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Abstract: Clear cell carcinoma of the endometrium (CCC) is an uncommon histotype whose analyses have generally
been hampered by its rarity and issues of interobserver diagnostic variability. In this study, we analyzed the clinico-
pathologic features of 50 CCCs that were assembled from multiple institutions and which we considered to be mor-
phologically unambiguous after a rigorous review process for diagnostic accuracy. Forty-four (88%) of the 50 CCC
cases showed an admixture of the classic architectural patterns (glandular, papillary, solid and cystic in decreasing
order of prevalence). Mitotic indices were variable but were generally low: 60% of cases had a mitotic index of 3 or
lower. The predominant cell type lining glands and papillae was invariably hobnail and/or cuboidal. Stratification of
nuclei (greater than 3 cells) or columnar cells on glands and papillae were uncommon and never diffusely present.
82% of cases showed an admixture of polygonal cells with clear and eosinophilic cytoplasm; only clear cells were
present in 4% and only eosinophilic cells were present in 10%. Hobnail cells were common, being identifiable in 86%
of cases, and being diffuse in 60%. Only 2 cases had a predominance of nuclear grade 3 cells. Psammoma, hyaline
and targetoid bodies were identified in 32%, 52% and 20% of cases respectively. Clear cell endometrial intraepithe-
lial carcinoma was identified in 41.7% of cases with evaluable background endometrium. The 5-year progression
free survival (PFS) for the entire cohort was 61%, and was 88%, 75%, 22% and 28.6% for stages | to IV respectively.
On univariate analyses, age >65 years, advanced FIGO stage, and the presence of any lymph node metastases were
associated with reduced PFS (p=0.02, 0.002, and 0.002 respectively). On multivariate analyses, the only variable
associated with reduced PFS was age >65 years. The 5-year overall survival (OS) for the entire cohort was 78%,
and was 94%, 87.5%, 66.7%, and 42.8% for stages | to IV respectively. On univariate analyses, the following factors
were associated with reduced OS: age >65 years (p=0.04), advanced FIGO stage (p=0.003), distant metastases
(p=0.003), myometrial invasion >30% (p=0.01), a mitotic index >4 (p=0.014), and a specific architectural pattern
(at least 10% of the tumor composed of solid masses or individual infiltrating tumor cells, p=0.02). On multivariate
analyses, only age >65 years and advanced stage were associated with reduced OS (p=0.023 and 0.022 respec-
tively). In summary, endometrial CCC has a wide morphologic spectrum that is detailed and illustrated herein, but
also has core cytoarchitectural features that are of high diagnostic utility. Morphologically unambiguous CCC appar-
ently have patient outcomes that are more favorable than has previously been reported, indicating that ambiguous
tumors should be classified separately. The existence of morphologically ambiguous clear-cell rich carcinomas that
do not fit the conventional histotypic groupings, is a likely reflection of the biologic complexity of endometrial car-
cinomas in general; these cases should be reported descriptively, and studied separately from conventional CCC.
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Introduction

Endometrial carcinoma represents the most
frequently diagnosed malignancy of the female
genital tract in the United States [1]. Most
endometrial carcinomas are of the endometri-
oid histotype, are uterus-confined at presenta-
tion, and as such, are associated with favorable
patient outcomes [2]. However, non-endometri-
oid carcinomas are associated with much poor-
er outcomes. This necessitates that the patho-
logic classification of cases be accurate and
reproducible, as erroneous classifications in
either direction may have significant clinical
consequences [3]. Endometrial clear cell carci-
noma (CCC) is an uncommon histotype of endo-
metrial carcinoma that represented only 2.15-
3% of endometrial cancers in two
population-based analyses [2, 4]. Patients with
CCC have a lower overall and disease-free sur-
vival than patients with endometrioid carcino-
mas [2], and these differences are accordingly
reflected in the more aggressive adjuvant treat-
ment recommendations for patients with CCC
[5]. Since its description, reports on CCC have
been associated with notable levels of clinico-
pathologic heterogeneity and disparity on sev-
eral levels, including the proportion of endome-
trial carcinomas that CCC represents [6],
patient outcomes [5] and their molecular fea-
tures [7]. For example, in 5 series on CCC, the
proportion of cases with another admixed his-
totype ranged widely from 14 to 72% [8-12]. A
possible contributor to this heterogeneity is the
significant interobserver variability in how
pathologists classify endometrial carcinomas
with clear cells [13]. This suggests an absence
of well-defined diagnostic criteria, poor delinea-
tion of its morphologic spectrum and exclusion
criteria, suboptimal adherence to diagnostic
criteria by practitioners, some combination of
the above, or other factors.

The seminal descriptions of the morphology of
endometrial CCC were largely based on the
then-well known features of their ovarian coun-
terparts [14, 15], in keeping with the general
principle that carcinoma histotypes arising
from different anatomic derivatives of the mul-
lerian duct exhibit broadly similar histologic fea-
tures irrespective of location. However, this
assumption may obscure the recognition of
subtle location-related differences, and serve
as an impediment to the definition of the true
phenotypic spectrum of the histotype at each
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location. Serous carcinomas are exemplary of a
histotype where location-related differences
may exist, as there are known differences in
the morphologic spectrum, immunophenotypic
profiles and rate/pattern of coexistence with
other histotypes between extrauterine high
grade serous carcinomas and endometrial
serous carcinomas, [15-19]. It is also possible
that simple anatomy-related differences
between the adnexa and endometrium, and/or
their different hormonal environments, facili-
tate and select for clear cell carcinomas of the
different phenotypic and molecular profiles at
either location, their similar morphologic fea-
tures notwithstanding. Therefore, morphologic
profiles that are primarily defined by direct
extrapolations from ovarian clear cell carcino-
ma, may over- or understate the pathologic
spectrum of endometrial CCC.

In this study, we analyzed the clinical and
pathologic features of a group of rigorously
reviewed endometrial CCCs to 1) precisely
define the morphologic spectrum of this tumor
and to contribute data on the frequencies of
various classic, new or previously underempha-
sized morphologic features, and 2) assess
patient outcome data in relation to pathologic
features.

