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Abstract

OBJECTIVES: Clear cell carcinoma is a high-risk subtype of endometrial cancer. Some patients
have a mixture of clear cell carcinoma with other histologic types (endometrioid or serous)

or cannot be neatly assigned to one of these types. Protocol GOG-8032 within GOG-210 was
designed to determine whether these tumors differ from pure clear cell carcinoma in stage at
diagnosis, initial pattern of spread, or patient survival.

METHODS: The term “mixed” was applied to tumors with multiple identifiable components,
and “indeterminate” was applied to tumors with features intermediate between different histologic
types. Three hundred eleven women with pure, mixed, or indeterminate clear cell carcinoma

were identified in a larger cohort of patients undergoing hysterectomy for endometrial cancer

in GOG-210. Histologic slides were centrally reviewed by expert pathologists. Baseline and
follow-up data were analyzed.

RESULTS: One hundred thirty-six patients had pure clear cell carcinoma and 175 had a mixed or
indeterminate clear cell pattern. Baseline clinicopathologic characteristics were similar except for
a small difference in age at presentation. Univariate survival analysis confirmed the significance
of typical endometrial cancer prognostic factors. Patients in the mixed categories had disease-

free and overall survival similar to pure clear cell carcinoma, but the indeterminate clear cell/
endometrioid group had longer survival.

CONCLUSION: In clear cell endometrial cancer, the presence of a definite admixed
endometrioid or serous component did not correlate with a significant difference in prognosis.
Patients whose tumors had indeterminate clear cell features had better prognosis. Some of these
tumors may be endometrioid tumors mimicking clear cell carcinoma.

Keywords

Endometrial carcinoma; clear cell carcinoma; malignant mixed tumors; pathology; gynecologic
oncology; survival analysis; clinical trials

INTRODUCTION

Endometrial carcinoma is the most common malignancy of the female genital tract, with an
estimated 66,950 new cases and 12,550 deaths in the United States in 2022 [1]. The World
Health Organization Classification of Tumours (5™ edition) recognizes five major histologic
types of endometrial epithelial malignancies [2], of which endometrioid adenocarcinoma is

Gynecol Oncol. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hagemann et al.

Page 3

the most common. The histologic diagnosis or cell type of a tumor correlates with biologic
behavior and can guide the selection of diagnostic/staging procedures, biomarker testing,
and adjuvant treatment. In addition, because patients with tumors of different cell types
may have different expected survival, the precise histologic diagnosis may be important for
counseling.

Clear cell carcinoma (CCC) is a malignant tumor of the endometrium characterized by the
presence of epithelial cells with clear or eosinophilic cytoplasm, hobnail cells, and typical
histologic patterns described as solid, papillary, or tubulocystic growth, with these three
patterns often intermingled in a single tumor [3]. Although no specific molecular finding
is entirely sensitive or specific for CCC, the tumors often have somatic mutations in 7P53,
PPP2ZRI1A, PIK3CA, PIK3R1, KRAS, and ARID1A [4-7]. Among all histologic types of
endometrial cancer, between 1% and 6% of cases are CCC [3]. This “high risk™ subtype
[8,9] is intrinsically high grade, and patients have a prognosis similar to those with other
type 2 endometrial malignancies [10] such as serous carcinoma. The prognosis of patients
with CCC is worse than FIGO grade 1-2 endometrioid adenocarcinoma and similar to FIGO
grade 3 endometrioid adenocarcinoma [11,12].

A persistent difficulty in gynecologic pathology is how to appropriately classify and predict
the behavior of tumors that do not clearly fall into a specific diagnostic category. One such
group of tumors is “mixed”, which is currently defined by the World Health Organization
(5! edition) [2] as endometrial carcinomas that contain two or more identifiable types

of tumor, of which at least one is serous or clear cell. The mixed category is important

to identify because recent evidence suggests that any component of a high-risk histology
confers an adverse outcome [13-15]. The World Health Organization definition of mixed
carcinoma requires that the two components be spatially distinct and identifiable. Another
group of tumors that present a challenge for pathologists is those that have a combination of
features that do not fit neatly into any of the cell types. We refer to these tumors, which are
encountered with some frequency, as “indeterminate”.

