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HIGHLIGHTS

* Carcinomas may concurrently involve endometrium and ovary.

» We sought to separate women with these tumors into clinically low-risk and high-risk groups.

» We derived a risk-based classification based on pathologic features of the endometrial tumors.

* Risk-based classification allows prognostic stratification of women with concurrent endometrial/ovarian tumors.
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cers, [IIA-EC) using clinicopathologic criteria is often challenging. Recent genomic studies showed that most such
tumors are clonally related. We sought to identify clinicopathologic features associated with clinical outcomes,
and to separate women with these tumors into clinically low-risk and high-risk groups.

Methods. We reviewed clinical and pathologic data from 74 women who, between 1993 and 2014,

I;;ﬁzvﬁ;di'ous carcinomas underwent primary surgery for endometrial cancer and had concurrent ovarian involvement.

Endometrium Results. The endometrial carcinomas were endometrioid (EECs, n = 41) or non-endometrioid (ENECs, n =
Endometrioid carcinoma 33). Nineteen (26%) cases were originally classified as IPTs using clinicopathologic criteria. Multivariate analysis
Non-endometrioid carcinoma revealed that lymph node involvement (hazard ratio (HR) = 2.38, 95% CI 1.13-5.02, p = 0.023) and non-
Ovary endometrioid endometrial tumor histology (HR = 6.27,95% CI 2.6-15.13, p <0.001) were associated with poorer

progression-free survival (PFS). Multivariate analysis of 65 women with known lymph node status revealed two
prognostically distinct groups: a high-risk group comprising ENECs with >50% myometrial invasion irrespective
of lymph node status (n = 21; median PFS 12.7 months, 95% CI, 9.24-19.8); and a low-risk group consisting of all
EECs, as well as lymph node-negative ENECs with <50% myometrial invasion (n = 44, median PFS not reached).
The risk-based classification was superior to the original classification of endometrial cancers as IPTs vs. IIIA-EC
for predicting PFS (log-rank test, p < 0.001 vs. p = 0.07).
Conclusion. Our proposed risk-based stratification enables categorization of women with concurrent endo-
metrial and ovarian tumors according to their likely clinical outcomes.
© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Staging, prognostic assessment and optimal clinical management of

carcinomas concurrently involving the endometrium and ovary [1-4]
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endometrioid tumors classified as IPTs had a favorable prognosis com-
pared to those classified as IIIA-ECs (86% vs. 58% 5-year survival rates)
[1,2,6,7], thought to be consistent with the low clinical stage of each
tumor in the former. However, accurate classification as IPT or IIIA-EC
can be challenging in some cases, because as described below, surgical
or histologic criteria that are currently used for this distinction do not
consistently and unequivocally stratify women into low- and high-risk
prognostic categories. This can lead to significant inter-institutional var-
iability in the treatment of these women.

Currently, in the context of tumors concurrently involving endome-
trium and ovary, the term “synchronous” has been used to describe
(mainly endometrioid) tumors associated with favorable prognosis or
simultaneous endometrioid carcinomas in which the metastatic nature
of the ovarian tumor cannot be completely ruled out. On the other hand,
tumors exhibiting pathologic features strongly suggestive of ovarian
metastasis (see below) are described as ovarian metastases.

