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11.1 Endometrial Endometrioid Carcinoma
11.1.1 Background

Endometrial endometrioid carcinoma (EEC) is the most common histological type
of endomerial carcinoma (EC), accounting for more than 75% of all endometrial
carcinomas. The incidence of endometrial carcinomas varies globally, with age-
standardized incidence rates varying from 1 to 25 cases per 100,000 person-years in
2018. In Japan, the incidence of endometrial carcinomas has steadily increased in
recent years.

The median patient age at the onset of EEC was 63 years [1]. It is well known
that irregular genital bleeding is observed in postmenopausal women. The highest
incidence rates occur in North America and Europe. The lowest incidence rate (4-5
times lower) is found in countries with low human development index [1, 2].

A major cause of the development of EEC is prolonged exposure to unopposed
estrogen stimulation associated with an ovulation disorder such as polycystic ovar-
ian syndrome, estrogen replacement therapy, tamoxifen treatment for breast cancer,
and estrogen-producing neoplasms (e.g., ovarian thecoma and granulosa cell tumor.)
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Early menarche, late menopause, nulliparity, obesity, and diabetes are well-known
risk factors for EEC. In addition to these factors, Lynch syndrome with a mutation
in DNA mismatch repair genes and Cowden syndrome caused by PTEN mutation
are associated with familial endometrioid carcinoma [1, 2].

In the 1980s, ECs were classified as estrogen-dependent type I or estrogen-
independent type II tumors by Bokhman [3]. Representative subtypes of type I are
approximately corresponding to EECs, gradel (G1) and grade2 (G2), which develop
from endometrial atypical hyperplasia/endometrioid intraepithelial neoplasia (EIN).
On the other hand, EEC, grade3 (G3) is classified as type II, which arises de novo
from atrophic endometrium [2, 4].

In 2013, The Cancer Genome Atlas (TCGA) study divided endometrioid carci-
noma into four subgroups, integrating genomic profiles, such as “ultramutated,”
“hypermutated,” “copy number low,” and “copy number high.” [5]

11.1.2 Definition

EEC is a malignant epithelial neoplasm displaying varying proportions of glandu-
lar, papillary, and solid architecture, with neoplastic cells showing endometrioid
differentiation. These tumors are referred to as “endometrioid” due to their similar-
ity to proliferative phase endometrium [1, 2].

EEC is typically composed of columnar cells with eosinophilic and granular
cytoplasm and has a low account of mucin. Histologically the tumor displays glan-
dular, papillary with fine fibrovascular stroma, and solid pattern (Fig. 11.1). Nuclear

Fig. 11.1 EEC, G1. Histologic preparation shows irregularly shaped glands (a) and papillary
architecture (b). (HE stain, original magnification a and b: 20x)
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pseudostratification is usually observed and nuclear atypia is mild to moderate.
Nucleoli are mostly inconspicuous [1, 2].

EECs were divided into three grades (G1, G2 or G3) according to the FIGO grad-
ing criteria. They are based on histological architecture and cellular atypia.

The architectural grade was determined according to the presence of a solid com-
ponent without squamous differentiation. EEC, G1; the proportion of solid compo-
nents is no more than 5%. EEC, G2; the proportion of solid growth is 6-50%, and
EEC, G3; the glandular structure remains irregularly in some areas but is extremely
obscured, and more than half is composed of the solid component.

Alternatively, if the rate of solid component is less than 5% and 6-50%, but the
cell atypia is remarkable, raise G2, G3 instead of G1, G2, respectively [1, 2].

EECs have some histological and cytological variants. Squamous differentiation
is composed of keratinizing cells and/or eosinophilic cells, including as morules
occurring in 10-25% of endometrioid carcinomas. Other histological patterns
include a secretory pattern in which the majority of tumor cells resemble early
secretory phase endometrial glands, ciliated pattern, microglandular pattern, spin-
dle cell pattern, sertoliform pattern, and mucinous pattern in various proportions in
tumors [1, 2].