Materials and methods
Case selection and central review

This study was approved by the institutional
review board (IRB) at Vanderbilt University (IRB
#12606), and was based on a review of
archived pathologic material from the files of
the authors’ institutions. Contributors, all gyne-
cologic pathologists, were asked to contribute
morphologically unequivocal cases of endome-
trial CCC, which they all retrieved by searching
their respective computerized pathologic data-
bases for cases signed out as CCC. As such,
the cases received 2 levels of pre-central
review, including the original assessment and
the secondary assessment by contributors. An
“original dataset” of 62 cases was thus gener-
ated. These cases were then subjected to a
central review process by a panel of three
authors (OF, JH, VP). Each of the three authors
independently examined a representative
tumor slide from all 62 cases, and classified
each as CCC or non-CCC without any study-spe-
cific, agreed-upon criteria. The prerequisite for
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inclusion of a case into the final dataset, estab-
lished prior to the review, was that a CCC diag-
nosis must be agreed upon by at least 2 of the
3 reviewers for every case. The kappa value for
the central review of 62 cases was 0.846,
indicative of an excellent level of interobserver
agreement. 12 cases were removed as not rep-
resenting true and/or pure CCC, which left a
final dataset for subsequent analyses that was
comprised of 50 cases. In 7 of the 12 cases
that were ultimately removed, all 3 panelists
agreed with a non-CCC classification. All cases
were diagnosed between 2000 and 2011.
Basic clinical data were retrieved from pathol-
ogy reports and medical records for these
patients, including patient age, nature of surgi-
cal procedures, neoadjuvant and adjuvant
treatments, sites of recurrences, and patient
status at follow-up.

Review of morphologic features

All cases were assessed for a variety of mor-
phologic features as outlined below. In 5 cases
only biopsy slides were available for review,
whereas sections from the resected primary
tumor were evaluated in the remainder. A medi-
an of 3 tumor-representative slides per case
were reviewed (range 1 to 16), but only 1 tumor-
representative slide was available in 17 (34%)
of the 50 cases. For each case, the presence
and extent of architectural patterns of CCC
were documented (glandular, papillary, cystic,
and solid). In this study, the traditional “tubulo-
cystic” pattern was divided into “glandular” and
“cystic” groups for analytic purposes. Since the
line between glandular and cystic is non-dis-
crete, an arbitrary cut-off of 0.1 mm luminal
diameter was established; formations exceed-
ing this diameter were classified as cystic and
all others were classified as glandular. The pap-
illary areas were further subclassified into 2
groups 1) small and round papillae (SRP, i.e.
rounded or oval with stromal cores that typi-
cally occupied more than 50% of the diameter
of the papillae, and which was typically (but not
invariably) lined by approximately 25 cuboidal
or hobnail epithelial cells or less), and 2) papil-
lary pattern not otherwise specified (which
included any papillary pattern that could not be
classified as SRP). Papillae were also classified
based on the nature of their cores (hyalinized
papillae, infammatory papillae). Where pres-
ent, architectural patterns were also quantified
as follows: <33% of tumor (“minor”), 33 to 66%
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of tumor (“significant”), >66% of tumor (“pre-
dominant”). Cytologic features were assessed
in detail, including an approximate clear to
eosinophilic cell ratio for polygonal cells, pres-
ence and extent of hobnail cells, the nature of
non-hobnail polygonal cells (columnar versus
cuboidal) that lined papillae and glands, the
presence and extent of nuclear/cellular stratifi-
cation (greater than 3 cells) on glands and
papillag, the presence and extent of cells with
nucleolomegaly, and nuclear grade. Nuclear
grade was assessed on a previously described
3-tiered scale centered on pleomorphism [13]:
grade 1 nuclei show broad uniformity in size
and shape, without any bizarre nuclear forms,
grade 2 nuclei show an approximately 2-fold
variation in nuclear shape and/or size, and
grade 3 nuclei show severe pleomorphism, i.e.
a >3-fold variability in nuclear shape and/or
size, all as compared with the background
tumor cells. For example, if a tumor was com-
posed of cells displaying no more than a 1-fold
variation in nuclear size and shape, all its con-
stituent cells were classified as possessing
grade 1 nuclei. The presence of any higher
grade nuclei was noted. The “predominant”
nuclear grade describes the nuclear grade of at
least 50% of tumoral nuclei of a case. Other
features that were documented included the
nature of the tumoral stroma (inflammatory,
hyalinized, myxoid, or non-specific: “fibroblas-
tic”), psamomma bodies, targetoid bodies,
open tumor rings, hyaline bodies, mitotic fig-
ures per 10 high power fields (HPF), assessed
in the most mitotically active region (HPF: 40X
objective/0.55 mm in diameter), background
endometrium and any lesions therein. We also
assessed the significance of a grading system,
designated the “Architectural grade”, that has
previously been proposed for ovarian CCC by
Yamamoto et al [21]. The architectural grading
system is a three-tiered system that is based
solely on tumor architecture. Grade A tumors
have >290% of a tumor composed of well-differ-
entiated tubulocystic and/or papillary patterns;
Grade C tumors have at least 10% of the tumor
composed of solid masses or individual infil-
trating tumor cells; Grade B tumors do not fit
either of the aforementioned descriptions. This
grading system has been found to be predictive
of survival in ovarian CCC, with grade A being
the most, and grade C being least prognosti-
cally favorable groups [21]. Information on the
depth of myometrial invasion, presence of
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Table 1. Morphologic Features, Architectural features and background stroma

Pathologic Features

Number of cases with feature

Glandular pattern

-Present 42
-Predominant 15
-Significant 12
-Minor 15
-Absent 8
Papillae

-Present 36
-Predominant 14
-Significant 8
-Minor 14
-Absent 14
Small rounded papillae present 26
-Predominant/Significant proportion of papillae 23
-Minor proportion of papillae 3
-with stromal hyalinization 18
-without stromal hyalinization 8
Papillary pattern NOS (other than small rounded papillae) are present 35
Solid Pattern

-Present 27
-Predominant 9
-Significant 7
-Minor 11
-Absent 23
Cystic Pattern

-Present 16
-Predominant 2
-Significant 3
-Minor 11
-Absent 34
Frequency of Architectural Patterns and Pattern Combinations

Exclusively papillary pattern 3
Exclusively solid pattern 1
Exclusively glandular pattern 2
Exclusively cystic pattern 0
Glandular and papillary patterns only 7
Glandular and papillary and solid patterns only 12
Glandular and papillary and solid and cystic patterns only 3
Glandular and papillary and cystic patterns only 7
Glandular and solid patterns only 5
Glandular and cystic patterns only 4
Papillary and solid patterns only 4
Papillary and cystic patterns only 0
Solid and cystic patterns only 0
Papillary and Solid and cystic patterns only 0
Glandular and solid and cystic patterns present 2

Background stromal inflammation
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-Diffuse 9
-Sporadic or focal 12
-Absent 29
Background stromal Hyalinization

