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Abstract

Background: The precursors of clear cell endometrial carcinoma (CC-EC) are still undefined. Here, we deal with the
diagnostic issues related to CC-EC precursors by presenting a morphological, immunophenotypical and molecular
study of two representative cases and discussing the relevant literature.

Case presentation: Our and previous cases suggest that clear cell endometrial intraepithelial carcinoma (CC-EIC) is
a real entity, which may be distinguished from metaplastic/reactive changes and from its serous counterpart. CC-EIC
appears associated with atrophic polyps and may be diagnosed based on morphological and immunophenotypical
features of CC-EC in the absence of invasive disease. We described a p53-mutant putative precursor characterized
by high-grade nuclei in the absence of other distinctive features. Two putative low-grade precursors resembled
atypical tubal metaplasia and endometrial intraepithelial neoplasia, although immunohistochemistry could not
support their relationship with CC-EC.

Conclusions: In conclusion, pathologists should be aware of the existence of CC-EIC, since its correct diagnosis
may be crucial for a correct patient management. Although several putative earlier precursors have been described,
they does not show univocal features that allow their recognition in the common practice. Further studies are
necessary in this field.
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Background
CC-EC is an uncommon neoplasm which has typically
been regarded as a “type II” endometrial carcinoma,
since it arises in atrophic endometrium, shows aggres-
sive behavior and is not estrogen-related [1, 2]. Despite

not having specific recognized mutations, CC-EC shows
peculiar morphological and immunophenotypical fea-
tures that allow its distinction from endometrioid and
serous carcinoma. Histologically, CC-EC shows a com-
bination of papillary, tubulocystic and solid architecture;
tumor cells are cuboidal/polygonal, show cytoplasmic
clearing/eosinophilia and a typical “hobnail” appearance,
in the absence of overt stratification. Nuclear pleo-
morphism and mitotic activity are often not striking [2,
3]. By immunohistochemistry, CC-EC is characterized
by negativity for estrogen receptor (ER), progesterone
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receptor (PR) and WT1, and positivity for Napsin A,
HNF1β (hepatocyte nuclear factor 1, less specific in
the endometrium than in the ovary), and α-
methylacyl-coenzyme-A racemase (AMACR, still not
validated) [2–5].
Compared to endometrioid and serous carcinoma, lit-

tle is known about precursors of CC-EC. To date, only
one series of putative precursors of CC-EC has been
published [6]. In addition, very few cases of CC-EC lim-
ited to the endometrial epithelium have been described
[7–9]; such cases have been referred to as “endometrial
intraepithelial carcinoma (EIC), clear cell-type” or “clear
cell EIC” (CC-EIC).
Herein, we report two cases of CC-EIC accompanied

by putative CC-EC precursors, discussing the morpho-
logical and immunophenotypical aspects and the diag-
nostic issues related to such lesions.

Case presentation
Case 1
A 69-year-old patient underwent hysterectomy due to
postmenopausal bleeding; the patient did not refer hor-
mone therapy. On gross examination of the hysterec-
tomy specimen, the endometrial cavity was occupied by
a large atrophic-cystic polyp. On histological examin-
ation, the surface of the polyp showed a papillary prolif-
eration of atypical cells with large nuclei with dispersed
chromatin and evident nucleoli, clear to eosinophilic
cytoplasm and hobnail appearance; mitotic activity was
noted in the form of occasional mitotic figures. On im-
munohistochemistry, such proliferation was negative for
ER, PR and vimentin (in contrast to the background
endometrium), with diffuse p16 expression (variable in-
tensity), increased Ki67 expression, diffuse positivity for
Napsin A and focal positivity for AMACR (Fig. 1).
Mismatch repair expression was retained. P53 immuno-
staining showed a null-type mutant pattern; direct se-
quencing confirmed the presence of a pathogenetic
mutation in the exon 4 of TP53, i.e. c.487T>A,
p.(Tyr163Asn). The subsequent sampling of the entire
endometrial cavity showed atrophic endometrium with
no further evident lesions. On the account of these find-
ings, a diagnosis of CC-EIC was made. On the endomet-
rial polyp surface and adjacently to CC-EIC, there was a
proliferation of atypical cells that shared cytological and
immunophenotypical features with CC-EIC (including
the aberrant p53 pattern) but lacked the papillary archi-
tecture and the expression of Napsin A and AMACR;
these features suggested that such lesion might represent
a high-grade precancerous lesion of CC-EC (Table 1).
Just beneath this lesion, there was a gland lined by eo-
sinophilic, mildly-to-moderately atypical cells with cilia,
resembling atypical tubal metaplasia [10]; such area
shared with CC-EIC the loss of ER, PR and vimentin,