11.1.3 Cytologic Diagnostic Criteria [6-10] (Figs. 11.2,11.3,11.4,
11.5,11.6,11.7,11.8and 11.9)

e Almost all clusters show an irregular protrusion pattern.

e The nuclear overlap in epithelial cell clusters exceeds three layers, and the cohe-
sion of stroma cells around the clusters is absent.

e Usually, epithelial cell clusters show glandular complexity with an increasing
number of lumens, observed as a cribriform pattern in histologic preparation.

Fig.11.2 EEC, GI1. Same
sample as Fig. 11.1. This
cytological preparation
was obtained from a 40 y-o
woman with irregular
genital bleeding. Many
clusters show various sizes
and irregular shapes.
(Papanicolaou stain,
original magnification 4x)
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Fig. 11.3 EEC, Gl. Same sample as Fig. 11.1. (a): An irregularly shaped cluster with lumens
(arrowheads) is seen. (b): Fine strands consisted spindle cells (arrows) are seen in cellular clusters
and nuclei of tumor cells are arranged perpendicular to strands. (Papanicolaou stain, original mag-
nification a and b: 40x)

Fig. 11.4 EEC, G1. An irregularly shaped cluster with lumens (arrows) and nuclear overlapping
is seen. Nuclei are enlarged, have conspicuous nucleoli. (a) Corresponding to histologic prepara-
tion (b), dilated and irregular shaped glands are present. (a: Papanicolaou stain, original magnifica-
tion 60x, b: HE stain, original magnification 20x)
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Fig. 11.5 EEC, Gl. Irregularly shaped lumens (arrows) increase numbers in cellular clusters. (a)
Corresponding to histologic preparation (b), irregular shaped fused glands are present (arrow-
heads). (a: Papanicolaou stain, original magnification 40x, b: HE stain, original magnification 40x)

Large and irregular clusters - -
can be seen. (Papanicolaou
stain, original
magnification 10x)

Fig.11.6 EEC, G1, with 4" =&
squamous differentiation. . ‘ -
B

* The arrangement in the epithelial cell clusters becomes irregular, and the nucleus
frequently protrudes toward the periphery of the clusters.

e Glandular epithelial cells with nuclear swelling, anisonucleosis, increased chro-
matin granularity, and conspicuous nucleoli are observed.

* Mitosis can be occasionally observed.

* Hemorrhagic and necrotic exudate can be seen in the background.
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Fig. 11.7 EEC, Gl, with squamous differentiation. (a): Tumor cells with light-green cytoplasm
show a low N/C ratio, and nuclei are located centrally. (b): Corresponding to histologic preparation
shows squamous differentiation with single-cell keratinization (upper right). (a: Papanicolaou
stain, original magnification 40x, b: HE stain, original magnification 40x)
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Fig. 11.8 EEC, Gl, with ciliated change. Neoplastic epithelial cells (a) with cilia are intermin-
gled in cellular clusters (arrowheads). Corresponding to histologic preparation (b), ciliated neo-
plastic cells are seen along luminal aspect (arrows). (a: Papanicolaou stain, original magnification
60x, b: HE stain, original magnification 40x)
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Fig. 11.9 EEC, G1, with microglandular pattern. Medium-sized epithelial cluster shows mild
nuclear overlapping (a) and tiny irregular lumen (arrow) is seen in cluster (b). Corresponding to
histologic preparation (¢) show microglandular pattern and contain a number of neutrophils in
lumens. (a and b: Papanicolaou stain, original magnification 40x, ¢: HE stain, original magnifica-
tion 20x)

The method of evaluation of neoplastic epithelial clusters is mentioned in Chap.
5, as an algorithmic interpretational approach of endometrial cytology for the
Yokohama System.

11.1.4 Explanatory Note

Several previous studies have identified genetic alterations of ECs, such as micro-
satellite instability and mutation in the PTEN, PIK3CA, CTNNBI, ARIDIA, KRAS,
TP53 genes. In the Bokhman classification, each subtype shows characteristic fre-
quencies of molecular alterations, with type I tumors having more mutation in genes
for PTEN, PIK3CA, CTNNBI, ARIDIA, KRAS, whereas type II having more TP53
mutations [4].