-Diffuse 3
-Sporadic or focal 12
-Absent 35
Background stromal myxoid change

-Diffuse 3
-Sporadic or focal 3
-Absent 44

Table 2. Morphologic Features, Cytologic and other features

Pathologic Features

Number of cases with feature

Predominant cell type lining glands and papillae
- polygonal cuboidal and/or hobnail

49 (100%)

- columnar 0 (0%)
- Flat 0 (0%)
Cytoplasmic tincture

-Exclusively clear cells 2
-Exclusively eosinophilic cells 5
-Both (clear>eosinophilic) 19
-Both (eosinophilic>clear) 13
-Both (approximately equal) 11
Nuclear stratification(>3 cells) in glands and papillae

-Diffuse 0
-Sporadic or focal 3
-Absent or N/A 46
Nuclear pleomorphism

Predominant nuclear grade 1 0
Predominant nuclear grade 2 48
Predominant nuclear grade 3 2
Grade 1 nuclei are present 22
Grade 2 nuclei are present 50
Grade 3 nuclei are present 40
Nucleolar prominence

-Diffuse 3
-Sporadic or focal 31
-Absent 16
Hobnail cells

-Diffuse 30
-Sporadic or focal 13
-Absent 7
Necrosis 19
Psammoma bodies 16
Targetoid bodies 10
Hyaline bodies 26
Open tumor rings 12
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Mitotic Figures per 10 high power fields

0 6
1 14
2 7
3 6
4 4
5 4
>6 9
Mean 4.42
Median 2
Range 0-32
Lymphovascular Invasion

Present 22
Absent 27
Unknown 1
Depth of Myometrial Invasion

0% (non-myoinvasive) 8
Greater than 0% but less than 50% 21
Greater than 50% 20
Unknown 1
Associated with an Endometrial Polyp

Yes 6
No 33
Unknown 11

endometrial polyps, and lymphovascular inva-
sion status were all retrieved from pathologic
reports when these parameters were not evi-
dent on the reviewed slides.

Statistical analysis: Descriptive statistics were
used to characterize the data. Kaplan-Meier
survival curves were generated, and compari-
son between survival curves was done using
log- rank tests to determine overall and pro-
gression/recurrence/relapse-free survival; Cox
regression analyses were used to assess rela-
tionships between clinicopathologic factors
and outcome using multivariate and univariate
models. Univariate analyses using Fisher exact,
Pearson Chi square, and Student t tests were
also used to compare between subgroups
depending on the variable being analyzed. A
2-tailed p value of <0.05 was considered to be
statistically significant for all analyses.

Results
A. Pathologic features

i. Architectural patterns: Forty-four (88%) of the
50 CCC cases showed an admixture of archi-
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tectural patterns. 6 (12%), 20 (40%), 21 (42%)
and 3 (6%) cases had 1, 2, 3, and 4 architec-
tural patterns respectively. In 40 cases, there
was a predominant pattern. The 4 architectural
patterns are detailed below. Cytological, archi-
tectural, and other morphologic features are
illustrated in Figures 1 to 8 and are outlined in
Tables 1 and 2.

1. Glandular: The glandular pattern was the
most commonly encountered, and was present
at least focally in 84% of cases, was the pre-
dominant pattern in 30%, and was the exclu-
sive pattern in 4%. There was a wide morpho-
logic spectrum associated with the glandular
pattern, and only vaguely recurring themes
emerged (Figure 1A-H). In 27 of the 42 cases
with a glandular pattern, the glands were not
entirely confluent in most areas of the tumor,
with individual glandular units being separated
by stroma, or tumor cells of other architectural
configurations. The glands were predominantly
rounded, but in 7 cases were either irregularly
shaped (Figure 1A) or had such a “compressed”
appearance that their lumens were inconspicu-
ous (Figure 1G). Glands ranged from small
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Figure 1. Morphologic spectrum of the glandular pattern. A. confluent and small irregular glands; B. Non-confluent,
large round glands lined by cuboidal cells; C. Confluent glands lined by flat to hobnail cells; D. Non-confluent, large
round glands lined by cuboidal cells with eosinophilic cytoplasm; E. closed tubules; F. Glands with early intraglandu-
lar papillations (asterix); G. compressed glands in inconspicuous lumens; H. A rare findings of glands with nuclear
stratification.
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rounded units to large, ectatic, almost cystic
lesions (Figure 1B, C, D). Luminal contents,
where  present, were eosinophilic to
amphophillic. Closed tubules were admixed
with open tubules in large areas of the tumor in
4 cases (Figure 1E). The glands were lined by
either flat, hobnail or low cuboidal polygonal
cells. Intraglandular papillations were present,
typically as a focal finding, in 7 cases, all of
which had a coexistent papillary pattern (Figure
1F). Nuclear stratification was present as a
focal finding in 1 case (Figure 1H). Mitotic activ-
ity, cellular cytoplasmic tincture, and cytologic
changes were as described below for the over-
all group.

2. Papillary: The papillary pattern was present
in 36 (72%) of 50 cases, and was the exclusive
pattern in 3 cases. Small rounded papillae
(SRP), as previously described (Figure 2A-H),
was the most common papillary pattern, as
they were present in 26 (72%) of the 36 cases
with papillae. All of the 26 cases, however, also
had other papillary patterns (papillary pattern
NOS). SRP were seen as end tributaries of larg-
er, fibrous-cored stem papillae (Figure 2A),
direct protrusions into round cystic/glandular
spaces (Figure 2C), or tributaries from elongat-
ed slender papillae (Figure 2B). The SRP pat-
tern was maintained in the foci of myometrial
invasion only when they were extensive in the
tumor (Figure 2D). Stromal hyalinization (Figure
2F) was present in 18 (69%) of SRP, but they
were only focally present in 15, and in no case
did hyalinized papillae constitute more than a
third of the SRP. Open tumor rings (Figure 2H),
which were identified in 12 cases, were strong-
ly associated with hyalinized SRP, as all cases
with open tumor rings also had hyalinized SRP
nearby. Intermediate forms were also present
that suggest that open tumor rings are hyalin-
ized SRP at an early phase. Non-hyalinized SRP
displayed inflamed stroma, myxoid stroma or
most commonly, non-specifically fibroblastic
stroma singly or in varying combinations. The
predominant cell type lining SRP was hobnail in
20 cases, low cuboidal eosinophilic cells in 4
cases, and low cuboidal clear cells in the
remainder. Papillary patterns NOS patterns
were miscellaneous (Figure 3A-E), and includ-
ed architecturally complex papillae with hierar-
chical branching or micropapillae, long and
slender papillae (i.e. maze-like papillae, each
>0.5 mm in length, fibrovascular core-laden,
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multiple times as long as it was wide), simple
and complex thin papillae with variably promi-
nent fibrous cores, and various other forma-
tions lined by hobnail, polygonal clear and/or
eosinophilic cells (Figure 3A-D, Figure 3F) and
other non-specific papillary patterns. Notably,
no case showed the kind of significant cellular
tufting or budding that is characteristic of
serous carcinomas. For the overall group of
papillary lesions, nuclear stratification was
present in two cases (Figure 3E), and signifi-
cant papillary stromal inflammation was pres-
ent in 9 cases (Figure 2G). Mitotic activity and
nuclear pleomorphism for the papillary pattern
was as described below for the whole group.