Earlier studies attempted to identify specific histologic features that
would allow classification and staging of concurrent endometrial and
ovarian cancers. In a cohort of 34 women with both endometrioid and
non-endometrioid carcinomas, the proposed criteria for favoring an en-
dometrial primary included the following: either a major criterion
(multinodular growth pattern in the ovary), or >2 minor criteria (in-
cluding small size, <5 cm, of the ovary; bilateral ovarian involvement;
deep myometrial invasion; lymphovascular invasion; and tubal luminal
involvement) [8]. Scully et al.'s [9] pathologic criteria for classifying con-
current endometrial and ovarian tumors, described in 1998, are still
used today. According to these criteria, the features suggestive of IPTs
include the following: histologic dissimilarity of the tumors; absent or
superficial myometrial invasion; presence of atypical hyperplasia in
the endometrium; presence of endometriosis in the ovary; absence of
lymphovascular invasion; absence of spread of endometrial tumor; uni-
lateral ovarian involvement; ovarian parenchymal involvement without
lymphovascular invasion; absence of spread of ovarian tumor; and dis-
similar ploidy, molecular genetic or karyotypic abnormalities [9]. Fea-
tures favoring an endometrial primary with ovarian metastasis (I11A-
EC) include the following: histologic similarity of the tumors; larger
size of the endometrial tumor; presence of atypical endometrial hyper-
plasia and deep myometrial invasion with direct extension into adnexa
and/or lymphovascular invasion; other evidence of spread of endome-
trial tumor; bilateral, multinodular, hilar or surface involvement of the
ovary; absence of endometriosis; and similar ploidy, molecular genetic
or karyotypic abnormalities [9]. However, despite the use of these
criteria, classifying concurrent endometrial and ovarian tumors as IPTs
or IIIA-ECs is not always easy in practice, particularly in the not uncom-
mon setting in which the tumors exhibit one or more criteria favoring
independent primaries as well as one or more criteria favoring metasta-
sis. As a result, such cases are potentially at risk of being staged incor-
rectly and of being managed suboptimally.

Genomic approaches have been used to explore the biological nature
of concurrent ovarian and endometrial carcinomas. Early genetic stud-
ies of concurrent endometrial and ovarian tumors utilized assays of
loss-of-heterozygosity [10], ploidy [11], microsatellite instability
[12,13] and single gene mutations [12,13]. In these studies, the absence
of common genetic alterations in concurrent endometrial and ovarian
tumors was thought to indicate independent pathogenesis of the tu-
mors at each site, supporting the concept that they were IPTs. However,
shared alterations in at least some of the endometrial and ovarian tu-
mors may not have been detected in these studies, since the assays
used were focused on a limited portion of the genome. In contrast to
these reports, two recent genomic studies described sporadic
endometrioid tumors classified as IPTs to be frequently clonally related
[14,15]. Whole-exome massively parallel sequencing of 5 cases revealed
strikingly similar genetic abnormalities, including somatic mutations
and copy number alterations. Clonal relationships were confirmed by
high-depth targeted massively parallel sequencing in 17 additional
women [14]. In another study, targeted and exome sequencing showed

evidence of a clonal relationship in 17 of 18 cases of concurrent endo-
metrial and ovarian tumors. Eleven cases fulfilled clinicopathologic
criteria for IPTs, 10 of which were clonally related [15]. Although these
clonal relationships suggest that many concurrent endometrial and
ovarian tumors are not independent primary tumors, patients with
these tumors often exhibit paradoxically good clinical outcomes.
These data support the concept that ovarian metastases of endometrial
tumors may, at least in some cases, represent a feature that is not invari-
ably associated with adverse prognosis.

Since classification of concurrent endometrial and ovarian tumors
using currently used clinicopathologic criteria or genomic approaches
do not always reflect clinical outcomes, we sought to identify clinico-
pathologic features of these tumors that are directly associated with
clinical outcomes, and thereby allowing separation of women with
these tumors into prognostically low-risk and high-risk groups.

2. Materials and methods
2.1. Patient cohort

Through a query of our institutional database of 3812 women who
underwent primary surgery for carcinomas of the endometrium be-
tween 1993 and 2014 at our institution, we identified patients who
had concurrent endometrial and ovarian involvement. Histologic sub-
types included endometrioid carcinomas and non-endometrioid carci-
nomas (serous carcinoma, clear cell carcinoma, carcinosarcoma,
undifferentiated carcinoma, mixed carcinoma, squamous cell carcino-
mas [cervical origin was ruled out]) (Table 1). Women with stage IV dis-
ease were excluded. Surgical procedures consisted of total abdominal
hysterectomy, bilateral salpingo-oophorectomy, pelvic and/or para-
aortic lymph node sampling, omentectomy, pelvic and peritoneal biop-
sies, and cytology. The type of adjuvant therapy (pelvic radiation, che-
motherapy, hormonal therapy) was individualized.