and the diffuse p16 expression (although less intense),
which stood out from the surrounding resting endomet-
rium; the expression of Ki67 was higher than in the rest-
ing endometrium but definitely lower than in CC-EIC;
Napsin A and p450S were negative and p53 immuno-
staining was wild-type (Table 1). The hypothesis of such
area being a precursor of CC-EIC rather than a meta-
plastic change could not be demonstrated.

Case 2
A 69-year-old woman with no history of hormone ther-
apy underwent hysterectomy due to a diagnosis of CC-
EC on endometrial biopsy; the lesion appeared to arise
on a polyp. On the hysterectomy specimen, the invasive
CC-EC was limited to the polyp; the endometrium was
entirely sampled. Near to the polyp base, an area of CC-
EC limited to the endometrial surface lining was
observed (Fig. 3). Both the invasive and intraepithelial
CC-EC showed p53 overexpression and retained mis-
match repair expression, with negativity for ER, PR and
vimentin and positivity for Napsin A expression
(AMACR was negative instead) (Fig. 4). At the polyp
base there was an area of tubal metaplasia with eosino-
philic change and nuclear atypia, similar to that de-
scribed in case 1, with also a similar immunphenotype
(but with higher Ki67 expression) (Figs. 1 and 2). Fur-
thermore, in the adjacent endometrium a focal area of
complex, crowded glands with altered cytology (reminis-
cent of atypical endometrial hyperplasia/endometrioid
intraepithelial neoplasia, AEH/EIN) and with clear-to-
eosinophilic cytoplasm was observed; such area showed
increased Ki67 expression compared to the background
endometrium, with a p53 wild-type expression, negativ-
ity for Napsin A and AMACR (Figs. 3 and 4) and
retained ER, PR and vimentin expression (consistent
with a more “endometrioid” phenotype) (Table 1). Des-
pite the seemingly “premalignant” appearance and the
clear cell changes, the immunophenotype could not sup-
port a relationship with CC-EC.

Discussion
In the last decades, great advances have been achieved in
the study of precursor lesions of endometrial carcinoma.
For endometrioid carcinoma, AEH/EIN has emerged as
a recognized precursor, which is distinct from benign
endometrial hyperplasia by morphological, immunophe-
notypical and molecular features [1].
For serous carcinoma, an intraepithelial form termed

“EIC” has been described [1]. Serous EIC (S-EIC) report-
edly arises in atrophic endometrium, especially in polyps,
and recapitulates the morphological and immunopheno-
typical features of invasive serous carcinoma (i.e. high-
grade nuclear atypia, scalloped profile, cellular tufting,
high mitotic index, p53 mutant-type pattern, high Ki67
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Table 1 Morphological and immunohistochemical features of normal endometrium and putative CCC precursors

Resting
endometrium

Putative low-grade precur-
sors (metaplasia-like)

Putative low-grade pre-
cursors (AEH/EIN-like)

Putative high-
grade precursor

CC-EIC Invasive CC-EC

nuclear
atypia

none low-grade low-grade high-grade high-grade high-grade

architecture flat flat flat flat papillary solid

ER, PR positive negative positive negative negative negative

ki67 low moderate
(focally high)

moderate high high high

vimentin positive negative positive negative negative negative

p16 weak and
patchy

weak/moderate and diffuse patchy moderate/strong
and diffuse

moderate/
strong and
diffuse

moderate/
strong and
diffuse

p53 wild-type wild-type wild-type mutant-type mutant-type mutant-type

Napsin A,
AMACR

negative negative negative negative positive positive

AEH/EIN Atypical Endometrial Hyperplasia/Endometrioid Intraepithelial Neoplasia, CC-EIC Clear Cell-Endometrial Intraepithelial Carcinoma, CCEC Clear Cell
Endometrial Carcinoma