3. Solid: The solid pattern, characterized by dif-
fuse sheets of cells without any architectural
patterns (Figure 4A-F), was present at least
focally in 27 (54%) of 50 cases, but was pre-
dominant in 9, and was the exclusive pattern in
only 1 case. Eosinophilic cells and clear cells
were in approximately equal proportions in 9
cases; clear cells were predominant or exclu-
sive in 15 cases, and eosinophilic cells were
predominant or exclusive in the remaining 3.
The mean mitotic index of cases with a solid
component (6.56) was higher than cases with-
out a solid component (2.7, p=0.028). Cell
membranes were well-defined in 25 (92.6%) of
the 27 cases. For cases with grade 3 nuclei,
these cells were most clearly discernable, and
displayed the highest degree of clustering, in
the solid regions. Thin fibrous septae were dif-
fusely distributed throughout the solid regions
in 19 (70%) of 27 cases.

4. Cystic: The cystic pattern was the least com-
mon (Figure 5A-F). Although it was at least
focally present in 16 (32%) of the 50 cases, it
was predominant in only 2 (4%), and was not
the exclusive pattern in any case. In 14 cases,
the cystic units were interspersed with other
architectural patterns, but small foci exclusive-
ly comprised of cystic units were present in 8
cases; the units were confluent in 5 (62.5%) of
these 8 cases. The predominant cell type lining
cystic units was flat in 5 cases, low cuboidal in
4 cases, and hobnail in the remainder. 14
(87.5%) of 16 cases, however, showed an
admixture of these cell types. Mitotic figures
were exceptionally rare, as were grade 3 nuclei.
Cyst lumens were entirely empty in 7 cases and
were at least focally filled with an eosinophilic
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Figure 2. Morphologic spectrum of the papillary pattern (small rounded papillae). A. small rounded papillae arising
from large fibrous stems; B. small rounded papillae arising from thin fibrous stems; C. small rounded papillae pro-
truding within a cystic unit; D. small rounded papillary pattern maintained in a focus of myometrial invasion; E. small
rounded papillae with non-specifically fibroblastic stromal cores lined by hobnail cells; F. small rounded papillae with
hyalinized stroma lined by hobnail cells; G. small rounded papillae with inflammatory cores and lined by low cuboidal
eosinophilic cells; H. open tumor rings (asterix) and small rounded papillae lined by clear cells.
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Figure 3. Other papillary patterns. A. micropapillary pattern; B. elongated rounded papillae with fibrous cores and
lined by low cuboidal epithelium; C. complex, arborizing papillary pattern with minimal stromal cores and lined by
hobnail cells; D. papillae with inflamed stromal cores and lined by clear cells; E. A rare focus of cellular stratification
(asterix) on papillae; F. Variably sized papillary units with fibrous stromal cores lined by hobnail cells.
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Figure 4. Morphologic spectrum of the solid pattern. A. Solid patterns of predominantly eosinophilic cells with well-
defined cell membranes and no more than a 2 fold variation in nuclear size and shape; B. solid pattern of clear cells
with well-defined cell membranes and scattered grade 3 nuclei; note thin fibrous septae; C. solid pattern of admixed
clear and eosinophilic cells with well-defined cell membranes and rare grade 3 nuclei D. solid pattern of clear cells
with numerous grade 3 nuclei; thin fibrous septae are present; E. solid pattern of cells with poorly defined cell mem-
branes and scattered grade 3 nuclei; F. solid pattern of cells with poorly defined cell membranes and no more than
a 2 fold variation in nuclear size and shape.
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Figure 5. Morphologic spectrum of the cystic pattern, A. All cases with the cystic pattern (double asterix) also had
other architectural patterns; these patterns were admixed with the cysts in most cases; B. Non-confluent round
cysts lined by hobnail cells; C. Partially confluent round cysts lined by flat, hobnail and eosinophilc cells and with
amphophilic luminal contents; D. Non-confluent round cysts with eosinophilic luminal contents, and lined by flat
cells; E. Confluent cysts lined by low cuboidal epithelium and with foci of intracystic filiform papillations (double
asterix); F. Irregularly contoured cysts.
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material in 9 cases. The cysts mostly had rigid
contours but occasionally were irregular, and
few showed focal intracystic filiform
papillations

ii. Cytological features: Cytologic features
exhibited less heterogeneity than architectural
features, but the cases still displayed a sub-
stantial spectrum (Figures 1-6). A distinct pat-
tern of nuclear pleomorphism was evident in
80% of cases. This pattern was characterized
by a background of nuclei that display an
approximately 2-fold variation in nuclear size
and shape, and sporadically interspersed high-
er grade nuclei. This background of predomi-
nant grade 2 nuclei, with their relative unifor-
mity in nuclear attributes, was present in all 50
cases (Figure 6A). However, in 40 cases there
were interspersed grade 3 nuclei that were
characterized by bizarre nuclear shapes, florid
hyperchromasia, and notable enlargement rela-
tive to the background nuclei. The latter nuclei
were variable in extent, but at least one was
typically evident in most high power fields; how-
ever, they generally did not cluster to any signifi-
cant extent and did not form diffuse sheets,
with the exception of 2 cases where the pre-
dominant nuclear grade was 3 (Figure 6B). The
scattered nature of the relatively enlarged cells
gave the tumors an overall pleomorphic appear-
ance at low or intermediate maghnification.The
greatest degree of clustering of these cells,
when present, tended to be in the solid regions
(Figures 4D, 6B). The 10 cases (20%) without
these cells had a distinctly low grade appear-
ance. In most cases (62%), nucleoli were promi-
nent only focally or sporadically within the
tumor, and both the pattern and extent of
nucleolomegaly was variable from case to case.
Regarding cellular cytoplasmic tincture, most
cases (82%) showed an admixture of cells with
clear and eosinophilic cytoplasm; only clear
cells were present in 4% and only eosinophilic
cells were present in 10%. Hobnail cells were
common, being identifiable in 86% of cases,
and being diffuse in 60% of cases. The predom-
inant cell type lining glands and papillae was
invariably hobnail and/or cuboidal. Columnar
cells were identifiable in 24% of the 49 cases
with glands and/or papillae (Figure 6C), but in
no case was it predominant. Stratification of
nuclei (greater than 3 cells) on glands and
papillae were very uncommon (seen as a minor
finding in 3 cases, Figures 1H, 3E), and entirely
absent in all others.
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iii. Mitotic index: The cases displayed signifi-
cant variability in their mitotic indices, which
ranged from O to 32 (median 2). The 9 most
mitotically-active cases showed an average
mitotic index of 15. However, in general, mitotic
indices were low: 60% (30) of the 50 cases had
a mitotic index of 3 or lower. In 6 (12%) of the
50 cases, mitotic figures were not discernable
in the sections examined, but no more than 3
sections were available for review in all 6 cases.
As previously noted, higher mitotic indices were
associated with the presence of a solid compo-
nent of any extent, as there was a statistically
significant difference (p=0.028) between the
average mitotic index of the cases with a solid
pattern (6.56) and the cases without a solid
pattern (2.7). Finally, there was a striking vari-
ability in the distribution of mitotic figures, with
extraordinarily low mitotic indices on some
slides, and higher indices in other slides of the
same case.