The present study reports on the behavior of endometrial cancers with a clear cell
component, with an emphasis on mixed and indeterminate histologic types. The study
draws upon Gynecologic Oncology Group (GOG) protocol GOG-210, under which

a large cohort of women with various histologic types of endometrial carcinoma
underwent complete epidemiologic evaluation and homogenous initial treatment including
hysterectomy, salpingo-oophorectomy, and pelvic and para-aortic lymphadenectomy. A
sub-protocol (GOG-8032) was established to use highly specialized pathology review to
provide more detailed histopathologic annotation of tumor type. One aim of the protocol
was to examine the significance of mixed and indeterminate tumor types. A previous
manuscript described tumors with a serous component, comparing pure serous tumors to
mixed serous/endometrioid tumors or those with histology indeterminate between serous
and endometrioid [13]. We now report the clinical and pathologic characteristics of
women enrolled in GOG-210 with pure and non-pure clear cell tumors to document
differences in presentation and prognosis. Specifically, we asked whether a tumor with
mixed endometrioid and clear cell carcinoma has the same pattern of spread and prognosis
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as a pure clear cell carcinoma. Additionally, we sought to determine the behavior of tumors
that cannot be neatly classified as either clear cell or endometrioid carcinoma.

Inclusion and Exclusion Criteria and Treatment:

GOG-210, “A Molecular Staging Study of Endometrial Carcinoma,” enrolled patients
from September 22, 2003, to December 1, 2011. The protocol was approved by the
Institutional Review Board at each participating institution. On September 24, 2007, the
protocol was amended by restricting eligibility to patients with high-risk cell types and
underrepresented minorities, in order to enhance accrual of these sub-populations. Entry into
the study required a biopsy or curettage proving the diagnosis of endometrial carcinoma.
Participants were asked to complete an epidemiologic questionnaire and underwent initial
treatment with total hysterectomy, bilateral salpingo-oophorectomy, and pelvic and para-
aortic lymphadenectomy, with collection of serum, urine, fresh-frozen and formalin-fixed
neoplastic and non-neoplastic tissues for other investigations. Adjuvant therapy and any
treatment for metastatic or recurrent disease were not specified by the protocol. Survival data
were frozen as of January 15, 2019.

Central Pathology Review:

For each patient, the local pathologist reviewed the material from the hysterectomy and
provided slides for central review depicting pertinent pathologic characteristics including
histologic type and tumor stage. Immunostains or slides depicting lymphovascular space
invasion or depth of invasion were not required but were reviewed if provided. Slides

were initially reviewed by rotating pairs of GOG Pathology Committee members attending
semiannual meetings, including but not limited to the authors. After comparing the central
review data on these cases with that from the submitting institution, it was determined

that the reproducibility in assessment was sufficiently great that central review was not
necessary for endometrioid, adenosquamous, and mucinous carcinomas of grades 1 and 2,
stages IA-1C (FIGO 1988). All cases of other histologic types were submitted for a third
review carried out at double-headed microscopes by rotating pairs of pathologists drawn
from a group of six (“G6”) with special expertise in gynecologic pathology, following
mutually agreed-upon criteria for diagnoses and interpretations of findings. The expert
pathologists were not masked to the local diagnoses and were able to review the original
reports (identifiers were redacted). When G6 determinations were not available, the results
of central (GOG) pathology review or local institutional pathology review were substituted
to minimize missing values.

Cell Type Definitions:

Clear cell carcinoma was defined per Crum and Lee’s Diagnostic Gynecologic and
Obstetric Pathology [16], with the following additional stipulations agreed upon by the
G6 pathologists: Architectural, cytoplasmic, and nuclear features together were used for
diagnosis; clear cytoplasm by itself was considered neither necessary nor sufficient for
diagnosis. Most CCC were expected to have papillary patterns present at least focally.
Papillae were expected to be round and non-hierarchically branched, lined by only one or
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two layers of cells. Stromal hyalinization was expected to sometimes be prominent. Tumor
cells were typically expected to be cuboidal, not tall columnar. Flattened and low columnar
cells were permitted. Exfoliation (budding) of tumor cells was not expected. Cytoplasm was
allowed to be clear or eosinophilic (oxyphilic). Nuclei in papillary tumors were expected

to be round and uniform in size and could have prominent nucleoli. Occasional scattered
larger nuclei were allowed. Tubulocystic CCC were expected to have flattened, hobnail, or
cuboidal cells, with either small nuclei or nuclei resembling those of papillary CCC. The
mitotic rate was expected to be low. Mitotic rates exceeding 8—-10 mitotic figures per 10
high-power fields were considered an exceptional feature. No grade was given to these CCC.