Pathology reports were reviewed to determine the original patholo-
gists' classification as IPTs or IlIA-ECs. Clinical, macroscopic and micro-
scopic data were reviewed, including patient age, body mass index
(BMI), histotype of endometrial and ovarian tumors, binary histologic
grade for endometrioid adenocarcinomas (low-grade included FIGO
grades 1 and 2, while high-grade included FIGO grade 3), depth of
myometrial invasion (none or <50% vs. >50%), lymph node status, pres-
ence of lymphovascular invasion in the uterus, peritoneal washing cy-
tology result and presence of endometriosis in the ovary. Microscopic
slides were not re-reviewed, as many of the cases were consultation
cases which had been returned to the submitting institutions. The Insti-
tutional Review Board approved the study.

Table 1
Histologic subtypes of concurrent endometrial and ovarian tumors.
Endometrial tumor Total

Ovarian tumor EC SC MMMT Cccc MC uc SCcC
EC 40 2 0 0 0 1 0 43
SC 0 17 0 0 0 0 0 17
MMMT 0 0 9 0 0 0 0 9
CcC 1 0 0 1 0 0 0 2
MC 0 0 0 0 1 0 0 1
uc 0 0 0 0 0 1 0 1
ScC 0 0 0 0 0 0 1 1
Total 41 19 9 1 1 2 1 74

EC, endometrioid carcinoma; SC, serous carcinoma; MMMT, malignant mixed Mullerian
tumor (carcinosarcoma); CCC, clear cell carcinoma; MC, mixed carcinoma (exhibiting
endometrioid, serous and undifferentiated features); UC, undifferentiated carcinoma;
SCC, squamous cell carcinoma.

The bold entries indicate cases in which the endometrial and ovarian tumors were of the
same histologic subtype.
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2.2. Statistical analysis

Disease-specific survival (DSS) was defined as the time from surgery
to death from endometrial/ovarian cancer. Overall survival (OS) was de-
fined as the time from surgery to death from any cause. Progression-free
survival (PFS) was defined as the time from surgery to progression, or
time from surgery to last follow-up, or death if progression did not
occur. Five women died without progression and were censored at
date of death. PFS probabilities were estimated using the Kaplan-
Meier method and differences between groups were assessed using
the log-rank test.

Cox proportional hazards regression was used to evaluate the asso-
ciations between various clinicopathologic characteristics and PFS in a
univariate fashion. Kendall rank correlation coefficients were used to as-
sess correlation between covariates with the aim of excluding variables
that were highly correlated with others from multivariate analysis. A
stepwise approach was used to build a multivariate model starting
from the variables that were significant in the univariate analysis and
excluding those that were highly correlated.

We further investigated the presence of significant risk factors based
on the histologic subtype of endometrial carcinomas: endometrial
endometrioid carcinomas (EECs) vs. endometrial non-endometrioid
carcinomas (ENECs). The analysis was centered on endometrial histol-
ogy for two reasons: 1) all women underwent primary surgery for en-
dometrial carcinomas and were found to have ovarian involvement;
2) endometrial and ovarian tumors had identical morphology in 95%
of cases (see below). We followed the same strategy of univariate anal-
ysis, followed by stepwise multivariate regression. This analysis led to
the identification of low- and high-risk groups. The PFS differences be-
tween these groups were assessed by the log-rank test. All statistical
analyses were performed in R version 3.4 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Analysis of the whole cohort

We identified 74 women with tumors concurrently involving the
endometrium and ovary (Table 2). The median patient age was
61 years (range 32-89). There were 41 (55%) EECs and 33 (45%)
ENECs. The depth of myometrial invasion was >50% in 36 cases (49%).
Lymphovascular invasion was identified in 55 (74%) cases, and 26
women (35%) had lymph node metastases. The endometrial and ovar-
ian carcinomas had similar morphology in the majority of cases (70/
74, 95%) (Table 3). A total of 23 (31%) women had positive peritoneal
washings, and ovarian endometriosis was present in 13 cases (18%). Tu-
mors were classified by the reporting pathologists as IPTs in 19 (26%)
cases, and as IIIA-ECs in 55 (74%) cases. Most IPTs (16/19, 84%) were
endometrioid adenocarcinomas. Disease progression occurred in 35
(47%) women, including 26% (5/19) of IPTs, while 23 (31%) women
died (median follow-up 60.7 months). Of the 5 patients with IPTs, the
pathologic features were as follows: 2 high-grade endometrioid adeno-
carcinomas, 2 low-grade endometrioid adenocarcinomas and 1 serous
carcinoma, while ovarian tumors were all endometrioid; only 2 tumors
(1 endometrioid, 1 serous) showed >50% myometrial invasion, and only
1 endometrioid carcinoma was lymph node positive; lymphovascular
invasion was identified in 4 cases (1 serous, 3 endometrioid). The 3-
and 5-year PFS rates were 58% and 56%, while the 3- and 5-year DSS
rates were 85% and 80% (Supplementary Table 1).