iv. Miscellaneous“bodies”: Psammoma bodies
(Figure 7E) were identified in 16 (32%) of 50
cases, but were numerous (>3/tissue section)
in only one case. There was no discernable
association between the presence of psam-
moma bodies and any architectural pattern;
notably, psammoma bodies were present in 13
of the 36 cases with any papillary pattern as
compared with 3 of 14 cases without a papil-
lary pattern (p=0.5). Hyaline bodies (Figure 7C)
were identified in 26 cases (52%) and targetoid
bodies (Figure 7D) in 10 (20%). These bodies
showed an apparent association: both were
identified in 10 cases, and there was no case
where a targetoid body was identified without a
coexistent hyaline body elsewhere in the tumor.
Neither exhibited any statistically significant
associations with tumor architectural patterns.
All of the aforementioned bodies were almost
invariably identified in viable tissues and in
direct association with tumoral epithelium
(rather than tumoral stroma).

v. Other features: The patterns of myometrial
invasion by the tumor, when present, were not
noteworthy, with the exception of 2 cases in
which there was no stromal reaction (Figure
7H). Six cases were associated with an endo-
metrial polyp (Figure 7F). Background stromal
inflammation (Figure 7B) and hyalinization
(Figure 7A) were present in 42% and 30% of
cases respectively, but these findings were
extensive in 43% and 20% of those cases in
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Endometrial clear cell carcinoma

Figure 6. Cytologic features, A. Admixture of clear and eosinophilic cells showing relative nuclear uniformity and
nucleolomegaly; B. Focus of clear cells with scattered grade 3 nuclei; C. Glands and papillae were predominantly
lined by low cuboidal or hobnail cells, a rare focus lined by columnar cells is shown (long arrow); arrowheads depict
examples of higher grade nuclei relative to background cells; D. pattern of relatively uniform background cells with
scattered admixed higher grade nuclei (arrwheads).
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Figure 7. Other features of clear cell carcinoma: A. Background stromal hyalinization; B. Background stromal inflam-
mation; C. Hyaline bodies (arrow); D. targetoid bodies (arrow head); E. psammoma bodies (arrow); F. clear cell car-
cinoma associated with an endometrial polyp; G. Myometrial invasion with stromal reaction; H. myometrial invasion
without stromal reaction.
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which they were present. Among the 21 cases
with background stromal inflammation, the
infiltrate was lymphoplasmacytic in 18 cases,
predominantly neutrophilic in 2 cases, and
mixed in 1 case.

vi. Background endometrium and clear cell
endometrial intraepithelial carcinoma: The
non-neoplastic, background endometrium was
available for evaluation in 24 cases, and this
endometrium was immediately adjacent to the
invasive cancer in 14 cases. The background
endometrium in 70.8% (17/24) of cases was
atrophic (AE); 4 were had a weakly proliferative
pattern (WPE, i.e. non-cystic glands lined by
pseudostratified columnar cells without mitotic
activity), and 3 had a proliferative phase pat-
tern (PE, i.e. non-cystic glands lined by pseu-
dostratified columnar cells with mitotic activi-
ty). An intraepithelial growth pattern [Clear cell
endometrial intraepithelial carcinoma [22, 23]],
characterized by endometrial surface growth
(over benign endometrium), isolated (from the
main malignancy) glands lined partially or whol-
ly by cells that were identical (cytologically and
in mitotic indices) to the associated invasive
malignancy, or rare clusters of glands that
exhibited no significant confluence, was identi-
fied in 41.7% (10/24) of cases (Figure 8A-F).
These included 7 of the 17 atrophic endome-
tria, 1 of the 3 proliferative pattern endometria,
and 2 of the 4 weakly proliferative pattern
endometria. The foci of intraepithelial carcino-
ma were multiple in 14 cases and focal in 11.
These foci were characteristically in the region
adjacent to the invasive malignancy, and dis-
played varying degrees of stratification and
papillation.

B. Clinical features and patient outcomes

Clinical information regarding patient age,
stage distribution, treatments and follow-up
are summarized in Table 3.

i. Survival: The mean/median follow-up dura-
tion for stages |, II, lll and IV patients were
39.5/36 months, 41/30.5 months, 19/15
months and 14.1/14 months respectively. The
PFS for the entire cohort at 5 years was 61%,
and was 88%, 75%, 22% and 28.6% for stages
| to IV respectively (Figure 9). On univariate
analyses, age greater than 65 years, extrauter-
ine disease (FIGO stages Ill and IV), and the
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presence of any lymph node metastases were
associated with reduced PFS (p=0.02, 0.002,
and 0.002 respectively). There was a trend to
reduced PFS for patients with architectural
grade C [21], but this was not statistically sig-
nificant (p=0.09). On multivariate analyses, the
only variable associated with reduced PFS was
patient age greater than 65 years (Table 4). The
overall survival for the entire cohort at 5 years
was 78%, and was 94%, 87.5%, 66.7%, and
42.8% for stages | to IV respectively. On univari-
ate analyses, the following factors were associ-
ated with reduced overall survival: age >65
years (p=0.04), extrauterine disease (FIGO
stages lll and IV, p=0.003), distant metastases
(p=0.003), myometrial invasion >30% (p=0.01),
a mitotic index of greater than 4 (p=0.014), and
architectural grade C (p=0.02) (Figure 10). The
presence of any relapses also approached sta-
tistical significance regarding an association
with reduced overall survival (p=0.07). On mul-
tivariate analyses, only age >65 years and
advanced FIGO stage were associated with
reduced overall survival (p=0.023 and 0.022
respectively), see Table 5. The significance of
stage was maintained when using a dichoto-
mous classification (FIGO stages | and Il versus
llland IV) as well as when each stage is consid-
ered in isolation relative to the others.