On the basis of published literature, prior experience, and review of protocol cases, the

G6 determined that, although some cases of CCC were composed purely of that individual
cell type, others fell into a mixed or indeterminate group. Therefore, the following five
categories were used: pure CC, mixed clear cell and endometrioid carcinoma (CC-EM-
M), mixed clear cell and serous carcinoma (CC-SER-M), indeterminate clear cell vs.
endometrioid carcinoma (CC-EM-I), and indeterminate clear cell vs. serous carcinoma
(CC-SER-I). The “mixed” categories were used for tumors that displayed two or more
well-defined patterns of neoplasm with any percentage of admixture. The “indeterminate”
categories were used for tumors that displayed a single pattern (not a mixture) that had a
combination of features that did not fit neatly into any of the cell types. Tumor classification
was performed primarily on histologic grounds, supported by any immunohistochemical
data provided in the original pathology report. Immunostained slides were not generally
available.

Statistical Considerations:

SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses. All statistical
tests were two-sided. Based upon the protocol, 37 statistical tests were planned, and a
Holm-Bonferroni stepdown correction was used to adjust AP-values for multiple hypothesis
testing with a family-wise error rate of 0.05 [17]. All observations with missing values
(including not reported/not assessed) were excluded from statistical analyses.

The association of the five clear cell histologic subtypes (CC, CC-EM-M, CC-SER-M, CC-
EM-I, and CC-SER-I) with each of the baseline patient or clinicopathologic characteristics
was evaluated either by Monte Carlo permutation-based exact chi-square tests for discrete-
type characteristics or by Monte Carlo permutation-based exact Kruskal-Wallis tests for
interval-type characteristics.

Log-rank tests were used to compare progression-free survival (PFS) and overall survival
(OS) among patients with the five tumor subtypes. PFS was defined as the time from study
entry to disease recurrence or progression, death, or last contact, whichever occurred first.
PFS was censored in patients who were alive and had not experienced disease progression
or recurrence at last contact. OS was defined as the time from study entry to death due

to any cause or last contact. The relationship of PFS and OS with baseline characteristics
(whenever feasible) was also examined by log-rank tests. A Cox proportional hazards model
was used to estimate corresponding hazard ratios [18]. Given the small numbers, patients
with race other than black or white were not included in the survival analysis.
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RESULTS

There were 6,124 patients enrolled in GOG-210. After removing patients with ineligible cell
types, non-endometrial primary tumor site, history of pretreatment, or other factors, 5,866
were eligible for further analysis. After application of standardized terminology and criteria,
3,657 patients (62.3%) had pure endometrioid tumors of any grade, and 934 (15.9%) had a
serous component without evidence of a clear cell component. These patients had either pure
serous carcinoma, mixed serous and endometrioid carcinoma, or indeterminate serous versus
endometrioid carcinoma. A group of six highly specialized pathologists conducted central
pathology review of 3,566 (60.8%) tumors, including 308 out of 311 (99%) tumors with a
clear cell component.

Among the 3,715 (63.3%) participants enrolled during the initial, unrestricted period of
enrollment, 3.5% had CCC or one of its variants. Among the 2,151 (36.7%) enrolled after
the protocol was modified to prioritize the inclusion of minorities and patients with rare
tumor types, 8.5% had CCC or one of its variants (Table 1). In the entire cohort, 311 patients
out of 5,866 (5.3%) had tumors that fell into one of five CCC categories: pure clear cell
carcinoma (CC, 136 patients), mixed clear cell and endometrioid carcinoma (CC-EM-M, 70
patients), mixed clear cell and serous carcinoma (CC-SER-M, 52 patients), indeterminate
clear cell versus endometrioid carcinoma (CC-EM-I, 32 patients), and indeterminate clear
cell versus serous carcinoma (CC-SER-I, 21 patients). No tumors had mixtures or features of
all three cell types.