Profiling the notable pattern of somatic genomic alterations, based on TCGA
study revealed that EECs were divided into four molecular subtypes: ultramutated
(POLE hotspot mutation), hypermutated (microsatellite instability), copy number
low, and high copy number [7]. These four subtypes show characteristic gene muta-
tions, histological features, clinical features, and prognosis [4, 5, 11, 12].
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As mentioned in the definition, EECs are divided into three grades using the
FIGO grading criteria in the fifth WHO Classification. When severe cellular atypia,
inappropriate for architectural grade, is seen in more than 50% of tumor cells, G1
and G2 tumors are considered one grade higher. The cellular atypia of EEC is gener-
ally evaluated according to the degree of nuclear size, shape, anisonucleosis, pseu-
dostratification and loss of polarity of nucleus, chromatin distribution, and nucleolus
size and numbers. Zaino et al. defined large, pleomorphic nuclei with coarse chro-
matin, and large irregular nucleoli, as the notable atypia to raise a grade of tumors
[13] (Fig. 11.10). Recently Norimatsu et al. evaluated nuclear morphometry by
using an image analysis software, and observed that endometrial LBC samples
exhibit an increase in nuclear enlargement, anisonucleosis, chromatin distribution
and structure, nuclear shape, nuclear arrangement, and nucleolar size in comparison
with EEC, G1, EEC, G3 and serous carcinoma [14]. Although the evaluation of cel-
lular atypia is somewhat subjective, the objective measurement of nucleolar size
could be indicative of cellular atypia and distinction between low-grade EEC and
high-grade EEC in endometrial LBC samples [14].

In the fifth WHO Classification, EECs are divided into four molecular classifica-
tions: POLE-ultramutated EEC, mismatch repair (MMR)-deficient EEC, p53-
mutant EEC, and no specific molecular profile (NSMP) EEC.

Among these four subgroups, POLE-ultramutated EEC, MMR-deficient EEC,
and p53-mutant EEC exhibit high-grade histological appearance, and NSMP EC are

Fig. 11.10 EEC, G2, with severe nuclear atypia. Many tumor cells have enlarged nuclei with
large and eosinophilic Nucleoli (a). Corresponding to histologic preparation shows an inconspicu-
ous glandular pattern. (b) (a: Papanicolaou stain, original magnification 60x, b: HE stain, original
magnification 40x)
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mostly as low-grade feature with squamous differentiation or morules. However,
the frequency of NSMP EC is approximately 30-40%, and other low-grade EECs
belong to three different subgroups (Figs. 11.11, 11.12, 11.13 and 11.14). In con-
trast, high-grade EECs were found in all four subgroups. Although the morphologi-
cal features of high-grade EECs are overlapped between these subgroups, clinical
outcomes show distinctive differences [15]. However, POLE-ultramutated EEC has
an excellent prognosis. This subtype shows frequently increasing nuclear size,
irregular nuclear contours, striking hyperchromasia, prominent nucleoli [16, 17]. As
mentioned above, accurate evaluation of the degree of nuclear atypia is considered
an indicative finding in estimating the biological features of tumors [13, 18], but in
the diagnosis of EEC, an approach from the aspect of tumor morphology alone may
be insufficient [19, 20]. The algorithm for diagnosis of EEC, using molecular and
immunohistochemical surrogate markers for each subgroup such as POLE hotspot
mutation, MSI assay, MMR-deficient, TP53 mutation, and p53 immunohistochemis-
try, has also been proposed [21] (Figs. 11.15, 11.16, 11.17, 11.18, 11.19 and 11.20).

Recently in LBC endometrial sample, PTEN mutation and loss of expression,
p53 overexpression and f-catenin nuclear expression could be evaluated by immu-
nocytochemistry or molecular techniques [22-24]. Application of DNA analysis
using LBC endometrial samples has been reported [25], and it will be possible to
consider cytological approaches including immunocytochemical and molecular
analysis in near future.