Univariate Cox proportional hazards analysis revealed that increas-
ing patient age, lymph node involvement, histology of endometrial
and ovarian carcinomas (endometrioid vs. non-endometrioid), and
higher grade of endometrial carcinoma (ENECs and high-grade EECs
vs. low-grade EECs) were associated with disease progression (p <
0.02) (Table 2, Fig. 1). Peritoneal washing cytology and depth of

Table 2
Summary of clinicopathologic variables and univariate Cox proportional hazard analysis
(progression used as outcome variable) in the whole cohort.

Total (n = HR (95% CI) p-Value
74)
Age; median (range) 61(32-89) 1.05(1.01-1.08) 0.008*

BMI; median (range) 28 (18-62) 1.01(0.98-1.05) 0.482
Depth of myometrial invasion, n (%) 0.069
250% 36 (48.6) 1.89(0.95-3.7)
None or <50% 38 (514) 1.00

Lymph node status, n (%) 0.022°
Negative 39 (52.7) 1.00
Positive 26 (35.1)  2.32(1.13-4.77)
N/A 9(12.2)
Histology endometrial, n (%) <0.001?
EEC 41 (554) 1.00
ENEC 33 (44.6) 4.9 (2.32-10.38)
Grade endometrial, n (%) <0.001°
High 38(51.4) 1.00
Low 36 (48.6) 0.23(0.11-0.5)
Histology ovarian, n (%) <0.001°
Endometrioid 43 (58.1) 1.00
Non-endometrioid 31(41.9) 4.64(2.25-9.58)
Lymphovascular invasion, n (%) 0.618
No 19(25.7) 1.00
Yes 55(743)  1.23(0.55-2.72)
Peritoneal washing, n (%) 0.11
Negative 31(41.9) 1.00
Positive 23(31.1) 1.86(0.87-4)
N/A 20 (27.0)
Endometriosis, n (%) 0.12
No 61(824) 1.00
Yes 13(17.6)  0.39(0.12-1.28)
Endometrial vs. ovarian histology, n (%) 0.382
Different 4(5.4) 1.00
Similar 70 (94.6) 243
(0.33-17.76)
Adjuvant treatment, n (%)
None 1(1.4)
Hormonal therapy 2(2.7)
Radiation + hormonal therapy 2(2.7)
Radiation therapy 9(12.2)
Systemic therapy 60 (81.1)
Progression, n (%)
No 39 (52.7)
Yes 35 (47.3)

BMI, body mass index; CI, confidence interval; EEC, endometrial endometrioid carcinoma;
ENEC, endometrial non-endometrioid carcinoma; HR, hazard ratio; N/A, not applicable.
@ Statistically significant variables.
b High grade endometrioid adenocarcinomas and all non-endometrioid
adenocarcinomas.

myometrial invasion did not show statistically significant associations
with disease progression.

Given that histotype of endometrial carcinomas was highly corre-
lated with histologic grade and histotype of ovarian carcinomas (Ken-
dall r = 0.87, r = 0.89, respectively), the multivariable analysis was
performed using endometrial histotype as the most clinically relevant
variable. This analysis demonstrated that there were only two statisti-
cally significant predictors of PFS in the whole cohort - lymph node

Table 3
Comparison of histologic subtypes of endometrial and ovarian carcinomas.

Ovarian histology ~ Endometrial histology

EEC (n = 41) ENEC (n = 33)

Endometrioid 40 3
(n=43) (93% ovarian; 98% (7% ovarian; 9% endometrial)
endometrial)
Non-endometrioid 1 30
(n=31) (3% ovarian; 2% (97% ovarian; 91%
endometrial) endometrial)

EEC, endometrial endometrioid carcinoma; ENEC, endometrial non-endometrioid
carcinoma.
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Fig. 1. PFS analysis by lymph node status (a) and histology of endometrial carcinoma (b) in the whole cohort (Log Rank p = 0.019 and p < 0.001) (PFS, progression-free survival).

involvement (HR = 2.38,95% CI 1.13-5.02, p = 0.023) and endometrial
tumor histotype (endometrioid vs. non-endometrioid) (HR = 6.27, 95%
(12.6-15.13, p < 0.001).