Subsequent analyses were carried out using pure clear cell carcinoma (CC) as the reference
group to determine the significance of the CC-EM-M, CC-SER-M, CC-EM-I, and CC-SER-
I subtypes. Clinicopathologic characteristics of these groups were generally similar (Table
2). Patients in the CC-EM mixed and indeterminate categories were younger than the others
(P=0.0276 for overall effect). Patients with these tumor types did not significantly differ
from the reference with regard to body mass index; race; ethnicity; myometrial invasion;
lymphovascular invasion; involvement of the cervix, adnexa, lymph nodes, peritoneum, or
omentum; FIGO stage; or planned use of adjuvant therapy.

Follow-up data were examined by using a log-rank test to determine whether these tumor
types had differences in biologic behavior or outcome. The overall median follow-up time
for vital status was 100.7 months (120.4 months for the unrestricted period and 93.3 months
for the restricted period). Survival analyses were performed initially by using a univariate
model (Table 3). At the nominal 0.0045 significance level after adjustment, there was no
difference in PFS between the five CCC subtypes. Pairwise analysis showed that patients
with CC-EM-I had a lower event rate than CC (HR 0.521, 95% CI 0.241-0.997) and CC-
SER-I (HR 0.383, 95% CI 0.156-0.906). Results from additional log-rank tests indicated
that PFS was statistically significantly shorter with incrementally deeper myometrial
invasion, lymphovascular invasion, cervical stromal invasion, adnexal involvement, nodal
involvement, omental involvement, and incremental FIGO stage. Similar results were found
for OS, including a lower event rate in CC-EM-I versus other categories (specifically
CC-SER-I with HR 0.289, 95% CI 0.108-0.721, and CC-SER-M with HR 0.413, 95%

Cl 0.163-0.928). Given that the log-rank test result did not support that the overall PFS
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distribution was statistically significantly different among the clear cell subtypes, multiple
regression survival analysis was not pursued.

To further explore the possible prognostic significance of the various CCC subtypes,
Kaplan-Meier curves were drawn to depict PFS (Figure 1A) and OS (Figure 1B) of patients
with clear cell subtypes. For comparison, the survival of patients from GOG-210 with pure
grade 3 endometrioid adenocarcinoma (EM-grade 3) and pure serous carcinoma (SER) was
also plotted. Patients in the CC-EM-I group had longer PFS and OS than those in any other
group, including EM-grade 3. Patients with CC-SER-M and CC-SER-I had the shortest PFS
and OS of any clear cell subtype, comparable to pure SER. Kaplan-Meier curves of data
from only early-stage patients (FIGO stages | and 1) (Figure 2A-B) revealed that patients
with CC-EM-I had the most favorable outcomes. Other groups were comparable to one
another, though patients with CC-SER-M or CC-SER-I had shorter OS and PFS than the
other groups. However, this study was not powered to test the statistical significance of these
findings.

DISCUSSION

This study takes advantage of clinicopathologic data and histologic slides from GOG- 210, a
large series of endometrial cancer cases with homogeneous initial treatment. We specifically
focus here on CCC of the endometrium in pure form, with an admixed endometrioid or
serous component, or with features that appear indeterminate/ambiguous between CCC and
either endometrioid or serous cancer. Few reports have dealt with the subtypes we define
here, although our data show that they occur often within CCC cases. Out of 311 total CCC
cases, 175 (56.3%) were CC-EM-M, CC-EM-I, CC-SER-M, or CC-SER-I, and only 136
(43.7%) were pure CC. Although the decision to assign a mixed or indeterminate category
is inevitably subjective, mixed and indeterminate forms may be more common than pure
forms, so it is important to understand their behavior.

With regard to baseline characteristics, the only statistically significant difference between
the groups selected for review was a minor difference in age at presentation. Planned
adjuvant therapy did not differ on a binary basis between the groups, but we did not have
more detailed data on the adjuvant regimens in each group. Baseline analyses also revealed
few significant differences between subtypes of serous carcinomas in GOG-8032, in results
previously published [13].