ii. Recurrences: Eleven patients experienced a
recurrence at an average of 11.2 months (range
1-27) after their primary surgical resections.
Relapse sites included the vaginal apex (n=2),
pleura, inguinal/groin region (n=2), supracla-
vicular lymph node, kidney, bone (n=2), abdomi-
nal soft tissue, and lungs. As expected, recur-
rences were significantly associated with stage:
70% of the recurring patients originally had
extrauterine disease (Stage Il or IV). There
were 3 recurrences in patients with early stage
disease. The latter group included a 55-year-
old with a stage IA, non-myoinvasive, and non
vascular-invasive tumor that recurred at the
vaginal apex within 2 months of the original
resection; also in the group was a 78-year-old
with a stage 1A tumor that exhibited lympho-
vascular invasion and 30% myometrial inva-
sion, and which recurred in the abdominal soft
tissue at 9 months; the patient was DOD short-
ly thereafter. Morphologic features that may be
predictive of recurrence in early stage cases
could not be assessed since an adverse out-
come was so infrequent in this group. There
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Figure 8. Clear cell intraepithelial carcinoma and associated lesions. A. Intraepithelial carcinoma, with a surface
growth pattern on atrophic endometrium; B. Boxed inset from Figure 8A, showing hyperchromatic nuclei; C. in-
traepithelial carcinoma, including foci (left panel) that are one-cell thick; D. Gland that is only partially involved by
intraepithelial carcinoma; E. Intraepithelial carcinoma, characterized by an isolated cluster of non-confluent glands
and cysts lined by hobnail and eosinophilic cells; F. Boxed inset from Figure 8E.
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Table 3. Clinical features

Clinicopathologic Parameters Values
Patient Age At Diagnosis (years)

Mean 67.8
Median 67
Range 50-85
Surgical/Pathologic Stage Distribution

1A 17
1B 1
Il 8
1A 6
1B 1
e 7
IvV* 9
1A (pTO: no residual malignancy in resection) 1
Lymphadenectomy

Only pelvic lymph nodes obtained 10
Only paraaortic lymph nodes obtained 0
Both pelvic and paraaortic lymph nodes obtained 23
No lymph nodes obtained 7
Lymphadenectomy status unknown 10
Lymph nodes positive for metastatic carcinoma 10
Pelvic nodes only positive 6
Paraaortic nodes only positive 2
Both pelvic and paraortic lymph nodes positive 2
Treatment

Chemotherapy only (no surgery) 1
Neoadjuvant chemotherapy, SR, adjuvant chemotherapy 1
TH/BSO with adjuvant chemotherapy and EBRT 3
TH/BSO with adjuvant chemotherapy and EBRT and VBT 0
TH/BSO with adjuvant chemotherapy and VBT 6
TH/BSO with VBT and EBRT 3
TH/BSO with VBT only 2
TH/BSO with EBRT only 7
TH/BSO with adjuvant chemotherapy only 10
TH/BSO without further treatment 7
Unknown 10
Follow-up

Number with follow up 43
Follow-up duration, Median/Mean/Range (months) 31/21/1-104
No evidence of Disease 25
Dead of Disease 9
Alive with Disease 8
Dead of other causes 1
Number of cases with recurrences/relapses 11
Recurrences/Relapses

Number of patients with recurrences/relapses 11

Duration to relapse
Original Stage distribution for cases with relapses
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1-27 months (mean 11.2 months)
Il (n=8), | (n=2), Il (n=1)
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Relapse sites

Vagina (n=2), pleura, inguinal/groin region
(n=2), supraclavicular lymph node, kidney,
bone (n=2), abdominal soft tissue, lungs

Stage assigned by FIGO (international Federation of Gynecology and Obstetrics criteria); TNM designation pTO (assigned by
2009 American Joint Cancer Committee criteria);"Stage in one case (a stage IV patient ) was assigned clinically; TH/BSO: total
hysterectomy and bilateral salpingo-oophorectomy; VBT vaginal cuff brachytherapy; EBRT external beam radiotherapy.
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Figure 9. Progression free (left panel) and Overall (right panel) survival curves for the entire cohort.

was no significant difference between the ages
of the recurring (64.1 years) and the non-recur-
ring (68.7) patients. These 2 groups also
showed no significant differences regarding the
frequency of the various architectural patterns,
depth of myometrial invasion, mitotic index,
depth of myometrial invasion and frequency of
lymphovascular invasion. As previously noted,
the presence of any positive lymph nodes was
associated with an increased risk of recurrence
on univariate analyses (p=0.002).

Discussion

Our previous analysis of clear cell-rich endome-
trial carcinomas suggested a lack of diagnostic
reproducibility even among experienced gyne-
cologic pathologists in cases with non-classical
morphology [13]. A similar problem for ovarian
clear cell carcinoma has largely been resolved
by adoption of an immunophenotypic gold stan-
dard (hepatocyte nuclear factor 1-beta (HNF1-()
positive, estrogen receptor negative, progester-
one receptor negative, WT1 negative and p53
wild type) [25]. No such gold standard has been
validated for endometrial CCC, and HNF1-B
immunoreactivity has proven to be suboptimal-
ly specific for the clear cell carcinoma histotype
in the uterus [26-28]. As such, the diagnosis of
CCC in the endometrium, and their distinction
from other clear cell-rich, morphologically
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ambiguous carcinomas, may pose a significant
challenge.