Fig. 11.11 EEC, G2. This cytological preparation was obtained from a 50 y-o woman. Clusters
show irregular shapes and marked overlapping (a and b). Irregularly shaped lumens are seen
within a cellular cluster (arrows). (b) (Papanicolaou stain, original magnification a and b: 40x)
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Fig.11.12 EEC, G2. Histological specimen corresponding to Fig. 11.11. Solid nest with lympho-
cytes infiltration is present (a). Complex papillary and glandular architecture can be seen (b). (HE
stain, original magnification a: 40x, b: 20x)
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Fig. 11.13 EEC, G2. Same sample as Fig. 11.12. (a): On immunocytochemistry (ICC), clusters
with loss of PTEN expression (upper), with a small number of PTEN expressing stromal cells can
be seen (lower). (b): tumor cells show complete loss of MLH-1 expression (upper). MLH-1
expressing atrophic endometrial epithelial cells can be seen (lower). (ICC, original magnification
a and b: 40x)
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Fig. 11.14 EEC, G2. Same sample as Fig. 11.11. On immunohistochemistry (IHC), neoplastic
glands show complete PTEN loss of expression (a) and loss of MLH-1 expression (b) (IHC, origi-
nal magnification a and b: 20x)

Fig. 11.15 EEC, G3. Nuclear overlapping and loose connection in cluster can be seen (a). Nuclei
show enlarged, various shapes, and display fine granular chromatin and conspicuous nucleoli (b).
(Papanicolaou stain, original magnification a and b: 60x)
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Fig. 11.16 EEC, G3 (same sample as Fig. 11.15) (a): On ICC, neoplastic clusters with loss of
PTEN expression, with numbers of PTEN expressing stromal cells, can be seen (bottom) (b):
almost neoplastic cells exhibit weak expression of p53. (ICC, original magnification a and b: 40x)

Fig. 11.17 EEC, G3 (same sample as Fig. 11.15). Corresponding to histologic preparation (a)
shows solid nests with lymphocytes infiltration. (b): Tumor nests show PTEN loss of expression.
(¢): Tumor nests show with complete loss of MLH-1 expression. (a: HE stain, original magnifica-
tion 20x%, b and ¢: IHC, original magnification 20x)
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Fig. 11.18 EEC, G3. Cluster shows an irregular shape. Significant nuclear overlapping in cluster
can be seen. Nuclei show enlarged, various shapes, and display granular chromatin and conspicu-
ous nucleoli. (Papanicolaou stain, original magnification a and b: 60x)
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Fig. 11.19 EEC, G3 (same sample as Fig. 11.18). (a): On ICC, PTEN expressing clusters. (b):
almost all tumor cells exhibit strong and diffuse nuclear expression of p53. (ICC, original magni-
fication a and b: 40x)
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Fig.11.20 EEC, G3 (same sample as Fig. 11.18). Corresponding histological specimen (a) shows
sheet-like solid nests. (b): Tumor nests show PTEN expression. (¢): Tumor nests show exhibit
strong and diffuse nuclear expression of p53. (a: HE stain, original magnification 20x, b and ¢:
IHC, original magnification 20x)

11.2 Serous Carcinoma, Including Serous Endometrial
Intraepithelial Carcinoma (SEIC)

11.2.1 Background

In the 1980s, ECs were classified as estrogen-dependent Type I or estrogen-
independent Type II. G1 and G2 EECs, which develop from endometrial atypical
hyperplasia/endometrioid intraepithelial neoplasia (EIN), are representative sub-
types of Type I. On the other hand, serous carcinoma (SC) and EEC, G3, are typical
subtypes of Type II. However, Type II tumors are infrequent and often develop in
postmenopausal women with underlying atrophic endometrium [26].