Survival analyses showed that several prognostic factors that are pertinent to endometrioid
carcinoma are also significant for CCC and its subtypes. In addition, these analyses
demonstrated that patients in the indeterminate CC-EM-I group had a survival advantage
over those with CC (PFS only), CC-SER-I (PFS and OS), and CC-SER-M (OS only)
tumors. Although this correlation was not significant after adjustment for multiple
hypothesis testing, an effect of this size would be clinically meaningful, if confirmed. The
category CC-EM-I in this study consisted of tumors that a group of expert pathologists
could not confidently assign as clear cell or endometrioid using morphologic features. The
apparent prognostic benefit of CC-EM-I could occur because some of these tumors are
truly low-grade endometrioid tumors with features such as secretory change, cytoplasmic
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glycogenation, or Arias-Stella—like reaction [19], that mimic clear cell morphology.
Immunostains (HNF-18, Napsin A, ER, CTH, and ASS1) have been reported to be useful
in resolving the differential for tumors with “nonspecific clear cell changes” (analogous to
our “indeterminate” category), as they consistently reveal a profile typical of endometrioid
adenocarcinoma. Such stains were not part of our protocol but could be recommended to
pathologists confronted with such a tumor. However, the stains seem to have limited utility
in mixed carcinomas, which can fail to show a specific interpretable immunoprofile [20].
Moreover, these stains are not available in all or even most laboratories, and pathologists
may lack experience with them.

This study has several strengths. The cohort was large, comprising 311 cases of a rare entity,
clear cell carcinoma. The vast majority of cases were reviewed by a group of six senior
gynecologic pathologists using uniform diagnostic criteria. Additionally, lengthy follow-up
data were available. Finally, the database was maintained by the GOG Statistical and Data
Center using statistical best practices.

Several weaknesses of this study should be recognized. Cell type assignments were made
based on examination of representative slides selected by the submitting institutions.
Components not present on these slides would not have been seen by the central pathology
reviewers. In addition, this protocol was activated in 2003, before widespread adoption

of immunohistochemistry for classification of endometrial cancer. The study did not call
for any systematic use of immunostains that may be helpful in the diagnosis of clear cell
carcinoma. Therefore, H&E-stained slides were used for diagnosis. Immunostain results
were provided for some cases, but their existence and their impact on tumor classification
was not documented. Given the study design, there could be disagreement about the
histologic assignment of any particular case, but given the experience level of the G6
pathologists, systematic error in the classification process was unlikely. Another limitation
is that the relative percentage of each component was not documented and could not be
determined because only representative slides were submitted for review. The data are
thus not informative as to whether the percent admixture of various components predicts
clinicopathologic characteristics or survival.

Patients on GOG-210 received uniform initial surgical treatment, but subsequent treatment
was not controlled. Our ability to comment on the biologic behavior of the tumors is
therefore limited. At baseline, planned adjuvant therapy (yes/no) did not differ between
groups (Table 2). All of the histologic types studied here would have been considered
high-risk, so one would not expect there to have been systematic differences in treatment.

The design of GOG-210 allowed only patients with residual carcinoma at hysterectomy to
be enrolled because those patients had resection material available for central pathology
review. The study may therefore be biased towards patients with a larger burden of disease,
whereas patients with focal or low-volume tumor completely ablated by the initial sampling
are not represented.

The study did not include molecular correlates, although certain mutational profiles are now
known to be characteristic of various endometrial cancer types. Thus, the potential role of
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somatic variants in substantiating tumor classification cannot be evaluated in our data. In
future work, it would be possible to perform genetic profiling of banked tumor tissue to
address this topic. Molecular profiling suggests that there are subsets of CCC with molecular
similarity to either serous or endometrioid adenocarcinoma [4]. Therefore, there may be
molecular correlates of the indeterminate histologic groups identified in our study.

There is great interest in determining whether ProMisE-like molecular classifiers have
prognostic value in clear cell tumors. The ProMisE algorithm adapts insights from The
Cancer Genome Atlas to classify endometrioid and serous tumors into four categories with
distinct biologic behavior and treatment susceptibility [21]. Initial findings suggest that,
within the overall group of CCC, the Proactive Molecular Risk Classifier for Endometrial
Cancer (ProMisE) categories of p53 abnormal, mismatch repair deficient, and POLE-
mutated have the same implications as they do for the endometrioid and serous tumors

in which these categories were initially defined. However, CCC in the so-called p53 wild-
type/“no specific molecular profile” (NSMP) category differ in behavior from non-clear
cell NSMP tumors [22], with CCC/NSMP showing worse prognosis than endometrioid/
NSMP. Therefore, ProMisE-like classification is unlikely to completely replace histologic
classification for CCC.