3.2. Comparison of clinicopathologic features in women with EECs and
ENECs

Ovarian and endometrial carcinomas had similar morphology in
most cases: 98% (40/41) for EECs and 91% (30/33) for ENECs
(Table 3). Of 41 EECs, most cases (36, 87.8%) were low-grade, and

only 5 (12.2%) were high-grade in both sites. Table 4 details the clinico-
pathologic features of EECs and ENECs. The median age was 53 years
(range 32-89) for women with EECs and 66 years (range 45-88) for
women with ENECs (p = 0.003). Only 3 (9%) ENECs were considered
IPTs by the original pathologists, compared with 16 (39%) EECs (p =
0.004).

Clinicopathologic variables and univariate Cox proportional hazard
analysis for PFS in EECs and ENECs are described in Table 4. Disease pro-
gression occurred in 12 (29%) EECs and 23 (70%) ENECs (HR = 4.9, 95%
Cl, 2.32-10.38, p < 0.001). Ten women (24%) with EECs and 13 women

Table 4
Clinicopathologic variables and univariate Cox proportional hazard analysis (progression used as outcome variable) in EECs and ENECs.
EEC (n = 41) HR (95% CI) p-Value ENEC (n = 33) HR (95% CI) p-Value
Age; median (range) 53 (32, 89) 1.01 (0.95-1.07) 0.753 66 (45, 88) 1.07 (1-1.14) 0.047°
BMI; median (range) 28 (18,61) 1.03 (0.97-1.09) 0.308 27 (18,62) 1(0.95-1.04) 0.912
Depth of myometrial invasion, n (%) 0.857 0.001°
>50% 19 (46.3) 1.00 17 (51.5) 435 (1.81-11.1)
None or <50% 22 (53.7 1.12 (0.34-3.69) 16 (48.5) 1.00
Lymph node status, n (%) 0.483 0.006*
Negative 25 (61) 1.00 14 (424) 1.00
Positive 10 (24.4) 0.57 (0.12-2.76) 16 (48.5) 3.99 (1.5-10.63)
N/A 6 (14.6) 3(9.1)
Grade endometrial, n (%) 0477 N/A
High® 5(12.2) 1.00 33 (100) N/A
Low 36 (87.8) 0.6 (0.15-2.42) N/A
Histology ovarian, n (%) N/A 0.173
Endometrioid 40 (97.6) N/A 3(9.1) 1.00
Non-endometrioid 1(2.4) N/A 30 (90.9) 4,04 (0.54-30.15)
Lymphovascular invasion, n (%) 0316 0.952
No 15 (36.6) 1.00 4(12.1) 1.00
Yes 26 (63.4) 0.56 (0.18-1.75) 29 (87.9) 1.05 (0.24-4.52)
Peritoneal washing, n (%) 0.386 0.902
Negative 18 (43.9) 1.00 13 (394) 1.00
Positive 7(17.1) 2.17 (0.38-12.51) 16 (48.5) 1.06 (0.45-2.49)
N/A 16 (39.0) 4(12.1)
Endometriosis, n (%) 0.729 0.422
No 30(73.2) 1.00 31(93.9) 1.00
Yes 11 (26.8) 0.76 (0.16-3.56) 2 (6.1) 0.44 (0.06-3.27)
Progression, n (%)
No 29 (70.7) 10 (30.3)
Yes 12 (29.3) 23 (69.7)

BMI, body mass index; CI, confidence interval; EEC, endometrial endometrioid carcinoma; ENEC, endometrial non-endometrioid carcinoma; HR, hazard ratio; N/A, not applicable. Some p-

values are N/A due to insufficient sample size at each level.
@ Statistically significant variables.

b High grade endometrioid adenocarcinomas and all non-endometrioid adenocarcinomas.
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(39%) with ENECs died. The 3- and 5-year PFS rates were 85% vs. 24%,
respectively and 82% vs. 24%, respectively; the 3- and 5-year DSS rates
for women with EECs and ENECs were 92% vs. 73%, respectively and
89% vs. 65%, respectively (Supplementary Table 1).