SC was first described by Hendrickson et al. in 1982, and has aggressive biologi-
cal features and poor prognosis [27, 28]. It has a relatively low prevalence, account-
ing for 2-10% of all ECs, and approximately half of all EC-related deaths [29].
Some studies have reported that p53 mutations are common in endometrial serous
carcinoma, and occur early in carcinogenesis [30, 31]. Recently, the Cancer Genome
Atlas (TCGA) study placed SC in the copy-number-high subgroup [32].
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11.2.2 Definition

In the fifth edition of the WHO classification in 2020, SC is defined as a carcinoma
with diffuse, marked nuclear pleomorphism, and a typical papillary and/or glandu-
lar growth pattern. In addition to arising in the atrophic endometrium, development
within endometrial polyps is also possible [33].

SC shows papillary structures with delicate fibrovascular stroma or thick fibrous
strands and, sometimes, tubular structures or slit-like spaces. Tubular structures
composed of columnar tumor cells needing to be differentiated from ECC are some-
times recognized. A solid pattern can also be present. Tumor cells are polygonal to
columnar and show high-grade nuclear atypia, with a high N/C ratio. Psammoma
bodies are occasionally encountered [34].

11.2.3 Cytologic Diagnostic Criteria (Figs. 11.21,11.22,11.23,11.24,
11.25,11.26 and 11.27)

¢ Frequent hemorrhagic background.

e Frequent occurrence of small to medium-sized 3D clusters showing irregular
structure.

e Nuclear overlapping of three or more layers and irregular cellular arrangement in
the clusters.

e Light-green cytoplasm in almost all tumor cells.

e Nuclei show the increased size and marked pleomorphism with coarse nuclear
chromatin and large and eosinophilic nucleoli; cells with bizarre nuclei and/or
multinucleated syncytial tumor cells are frequently found.

e Mitotic activity is usually high and atypical mitoses are easily recognized.

e Psammoma bodies are present in approximately 30% of cases.

Fig.11.21 SC. Irregularly y

shaped 3D cluster of tumor

cells showing disordered B F ‘ ‘
cellular arrangement.

(Papanicolaou stain,
original magnification 40x) F
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Fig. 11.22 Serous
carcinoma. Tumor cell
clusters are small to
medium-sized and show
nuclear overlapping of
three or more layers.
(Papanicolaou stain,
original magnification 40x)

Fig.11.23 SC. Tumor
cells with light-green
cytoplasm show increased
N/C ratio,
Hyperchromasia,
conspicuous nucleoli, and
pleomorphism.
(Papanicolaou stain,
original magnification 40x)

Fig. 11.24

SC. Corresponding
histologic preparation
shows a complex papillary
pattern. Dissociated tumor
cells and necrotic debris
are also seen. (HE stain,
original magnification 20x)
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Fig. 11.25 SC (tiny lesion). 60 y-o patient (a): a medium-sized irregular cluster of tumor cells
from small lesion of serous carcinoma shows pleomorphic, enlarged nuclei. (b): small-sized clus-
ters show nuclear overlapping of more than three layers. (Papanicolaou stain, original magnifica-
tion a and b: 40x)

Fig.11.26 SC (tiny
lesion). Corresponding
histologic preparation
shows complex papillary
and tubular structures.
Tumor is confined to an
endometrial polyp and

4 mm in maximum size.
(HE stain, original
magnification 4x)

In the fourth edition of the WHO classification, serous endometrial intraepithe-
lial carcinoma (SEIC) is described as an immediate precursor lesion of SC that has
no stromal invasion [35]. Similar to SC, the background consists of atrophic endo-
metrium and endometrial polyps. SEIC and serous carcinoma less than 1 cm in
maximum size, without myometrial and vascular invasion or extrauterine metasta-
ses, have a favorable prognosis [36-38]. Unlike EEC, there is a potential for
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Fig.11.27 SC (tiny lesion). Same case as Fig. 11.26. (a): showing small papillary structures with
fibrovascular stroma. (b) tumor cells show enlarged and pleomorphic nuclei. (HE stain, original
magnification a and b: 20x)

extrauterine metastasis to the abdominal cavity. In the fifth edition of the WHO clas-
sification in 2020, SEIC is included in the SC group. SEIC is synonymous with SC;
and should therefore be used as a descriptive, not diagnostic term [39]. Endometrial
cytology plays an important role in diagnosing SEIC, which is often asymptomatic
and has a small size.