Fig. 1 Case 1. Clear cell endometrial intraepithelial carcinoma on the surface of an endometrial polyp. Hematoxylin-eosin at 40X (a) and 200X (b)
magnification. Immunohistochemical stain for estrogen receptor (c), Ki67 (d), Napsin A (e) and AMACR (f) (magnification 200X)
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expression), which allow its identification [1, 4]. Al-
though limited to the endometrial epithelium, the 5th
WHO (World Health Organization) classification of Fe-
male Genital Tumors recommends to consider S-EIC as
a potentially metastatic disease, as it can metastasize to
extrauterine sites [11]. On this account, it appears ap-
propriate to consider S-EIC as a small or early serous
carcinoma rather than an in situ or precancerous lesion.
In addition to S-EIC, an earlier premalignant form

termed “endometrial glandular dysplasia” (EmGD) has
been proposed [1]. EmGD is described as an intraepithe-
lial lesion arising in atrophic endometrium, character-
ized by evident nuclear atypia (that is milder than that of
S-EIC), increased Ki67 expression and a p53 mutant-
type pattern [1, 4, 12, 13]. Remarkably, the p53 mutant
pattern is also identifiable in so-called “p53 signature”,
which lacks cytologic atypia and is regarded as a very

early precursor of serous carcinoma [1, 4, 12]. However,
EmGD is not recognized in the current WHO classifica-
tion of Female Genital Tumors [11].
Both EIC and EmGD have also been proposed as steps

of CC-EC carcinogenesis under the name of clear cell
type EIC and EmGD (“CC-EIC and CC-EmGD”); how-
ever, very few data have been published about these en-
tities [7–9, 13], and the current WHO classification does
not list any putative precursor of CC-EC [11].
Based on our and previous reports, CC-EIC appears

analogous to S-EIC, as it recapitulates the morphologic
and immunophenotypical features of its invasive coun-
terpart [7–9, 13]. On this account, CC-EIC may be de-
fined by the presence of atypical cuboidal, polygonal or
hobnail cells with clear-to-eosinophilic cytoplasm, which
replace the epithelial lining of endometrial surface and
glands with no evidence of invasive disease. In our cases,

Fig. 2 Case 1. Metaplastic-like putative low-grade precursor (green arrow), putative high-grade precursor (yellow arrow) and CC-EIC (red arrow)
(magnification 200X). Hematoxylin-eosin with detail of the putative low-grade lesion (a) and immunohistochemistry for estrogen (b), p16 (c), Ki67
(d), p53 (e) and Napsin A (f)
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immunohistochemistry also showed consistent results,
with negativity for ER and PR and positivity for Napsin
A (in both cases) and AMACR (in Case 1); the presence
of p53 abnormalities supported its neoplastic nature,
and its relationship with CC-EC in Case 2. Based on
these features, CC-EIC would fulfill at least two of the
five National Cancer Institute (NCI) requirements to be
defined as a precancer [14], since it can be distinguished
from both normal endometrium (requirement 3) and
CC-EC (requirement 4).
The distinction from reactive/metaplastic changes (re-

quirement 5) may be more difficult, since these may
show eosinophilic, hobnail or clear cell morphology and
nuclear atypia [11, 15–18]. According to our experience
and previously published studies, such changes may
show reduced ER, PR and vimentin expression and in-
creased p53, p16 and Ki67 expression [15–18]. Tubal

metaplasia may also show nuclear atypia which may
raise the concern of EIC [10]. This may result in over-
treatment with unnecessary hysterectomy. In S-EIC, the
striking features such as pleomorphic nuclei, high
mitotic index, mutant-type p53 pattern and high Ki67
expression may exclude benign changes [1, 4, 10]. In
CC-EIC, nuclear pleomorphism and mitotic activity are
typically milder than serous carcinoma [1], Ki67 may be
lower [19], and most CC-ECs lack TP53 mutations [1];
however, the combination of the typical morphological/
immunohistochemical features, as seen in our cases,
would still allow a correct diagnosis.
In order to fully recognize CC-EIC as a precursor of

CC-EC, it should be proven that CC-EIC is associated
with increased risk of CC-EC (requirement 1), and that
CC-EC arises from cell within CC-EIC (requirement 2).
Although the unavailability of follow-up data and the