In this study, we have detailed the morphologic
spectrum of a group of endometrial CCC cases
that we considered to be morphologically
unequivocal. By necessity, case selection by
gynecologic pathologists and further selection
via central review, with all their attendant
potential limitations, served as gold standard.
Our analysis showed that although CCC has a
wider morphologic spectrum than has previ-
ously been reported, there are several cytoar-
chitectural features that assist with its diagno-
sis, especially when compared with the known
morphologic profiles of serous and endometri-
oid carcinomas. The classic architectural pat-
terns remain the diagnostic foundation for this
histotype, but only when the appropriate cyto-
logic features are concurrently present. The
papillary and glandular patterns were the most
frequently seen in our cohort. The papillary pat-
tern has a near protean spectrum in CCC, but
the small rounded papillary pattern as previ-
ously described was the most common papil-
lary pattern. SRP were invariably coexistent
with other papillary patterns but existed in vary-
ing amounts, which suggests that in a small
biopsy unequivocal SRP may be entirely absent.
Glandular patterns also showed a wide spec-
trum regarding shape, size, degree of conflu-
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Table 4. Relationship of Clinicopathologic factors and Progression Free Survival

Parameter Number of  Survival (months) 95% CI P value® P value”
patients Median + SE (univariate) (multivariate)

Age

> 65 years 25 70.6 £9.3 52.2-88.8 0.02 0.02

<65 years 18 75.6 £ 10.7 54.7 - 96.5

FIGO stage

landll 26 91.2+71 77.3 - 104.8 0.002 NS

Illand IV 17 16.5+ 2.0 12.5 - 20.5

Architectural pattern

In >50% of tumor

Glandular 17 71.8+10.5 51.2-925 NS NS

papillary 12 64.4+15.8 33.3-954

Solid 10 374+3.4 30.5-441

cystic 4 60.3 + 18.5 24.1 - 96.6

Lymph nodes

positive 8 13.7+2.8 8.2-19.1 0.002 NS

negative 29 84.1+ 8.1 96.1- 101.4

Lymphovascular Invasion

positive 20 70.1+11.1 48.4-91.8 NS NS

negative 22 76.4 + 8.9 58.9-93.9

Myometrium invasion

>30% 19 61.7 +11.1 40.1-83.3 NS NS

<30% 24 83.9+9.1 66.1 - 101.7

Mitotic index

>4 12 689+ 134 42.7-95.2 NS NS

<4 31 773+ 7.6 61.3-91.2

Architectural grade™

A+B 24 771+9.4 58.6-955 0.09 NS

C 19 32.6+3.6 25.6 - 39.6

“NS: not statistically significant(all p values between 0.05 and 0.09999 are listed); Cl confidence interval; SE standard error;
FIGO international Federation of Gynecology and Obstetrics.”*Architectural grade per Yamamoto et al criteria [21].

ence, and configuration of constituent units,
and it was our impression that glandular pat-
terns were in and of themselves not diagnostic.
However, in both the papillary and glandular
patterns, the cytological features of the lining
cells were relatively consistent. These cells
were flat, cuboidal or hobnail, and perhaps
more importantly, were neither columnar nor
stratified (more than 3 cells) in a significant pro-
portion of any tumor. These cytologic features
allowed the aforementioned architectural pat-
terns to be classified as being CCC-related in
the vast majority of cases, and should facilitate
their distinction from the principal diagnostic
consideration, endometrioid carcinoma, which
are typically lined by columnar and stratified
cells. The distinction of CCC from serous carci-
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nomas, which may be lined by hobnail, colum-
nar, cuboidal, stratified or non-stratified cells is
clearly a greater diagnostic challenge when the
former has a significant clear cell component.
Differences in architectural patterns between
these 2 lesions would probably be of more diag-
nostic utility in this scenario.

Solid proliferations of clear cells have previous-
ly been identified as a cause of interobserver
diagnostic variability [13]. The constituent cells
of most, but not all solid areas in this study had
well defined membranes, but this was the only
feature that was identified with a high level of
consistency. Therefore, solid patterns should
be evaluated within the context of other archi-
tectural patterns that may be present, as their
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Figure 10. Assessment of an architectural grading
system. Lower overall survival for patients with archi-
tectural grade C.

features are not optimally diagnostic in isola-
tion. Fortunately, in this study, the solid pattern
was uncommon, representing the predominant
pattern in only 18% of cases and the exclusive
pattern in a single case. The cystic pattern is
cytoarchitecturally noteworthy when present,
but its diagnostic utility may be limited by the
fact that it is uncommon. When present, it is
highly suggestive of the diagnosis. In a small
sample, cystic pattern CCC can be distin-
guished from cystic atrophy by the cytologic
features, foci of confluence, and the invariable
admixture with other patterns of CCC.

The distinctive pattern of nuclear pleomor-
phism is a useful adjunct to making the diagno-
sis of CCC, especially when the architectural
pattern mimics another variant of endometrial
carcinoma. This pattern, marked by isolated
atypical nuclei in a background of “uniformly
atypical grade 2 nuclei” contrasts with the flor-
id pleomorphism that typifies serous carcino-
mas. Likewise, the relative low mitotic index
may help bolster the diagnosis for CCC when
making the distinction from  serous
carcinomas.

We report an overall survival of 78% and a PFS
of 61% for patients of all stages. The OS was
94%, 87.5%, 66.7%, and 42.8 for patients with
stage |, Il, lll and IV disease respectively. The
corresponding PFS values were 88%, 75%,
22% and 28.6% respectively. These represent
some of the highest survival figures ever report-
ed for this histotype, as outlined in Table 6 [3,
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8, 10, 14, 29-36]. Differences in patient popu-
lation, sample sizes, detail of staging and
improvements in adjuvant treatments, may
account for these differences. However, we feel
that a significant contributor to these differenc-
es is the variability amongst pathologists in the
diagnosis CCC [13]. Our survival figures likely
reflect our selection of morphologically unequiv-
ocal cases. In our experience, a diagnosis of
CCC is frequently entertained not only due to
the abundance of clear cells, but because of
high levels of nuclear pleomorphism. Some of
these cases likely represent poorly differenti-
ated or undifferentiated endometrial carcino-
mas whose inclusion in datasets of CCC may
serve to falsely decrease the overall survival for
the entire group. These cases may be better
reported descriptively (e.g “poorly differentiat-
ed carcinoma with clear cells” rather than
“CCC”) to facilitate their segregation and analy-
sis. Our cases, provide insight into the progno-
sis for patients with morphologically unambigu-
ous CCC.

We assessed a variety of clinicopathologic fac-
tors for potential prognostic significance. On
multivariate analysis, only age and stage were
significant prognostic factors, which is identical
to the findings reported by Abeler et al [10] in
the largest series of CCC reported to date. Our
findings affirm the numerous studies that have
previously found that stage is an important
determinant of prognosis for CCC patients
(Table 6). Age greater than 60 or 65 also
appears to be an independently negative prog-
nostic factor in both Type | and Il endometrial
carcinomas, including CCC [37-42]. Our dataset
was heterogeneous regarding adjuvant treat-
ments, which precluded any meaningful sub-
sidiary analyses of the effects of surgical and
treatment factors on outcome. However, in the
only study that has specifically examined the
issue in a substantial dataset, predictors of
local control in advanced stage disease includ-
ed absence of residual disease after cytore-
duction, and chemotherapy. Adjusting for che-
motherapy, absence of residual disease and
adjuvant radiotherapy were predictive of PFS
whereas the presence of residual disease was
predictive of reduced 0S [34].