In SEIC, tumor cells replace the normal endometrial lining (refer to Chap. 12).
In addition to showing a tubular structure that retains the original glandular shape,
small papillary and sieve-like structures are also seen. There may be a distinctive
front at the non-neoplastic endometrial glandular epithelium. Tumor cells are
polygonal, hobnail-like, and columnar. Nuclear atypia is marked, similar to that of
SC, and the N/C ratio is high. Neoplastic nuclei are 4-5 times larger than atrophic
endometrial glandular nuclei in the background.

The cytologic findings in SEIC are almost the same as those of SC described
above, except that the background is clear and the degree of nuclear overlapping is
often one or two layers [40, 41] (Figs. 11.28, 11.29, 11.30 and 11.31).

11.2.4 Explanatory Note
Zheng et al. reported that approximately 90% of SCs show mutation-pattern over-

expression of p53 protein, with a frequency of TP53 gene mutations of 96%. The
estrogen receptor (ER) is expressed in less than 30% of cases, and insulin-like
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Fig. 11.28
SEIC. Medium-sized
clusters derived from
SEIC, show nuclear
overlapping of more than
three layers, in contrast to
an atrophic endometrial
cell cluster (lower left).
(Papanicolaou stain,
original magnification 40x)

Fig. 11.29

SEIC. Medium-sized
irregular cluster of tumor
cells from SEIC shows
enlarged and pleomorphic
nuclei. (Papanicolaou
stain, original
magnification 40x)

Fig.11.30 SEIC. Large
and eosinophilic nucleoli
are seen in many tumor
cells of

SEIC. (Papanicolaou stain,
original magnification 60x)
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Fig. 11.31 SEIC. (a): corresponding histologic preparation Figs. 11.10, 11.11 and 11.12, shows
glandular structures with no evidence of stromal invasion. (b): tumor cells are confined to the
glands in atrophic endometrium and detached tumor cell clusters. (¢): almost all tumor cells exhibit
strong and diffuse nuclear expression of p53. (a and b: HE stain, original magnification 20x,
c: IHC, original magnification 20x)

growth factor II mRNA-binding protein 3 (IMP3), which is an oncofetal protein
expressed during the fetal period, is overexpressed in 91% of cases. Furthermore,
the labeling index of Ki-67 is as high as 30-50% or more, and p16 expression is
observed in more than 90% of cases [39, 42, 43].

When diagnosing SC, marked nuclear atypia and irregular-shaped tumor cell
clusters are important clues. However, villoglandular-type EEC, high-grade EEC,
and clear cell carcinoma should be differentiated from SC.

Using LBC preparations, it is easy to prepare unstained samples for ancillary
tests, such as immunocytochemistry. Positive stains for p53, p16, ER, and IMP3;
can be used to support the diagnosis (Figs. 11.32 and 11.33).

SEIC also frequently shows mutation-pattern overexpression of p53 protein, and
TP53 gene mutations are seen in 63—72% of cases. ER are also expressed in less
than 30% of cases, similar to serous carcinoma.
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Fig. 11.32 SC. (a): small to medium-sized irregular clusters of tumor cells show enlarged, pleo-
morphic nuclei, with conspicuous nucleoli, and overlapping of more than three layers. (b): corre-
sponding histologic preparation shows papillary structures and detached tumor cells clusters. (a:
Papanicolaou stain, original magnification 40x, b: HE stain, original magnification 20x)