Fig. 3 Case 2. Hematoxylin-eosin findings. Panoramic view (a magnification 40X) (b magnification 20X) of invasive clear cell carcinoma (black
arrow) and metaplastic-like putative precursor (green arrow) in en endometrial polyp, with CC-EIC (red arrow) and AEH/EIN-like putative precursor
(yellow arrow) in the surrounding endometrium. Details of invasive clear cell carcinoma (c magnification 200X), CC-EIC (d magnification 200X),
metaplastic-like putative low-grade precursor (e magnification 400X), AEH/EIN-like putative low-grade precursor (f magnification 200X)
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rarity of early diagnosed CC-EC prevent the assessment
of these aspects, the relationship between CC-EIC and
CC-EC appears supported by their striking similarity;
furthermore, despite being very rare as isolated finding
CC-EIC has been reported in association with invasive
CC-EC [20].
Whether CC-EIC has metastatic potential like S-EIC

remains to be defined. This would impact the patient
management, since a potentially metastatic lesion should
be treated as an early or small CC-EC. Even in the ab-
sence of metastatic potential, the finding of CC-EIC in
hysteroscopic specimens (such as atrophic polyps) would
still require hysterectomy. Being aware of the possibility
of CC-EIC may aid pathologists in not missing such le-
sion. On this account, if the pathologist is dealing with a
neoplasm reminiscent of S-EIC but with inconsistent
p53 and Ki67 expression, features of CC-EIC (including

the typical immunohistochemical profile) should also be
assessed before making a diagnosis of reactive change.
Diagnostic issues are still more complex for earlier

precursors of CC-EC, i.e. premalignant intraepithelial le-
sions termed CC-EmGD by Fadare et al. [13]. Fadare
et al. described these putatuive precursors as highly het-
erogeneous lesions, including isolated glands or surface
epithelium displaying cytoplasmic clearing/eosinophilia,
hobnail changes, varying degrees of nuclear atypia and
increased p53 and Ki67 expression compared to normal
endometrium [7]. However, these features may also be
found in reactive/metaplastic changes (as discussed
above), and these putative precursors were identified as
such because they were adjacent to CC-EC. In our cases,
three types of putative precursors were identified. In
case 1, a putative high-grade precursor was recognized
as such based on the p53 mutant-type pattern (identical

Fig. 4 Case 2. P53 overexpression (a) and Napsin A positivity (b) in CC-EIC (magnification 200X). Increased Ki67 expression (c) and p53 wild-type
expression (d) in AEH/EIN-like putative precursor (magnification 100X). High Ki67 expression (e) and p53 wild-type expression (f) in metaplastic-
like putative precursor (top right) in comparison to invasive clear cell carcinoma (bottom left) (magnification 200X)
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to that of the adjacent CC-EIC), although it lacked the
expression of the typical CC-EC markers such as Napsin
A and AMACR. In both case 1 and case 2, areas of puta-
tive low-grade precursors with features of atypical tubal
metaplasia was identified adjacently to CC-EIC/CC-EC.
These areas showed cytoplasmic eosinophilia, nuclear
atypia, loss of ER, PR and vimentin and increased Ki67,
p16 and p53 expression; none of these features allowed
excluding a benign reactive/metaplastic change. In case
2, another putative low-grade precursor showed mor-
phological features reminiscent of AEH/EIN but with
cytoplasmic clearing and eosinophilia; immunohisto-
chemistry showed an “endometrioid” phenotype with no
similarity to CC-EC. In summary, we were able to
recognize a probable CC-EC precursor only in the pres-
ence of p53 mutation. Since most CC-ECs have neither
p53 mutation nor other known molecular hallmarks, the
recognition of their precursors appears nearly impos-
sible. At the time, these lesions cannot met the NCI re-
quirements for precancer. A better definition of the
molecular mechanisms that underlie the development of
CC-EC appears necessary to define and recognize its
precursors.

Conclusions
In conclusion, our cases, alongside with the previous lit-
erature, support that CC-EIC is a real entity which may
be diagnosed based on a combination of morphological
and immunophenotypical features that are typical of
CC-EC, but in the absence of invasive disease. The clin-
ical significance of CC-EIC is undefined, although it is
reasonable to assume that it should be managed by hys-
terectomy. Putative earlier precursors of CC-EC have
been described, but with no univocal morphologic or
immunophenotypical features that allow their distinction
from metaplastic/reactive changes. We hope further
studies may shed light on the carcinogenetic pathways
and precursors of CC-EC.
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