Subset analysis of EECs and ENECs revealed that there were no risk
factors that could separate favorable and unfavorable prognostic groups
in women with EEC (Table 4). In contrast, in women with ENECs, three
variables were significantly associated with PFS: patient age (HR =
1.07, 95% CI, 1-1.14, p = 0.047), depth of myometrial invasion (HR =
4.35, 95% CI, 1.81-11.1, p = 0.001), and lymph node status ((HR =
3.99, 95% (I, 1.5-10.63, p = 0.006) (Table 4, Fig. 2).

Multivariable analysis including patient age, depth of myometrial in-
vasion and lymph node status showed that there were two significant
predictors of PFS in ENECs - lymph node involvement (HR = 3.56,
95% (I, 1.3-9.74, p = 0.014), and >50% depth of myometrial invasion
(HR = 4.55,95% (I, 1.69-11.11, p = 0.002).

3.3. Identification of low- and high-risk groups

In a multivariate analysis including 65 women with known lymph
node status, EECs were compared to ENECs stratified by lymph node
status and depth of myometrial invasion (Supplementary Fig. 1). EECs
and lymph node negative ENECs with <50% myometrial invasion had
more favorable outcomes (n = 44, median PFS and DSS not reached)
and were categorized as a low-risk group. All other ENEC patients (i.e.
ENECs with >50% myometrial invasion with or without positive lymph
nodes) had a poorer PFS (n = 21; median PFS 12.7 months, 95% CI,
9.24-19.8) and DSS (median DFS not reached) and were categorized
as a high-risk group. The survival difference between the low-risk and
high-risk groups was statistically significant (PFS p < 0.001, Fig. 3a;
DSS p = 0.005, Fig. 3b).

In contrast to the risk-based stratification, PFS analysis based on the
original pathologists™ classification of endometrial tumors as IPTs or IlIA-
ECs failed to reveal statistically significant differences between sub-
groups (PFS p = 0.07, Fig. 3c; DSS p = 0.15, Fig. 3d). Comparison of
the newly assigned risk groups to this original classification showed
that 31 cases (42%) were reclassified/restaged: 2 cases originally classi-
fied as IPTs were reclassified as high-risk, and 29 cases originally classi-
fied as IIIA-ECs were reclassified as low-risk. Clinicopathologic
characteristics of low- and high-risk groups are summarized in Table 5.
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Comparing clinical outcomes of low- vs. high-risk groups, the 3- and
5-year PFS rates were 83% vs. 8% and 80% vs. 8%; the 3- and 5-year DSS
rates were 95% vs. 60% and 89% vs. 60% (Supplementary Table 1).

4. Discussion

Our study presents a risk-based stratification of endometrial cancers
in women with concurrent endometrial and ovarian cancers. Tradition-
ally, histologic criteria first proposed by Ulbright and Roth [8] and fur-
ther refined by Scully et al. [9] have been applied to carcinomas
concurrently involving the endometrium and ovary for primary site as-
signment and staging. Tumors that are classifiable as IPTs are typically
low-grade endometrioid adenocarcinomas in both sites in 90% of cases
[1,5,16]. Affected women tend to be young (premenopausal), over-
weight and nulliparous, and have a favorable prognosis with a median
survival of nearly 10 years [1,2,5,16-18], further supporting their classi-
fication as two low-stage tumors rather than I[IA-ECs, which are charac-
terized by 5-year and 10-year OS rates of 43-58% [19,20] and 37% [21],
respectively. However, the clinical significance and relationships be-
tween some of the Scully criteria are questionable. For example, in the
setting of positive lymph nodes, an ovarian tumor would most likely
represent metastasis from an endometrial primary even in the absence
of lymphovascular invasion or deep myometrial invasion [22]. Conse-
quently, even after considering all of the features, the primary site can-
not be assigned confidently in a significant proportion of cases [22],
particularly in tumors with some features favoring “synchronous” tu-
mors (i.e. IPTs) and others favoring “metastasis”. Furthermore, indepen-
dent validation studies of the above criteria have not been performed.
Therefore, risk-based stratification of women with concurrent endome-
trial and ovarian tumors is likely to be more useful clinically than defin-
itive identification of the primary site.