Endometrial glandular dysplasia (EmGD), a precancerous lesion of endometrial
serous cancer, has been proposed to be a possible precursor of serous cancer (both
SEIC and SC) [39, 44], judging from the occurrence of p53 abnormalities in the
resting atrophic endometrium (so-called “p53 signature”) [45]. This condition
shows coexistence and transition from the surrounding atrophic endometrial glands
or SEIC. The histopathologic features of EmGD consist of nuclear hyperchromasia
with inconspicuous nucleoli and no atypical mitoses. The size of the lesion may be
as small as 1 mm or less. Many of them show a mutation-pattern overexpression of
p53 protein, and the frequency of TP53 gene mutations is 43%. ER and PgR are
expressed in 70-95%, 60-90% of cases, respectively. Cytological examination
plays an important role in the detection of this state and may assist appropriate clini-
cal management in order to prevent the development of endometrial serous cancer
(Figs. 11.34, 11.35 and 11.36).
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Fig. 11.33 SC (same cases as Fig. 11.32). Immunocytochemical staining (a): tumor cells do not
express or show reduced expression of ER (inset; IHC staining) (b): almost all tumor cells exhibit
strong and diffuse nuclear expression of p53 (inset; IHC staining) (c): almost all tumor cells show
cytoplasmic expression of IMP3 (inset; IHC staining). (d): increased ratio of Ki-67 labeled tumor

cells in cluster (inset; IHC staining, original magnification 20x) (ICC, original magnification
a—d: 40x)

Fig. 11.34 A sheet-like - » . * a
epithelial cell cluster is

seen. Epithelial cells show

increased nuclear size with

anisonucleosis and .
hyperchromasia,

suggesting neoplastic

nature. (Papanicolaou .
stain, original

magnification 40x)
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Fig. 11.35 Same cases as , e
Fig. 11.14; showing mild
nuclear overlapping. -
(Papanicolaou stain,
original magnification 40x)
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Fig. 11.36 Cytologic preparation from the same sample of Figs. 11.34 and 11.35, (a): ER is
expressed in almost all cells. (b): almost all tumor cells exhibit strong and diffuse expression of
pl6. (¢): almost all tumor cells exhibit strong and diffuse nuclear expression of p53. (d): IMP3 is
not expressed. (ICC, original magnification a—d: 40x)
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11.3 Clear Cell Carcinoma
11.3.1 Background

Clear cell carcinoma (CCC) was first described in 1973 and classified as an estrogen-
independent endometrial carcinoma [46]. The prevalence of CCC is approximately
1-6%. Similar to SC, CCC occurs in patients aged 65 years or older, and postmeno-
pausal irregular uterine bleeding is a frequent symptom. CCC tends to show a high
nuclear grade and is associated with deep myometrial invasion and vascular inva-
sion. Occasionally endometrial polyps occur. It is worth mentioning that the risk of
venous thromboembolism increases in patients with CCC. Studies have reported the
overall 5-year survival rate to range from 55% to 78% [47—49].

DeLair et al. reported that genetic mutations occur in POLE, MMR-D, and p53
in endometrial CCC [50]. Although it had been considered a Type 2 endometrial
carcinoma, its genomic profile shows that endometrial CCC can be regarded as a
tumor with intermediate features between EEC and SC.

11.3.2 Definition

In the fifth edition of the WHO classification of 2020, CCC is defined as a carci-
noma with a papillary, tubulocystic, and/or solid architectural pattern and variably
pleomorphic, cuboidal, flat, or hobnail cells with clear or eosinophilic cytoplasm
[49]. Nuclear atypia is generally moderate to severe, with anisonucleosis and dis-
tinct eosinophilic large nucleoli. Atypical mitoses are rarely seen. Deposits of base-
ment membrane-like substances, including type IV collagen and laminin, are found
in the stroma in form of eosinophilic hyalinized material [51, 52].

11.3.3 Cytologic Diagnostic Criteria (Figs. 11.37,11.38,11.39, 11.40
and 11.41)

* Sheet-like clusters or small papillary clusters with mild nuclear overlapping.

e Tumor cells have abundant and clear cytoplasm with oval to round nuclei with
eosinophilic large nucleoli, and finely granular chromatin.

* Hobnail tumor cells protruding from the margin of clusters and a low N/C ratio.

11.3.4 Explanatory Note

EEC with clear cell areas secondary to secretory changes and squamous differentia-
tion should be differentiated from CCC.

