in terms of interobserver variation. In addition, many studies included patients
who had undergone both endometrial biopsy and hysterectomy, and so further studies specific
to endometrial biopsy specimens are required to identify ways of improving diagnostic accu-
racy of EH. This is especially relevant for EH patients diagnosed with hyperplasia without aty-
pia, or for patients who may not undergo hysterectomy immediately due fertility preservation
wishes or for whom surgery in contraindicated due to significant comorbidity. A study by Bry-
ant et al in 2019 which did not meet our systematic review criteria identified that selective
review of hysterectomy specimens (i.e., review of every other pathology block) could have
potential as a reproducible method that could reduce costs and assist in a declining pathology
workforce [37]. However, this method resulted in some cases of atypical hyperplasia being
diagnosed as benign, which could have negative consequences for patient management and
lead to the potential under- and over-treatment of patients. Therefore, it is currently unlikely
that selective review could be routinely implemented, although further large-scale studies are
warranted.

A number of studies aimed to investigate more objective methods of EH diagnosis. Com-
puter-aided imaging of gland-to-stroma ratio in EH specimens was found to assist pathologists
in improving diagnostic accuracy and was useful in the exclusion of an atypical hyperplasia/
EIN diagnosis, as all cases of non-atypical EH were successfully detected using a VPS >55%
[25]. However, the study was based on a very small set of only 21 EH specimens, and so larger
studies are required to validate this method as a potential diagnostic tool. The use of objective
computerised morphometry by Hecht et al., was shown to aid classification of patients into
‘high’ and ‘low’ risk groups that could predict progression to EC, although specificity was only
78% [31]. Furthermore, the D-score calculation may not be widely applicable in routine prac-
tice as it requires the use of costly equipment and highly experienced pathologists, whilst also
being highly time-consuming [16]. A deep learning model termed ‘G2LNet’ was shown to per-
form better than three reviewing pathologists in identifying atypical hyperplasia/EIN; however,
the pathologists performed better than G2LNet in identifying cases of normal endometrium
and hyperplasia without atypia [24]. Overall, the authors found that G2LNet was superior or
comparable to a junior (two-years’ experience) and mid-level pathologist (six-years’ experi-
ence), highlighting the potential of such methods in reducing the diagnostic burden on pathol-
ogists. The study however, did not assess the ability of G2LNet to distinguish between atypical
EH and EC, and the model struggled in the accurate interpretation of diagnostic features in
images with fragmentation [24]. Furthermore, consensus cases were used in place of diagnosti-
cally difficult cases, which may have increased the performance of the model. Nonetheless,
future research could investigate the potential of this innovative tool in assisting pathologists
with diagnostically difficult cases, as well as its utilisation as a screening tool for triaging
patients with a suspected diagnosis of EH [24].

In the most recently published 2020 WHO criteria for the diagnosis of EH, the use of bio-
markers was as an adjunct to diagnosis of atypical hyperplasia is listed as “desirable” criteria
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[6]. The suggested biomarkers are PTEN, PAX2 and mismatch repair proteins. Sanderson

et al.,, found that altered HAND2 expression and loss of ARID1A were significantly associated
with a diagnosis of atypical hyperplasia/EIN, and a biomarker panel of HAND2, PTEN and
PAX2 was able to identify those likely to have hyperplasia without atypia [25]. However, fur-
ther research is warranted to determine the applicability of this panel in the diagnostic setting
for EH. Interestingly, in a recently conducted international survey of pathologist working
practices in the diagnosis of post-hormonal therapy EH specimens, 76% of 95 responding
pathologists reported that they never undertook immunohistochemical staining [32]. This is
despite significant advancements in the field regarding the immunohistochemical profile of
EH, including proposed biomarker panels for the diagnosis of atypical hyperplasia/EIN [38].
In addition, a number of novel diagnostic innovations utilising biomarkers detected in blood,
urine, and cervico-vaginal fluid are currently under investigation for the early detection of EC,
but there has been limited investigation in EH [39]. More research is needed to help determine
whether biomarker panels and image analysis methods are feasible in everyday practice for the
diagnosis of EH.

Our systematic review has a number of strengths. We investigated recent trends in interob-
server variation by restricting eligible studies to those using updated classification criteria for
EH diagnosis. We used a broad search strategy and conducted independent screening of arti-
cles, as well as undertaking a thorough quality assessment of included studies. However, the
methodologies used to quantify interobserver variation varied across the studies, which made
it difficult quantify the extent of reproducibility. Furthermore, most studies very limited detail
on pathologist-specific characteristics, with small sample sizes and few reviewing pathologists,
so true reproducibility was hard to determine from such limited analyses and thus, may not be
reflective of everyday working practices. Although only recently published, none of the studies
used the updated 2020 WHO criteria, including the use of biomarkers, for the diagnosis of EH,
so it remains unclear whether this update could help overcome current reproducibility issues
(through the increased use of biomarkers). Despite these limitations, the findings from this
systematic review provides an insight into current pathologist working practices in the diagno-
sis of EH and could help inform future clinical guidelines to improve diagnostic accuracy.

Conclusions

In summary, this systematic review highlights the most recent trends in interobserver variation
and pathologist working practices in the diagnosis of EH and identified some possible
approaches to improve diagnostic concordance. Grading the degree of nuclear atypia and the
incorporation of objective methods of diagnosis such as computer-aided imaging and deep
learning models resulted in reproducible diagnoses, although most of the studies were small
with few reviewing pathologists. Furthermore, the applicability of these methods in routine
everyday practice is unknown. Future research efforts should investigate if incorporating such
working practices, including biomarker panels, is feasible and reproducible on a widespread
scale, with the ultimate aim of informing pragmatic interventions that could minimise varia-
tion in diagnostic reporting of EH, and therefore, optimising patient care.
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