To conclude, we report a prospective clinicopathologic analysis of 311 patients with CCC of
the endometrium. Specialized pathology review was used to identify a subset of tumors that
were either mixed (CCC mixed with endometrioid or serous carcinoma) or indeterminate
(homogenous tumors having histologic features intermediate between CCC and either
endometrioid or serous carcinoma). No difference in prognosis was identified between pure
CCC and the mixed groups. One interpretation of this result is that any component of
unequivocal CCC confers high-risk status on an endometrial carcinoma. We found evidence
that the CC-EM-I group—patients with tumors considered indeterminate between CC and
endometrioid adenocarcinoma—had a better prognosis than other subsets, without statistical
significance. It is possible that some of these tumors were in fact low-grade endometrioid
adenocarcinomas, which would account for the patients’ good prognosis, although even
experienced pathologists saw in them a possible clear cell component. Pathologists are
cautioned that cancers that are overall endometrioid, with features that are only suggestive
of CCC, may not have the same prognasis as tumors that are definitely pure or mixed CCC.
It may be valuable to continue to record the various diagnostic categories described in this
study so that their significance can be further defined.
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1. Three hundred eleven endometrial clear cell carcinomas were identified
within the GOG-210 cohort.

2. Expert pathologic review identified some cases as pure clear cell carcinoma
and others as mixed or indeterminate.

3. Clear cell tumors with a definite serous or endometrioid component had
outcome similar to pure clear cell carcinoma.

4, Indeterminate clear cell versus endometrioid tumors had more favorable
outcomes.
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Figure 1.

Kaplan-Meier curves depicting (A) progression-free survival and (B) overall survival of
patients with clear cell carcinoma subtypes. CC, pure clear cell carcinoma; CC-EM-M,
mixed clear cell and endometrioid carcinoma; CC-SER-M, mixed clear cell and serous
carcinoma; CC-EM-I, indeterminate clear cell vs. endometrioid carcinoma; CC-SER-I,
indeterminate clear cell vs. serous carcinoma. In both panels, survival of patients with

grade 3 pure endometrioid carcinoma (EM) and pure serous carcinoma (SER) are plotted for

comparison.
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Figure 2.

24 48 72 96 120 144
Months on Study

Kaplan-Meier curves depicting (A) progression-free survival and (B) overall survival of
patients diagnosed at FIGO stage | or Il with clear cell carcinoma subtypes. CC, pure

clear cell carcinoma; CC-EM-M, mixed clear cell and endometrioid carcinoma; CC-SER-M,
mixed clear cell and serous carcinoma; CC-EM-I, indeterminate clear cell vs. endometrioid
carcinoma; CC-SER-I, indeterminate clear cell vs. serous carcinoma. In both panels, survival
of patients with grade 3 pure endometrioid carcinoma (EM) and pure serous carcinoma

(SER) are plotted for comparison.
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Distribution of GOG-210 tumor histology and grade (for endometrioid tumors only) according to enroliment

period and G6 (group of six expert pathologists) review status.

Enrollment period G6 review status ~ Total
Tumor histology Unrestricted  Restricted Yes No
Endometrioid 2,741 916 1,420 2,237 3,657
Endometrioid, grade 1 1,407 345 403 1,349 1,752
Endometrioid, grade 2 985 267 419 833 1,252
Endometrioid, grade 3/not graded 349 304 598 55 653
Serous 423 511 914 20 934
Pure serous 273 390 644 19 663
Mixed serous/endometrioid 91 47 138 0 138
Indeterminate serous/endometrioid 59 74 132 1 133
Clear cell 129 182 308 3 311
Pure clear cell 54 82 133 3 136
Mixed clear cell/endometrioid 40 30 70 0 70
Indeterminate clear cell/endometrioid 15 17 32 0 32
Mixed clear cell/serous 17 35 52 0 52
Indeterminate clear cell/serous 3 18 21 0 21
All others 422 542 924 40 964
Total 3,715 2,151 3,566 2,300 5,866
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