Immunohistochemically, endometrial CCC shows usually a negative or reduced
expression of estrogen receptor (ER) and progesterone receptor (PgR), whereas it is
frequently positive for hepatocyte nuclear factor-1 beta (HNF-1p) and Napsin A;
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Fig. 11.37

CCC. Irregularly shaped
sheet-like cluster of tumor
cells is seen. Almost all
tumor cells have abundant
clear cytoplasm.
(Papanicolaou stain,
original magnification 40x)

Fig.11.38

CCC. Corresponding
histologic preparation
shows a complex papillary
pattern and tubular
structures. (HE stain,
original magnification a
and b: 20x)

Fig. 11.39 CCC. Tumor
cells have abundant clear
or pale eosinophilic
cytoplasm, and also show
increased nuclear size
with, anisonucleosis.
(Papanicolaou stain,
original magnification 40x)
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Fig. 11.40 CCC. Tumor
cell cluster shows mild
nuclear overlapping.
(Papanicolaou stain,
original magnification 40x)

Fig.11.41 CCC. Tumor
cell clusters show mild
nuclear overlapping.
Tumor cells show.
Increased nuclear size,
pleomorphism, fine
granular chromatin, and
conspicuous nucleoli.
(Papanicolaou stain,
original magnification 40x)

these frequencies are 67-100% and 56-93%, respectively. Overexpression of p53 is
found in approximately 22-72% of these cases [49, 53]. A study by Lim et al.
reported that the positivity of HNF-1f, Napsin A, ER, and PgR was 43%, 14%,
86%, and 75%, respectively, in cases of EEC with clear cell areas [54]. Therefore,
the use of immunocytochemical panels composed of HNF-1f, Napsin A, ER, and
PgR is useful for distinguishing EEC with clear cell areas from CCC. However, it
has also been reported that HNF-1f expression tends to be also frequent in SC and
high-grade EEC, and it is hence necessary to pay attention to the differential diag-
noses (Figs. 11.42 and 11.43).
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Fig. 11.42 CCC. Cytologic preparation from the same sample of Figs. 11.39, 11.40 and 11.41,
(a): approximately half of tumor cells exhibit strong nuclear expression of p53. (b): tumor cells are
stained for Napsin A. (¢): tumor cells have PAS-positive glycogen in cytoplasm. (a and b: ICC,
original magnification 40x, ¢: PAS reaction, original magnification 40x)

The Arias-Stella reaction (ASR) and metaplastic changes due to hormonal or
irritative stimulation are also difficult to differentiate from CCC. Because these are
benign lesions, overdiagnosis should be avoided. In ASR, epithelial cell clusters are
composed of cells with clear or vacuolated abundant cytoplasm containing glyco-
gen. The nuclei show some degree of atypia, with an irregular shape, anisonucleo-
sis, relative hyperchromasia, and presence of intranuclear cytoplasmic inclusions
[55]. Philip et al. reported that HNF-1p and Napsin A are highly expressed in ASR
(100% and 96%, respectively). Expression of the ER and PgR is also reduced or
absent [56]. Because of the overlapping IHC profile of ASR, immunohistochemical
studies for differentiated CCC are limited. Clinical information, such as the pres-
ence or absence of pregnancy or hormonal drug use, is important. On the other
hand, metaplastic changes with large nucleoli mimicking CCC are positive for ER,
PgR, and negative for Napsin A and HNF-1p. This expression pattern is a useful
ancillary finding for distinguishing CCC (Figs. 11.44 and 11.45).
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Fig.11.43 CCC. Corresponding histologic preparation Figs. 11.39, 11.40 and 11.41, (a): approx-
imately almost tumor cells exhibit strong nuclear expression of p53. (b): tumor cells are stained for
Napsin A. (IHC, original magnification a and b: 20x)
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Fig. 11.44 (a) Metaplastic epithelial cells with abundant pale eosinophilic cytoplasm should be
differentiated from CCC. (b) These epithelial cells show nuclear enlargement with prominent
nucleoli. (Papanicolaou stain, original magnification a and b: 40x)
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11.45 Cytologic preparation from the same sample of Fig. 11.44, (a): approximately almost

all epithelial cells show expression of ER. (b): Napsin A is not expressed. (ICC, original magnifi-
cation a and b: 40x)
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