The prognostic significance of pathologic fac-
tors is unclear and has previously been evalu-
ated to varying extents by other authors in
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Table 5. Relationship of Clinicopathologic factors and Overall Survival

Parameter Number of Overall Survival (months) 95% CI P value” P value
patients Median + SE (univariate)  (multivariate)

Age

> 65 years 25 85.2+11.7 62.2 - 108.7 0.04 0.023

< 65 years 18 59.7£9.5 411 -78.2

FIGO stage

landll 26 90.2+74 75.6 - 104.7 0.003 0.022

llland IV 17 32.6+6.7 19.9 - 45.3

Architectural pattern

In >50% of tumor

Glandular 17 71.6 £10.2 51.5-91.7 NS NS

papillary 12 76.6 £ 13.6 49.8 - 103.3

Solid 10 36 +4.33 275 - 445

cystic 4 52.4 +15.5 22.1-82.6

Lymph nodes

positive 8 29.3+54 18.7-39.8 NS NS

negative 29 85.3+ 8.3 96.1-101.4

Distant Metastases

positive 8 174 £ 2.4 12.7 - 221 0.003 NS

negative 35 825+ 7.8 67.2 - 97.8

Lymphovascular invasion

positive 20 699 +111 48-91.7 NS NS

negative 22 779195 59.2-96.6

Myometrium invasion

>30% 24 499 + 10.5 29.4-70.5 0.01 NS

<30% 19 94.2 +6.6 81.1 - 107.2

Any Relapse

positive 11 425+ 7.3 28.1 - 56.9 0.07 NS

negative 32 78.4+8.4 61.9-94.7

Mitotic index

>4 12 479 +12.9 228 -73.2 0.014 NS

<4 31 85.6 + 8.6 68.8 - 102.4

Architectural grade™

A+B 24 82.3+8.6 65.5 - 99.1 0.02 NS

C 19 38.7+6.1 26.7 - 50.7

“NS: not statistically significant (all p values between 0.05 and 0.09999 are listed for informational purposes); Cl confidence
interval; SE standard error; FIGO international Federation of Gynecology and Obstetrics.”“Architectural grade per Yamamoto et

al criteria [21].

smaller datasets. Christopherson et al [8]
assessed the significance of 3-tiered, nuclear
pleomorphism-based grading system, and
found no association with patient outcomes.
The prognostic significance of nuclear grading
in our dataset could not be assessed, since
approximately 80% of cases had the same
nuclear patterns. We found that a mitotic index
of greater than 4 MF/10HPF was associated
with reduced overall, but not progression free
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survival on univariate analyses, however
Photopulus et al [43] reported no such associa-
tion. Interestingly, in ovarian CCC, a mitotic
index of less than 10 is one of the morphologic
features that have been associated with a lon-
ger progression free survival [44]. The inter-
and intra-tumor variability in mitotic index that
is associated with CCC, as documented herein,
indicates that any analyses of the significance
of this parameter requires a sizable dataset. .
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Table 6. 5-year Overall Survival rates for patients with CCC, limited to series with >15 patients™

References Overall survival (percentage)
n All stages  Stage | Stage Il Stage Il Stage IV
Kurman et al (1976) (14) 21 55.3 NA NA NA NA
Christopherson et al (1982)(8) 9 54 35.2 44 NA NA NA
Webb and Lagios (1987) (30) 29 64 NA NA NA NA
Kanbour-Shakir et al (1991) (29)" 20 60 NA NA NA NA
Carcangiu and Chambers 9 (1995)(31) 29 NA 72 59.2 NA NA
Malpica et al (1995) (36)9 17 NA 75 67 NA NA
Abeler et al (1996) (10,35) 181 46 NA NA NA NA
Thomas et al (2007) (34) 99 55 79 77 47 21
FIGO Data 173 62.5 85.1 66.7 48.5 NA
(Creasman et al, 2003) (32)
FIGO Data 59 NA 81 NA NA NA
(Creasman et al, 2004) (33)
SEER Data 391 68 NA NA NA NA
(Hamilton et al, 2006) (3)
Average 97.5 55.75 72.7 53.32 47.8 21
(total 1073)
Current study 50 78 94 875 66.7 42.8

“*Excludes any series with mixed carcinomas and without delineation of survival data for the histologically pure cases; excludes
series of mixed clear cell/serous carcinomas; includes both surgically and clinically staged patients; includes patients that
received a wide variety of treatments; SEER: Surveillance, Epidemiology and End Results; FIGO International Federation of
Gynecology and Obstetrics; “crude overall survival; @ Overlapping datasets; NA information not available or not applicable; q
includes series of CCC with a minor (<50%) endometrioid carcinoma component.

Tumor architectural patterns represent another
pathologic feature whose prognostic signifi-
cance various authors have attempted to
assess. No prognostic significance was identi-
fied by studies with either two-tier [31] or three-
tier classification systems [43], although a
small study did report a higher survival of
patients with papillary patterns [8] In the ovary,
more promising results have been found for
architecture-based grading schemes [21,
44-46]. When we tested an architectural grad-
ing system that was recently proposed by
Yamamoto et al [21] for ovarian clear cell carci-
noma on our dataset, grade C tumors were
associated with reduced OS on univariate anal-
ysis, and reduced PFS that approached statisti-
cal significance (vs grades A and B combined).
These findings suggest that grading may be
feasible in endometrial CCC and should be eval-
uated in larger datasets.

In summary, although endometrial CCC has a
wide morphologic spectrum, it has core cytoar-
chitectural features that are of high diagnostic
utility. Awareness of the full morphologic spec-
trum of CCC, as well as how focal or extensive
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individual features may be within a given tumor,
should allow an accurate diagnosis to be ren-
dered in most cases. Morphologically unam-
biguous CCC have patient outcomes that are
more favorable than has previously been
reported, indicating that ambiguous tumors
should be classified separately. The existence
of morphologically ambiguous clear-cell rich
carcinomas that do not fit the conventional his-
totypic groupings is probably a reflection of the
biologic complexity of endometrial carcinomas
in general [47, 48]. These cases should be
reported descriptively and studied separately
from conventional CCC, as classifying such
cases as CCC would probably contribute to the
ongoing problems of diagnostic irreproducibili-
ty, biologic heterogeneity of CCC datasets, and
accordingly, the contamination of clinical trials
and translational research studies that in
aggregate, impede advancements in under-
standing the histotype.
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