Our study showed that the risk-based classification of endometrial
cancers is superior to the original classification as IPTs vs. IIIA-EC for
predicting PFS. Comparison of low-risk and high-risk groups demon-
strates significant differences in clinical outcomes (5-year 0S: 82% vs.
46%; 5-year DSS: 89% vs. 60%; 5-year PFS: 80% vs. 8%). Despite the vari-
ability in reported end points (PFS vs. OS), histotypes and categorization
of tumors as IPTs based on Scully et al. criteria [9], our survival rates ap-
pear similar to most previous studies. A 5-year OS rate of 46% for the
high-risk group is within the reported range of 43-58% for women
with IIIA-EC [19,20]. A 5-year OS rate of 82% for the low-risk group is
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Fig. 2. PFS analysis by lymph node status (a) and depth of myometrial invasion (b) in women with ENEC (Log Rank p = 0.003 and p < 0.001, respectively) (ENEC, endometrial non-

endometrioid carcinoma; PFS, progression-free survival).
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Fig. 3. a) PFS by low- and high-risk groups (Log Rank p < 0.001); b) DSS by low- and high-risk groups (Log Rank p = 0.005); c) PFS based on the original pathologists" classification of
endometrial tumors as IPTs or IIIA-EC (Log Rank p = 0.07); d) DSS based on the original pathologists™ classification of endometrial tumors as IPTs or IIIA-EC (Log Rank p = 0.15). (EEC,
endometrial endometrioid carcinoma; ENEC, endometrial non-endometrioid carcinoma; IPTs, independent primary tumors; DSS, disease-specific survival; PFS, progression-free

survival, [lIA-EC, stage IlIA endometrial carcinoma).

comparable to clinical outcomes of so-called “synchronous” tumors in
the literature [23,24]. Of note, even in the studies with the best sur-
vivals, a subset of women with IPTs can still recur or die [21,23,24], in-
dicating that equating the term “synchronous” with two FIGO stage 1
tumors does not entirely eliminate the risk of poor outcome. Therefore,
risk-based stratification represents a more robust approach for estimat-
ing clinical outcomes compared to the traditional classification.

In our retrospective cohort of 41 (55%) EECs and 33 (45%) ENECs,
only 19 cases (26%) were considered IPTs at initial diagnosis, and 70
(95%) tumors had similar morphology in both sites, in agreement with
prior studies [1,17,24-26]. Most EECs were low-grade (88%, 36/41), as
reported previously in tumors classified as IPTs [21,23,27]. In our
study, women with ENECs had poorer PFS than those with EECs, and en-
dometrial histology (EEC vs. ENEC) and lymph node status were associ-
ated with clinical outcomes in multivariable analysis. Tumor histotype

was not associated with clinical outcomes in some studies
[1,18,26,28]. However, an earlier study by Eifel et al. showed that 55%
(6/11) of women with ENECs died of disease compared to none of the
16 women with EECs [17]. In a cohort of 90 women, those with EECs
had a better 5-year survival probability than those with ENECs (0.89
vs. 0.69, p = 0.02) [6].

Analysis of 41 EECs in our study failed to identify any variables that
could separate EECs into favorable and unfavorable prognostic groups.
Zaino et al. previously showed the association between the risk of recur-
rence and higher histologic grade [1]. Even endometriosis, which was
identified in 18% of cases and represents one of the 12 features proposed
by Scully et al. and confirmed by other authors [9,23], was not helpful
for assigning a primary site. This may be related to common occurrence
of endometriosis in the ovary without a necessarily causative role in
ovarian EECs.
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Table 5
Clinicopathologic variables for the high- vs. low-risk groups (65 women included; 9
women were not classified due to lack of lymph node status data).

High-risk (n = 21) Low-risk (n = 44)

Age; median (range) 65 (46, 79) 53.5(32,89)
BMI; median (range) 28 (18,41) 27.5(18,62)
Lymph node status, n (%)

Negative 5(23.8) 34 (77.3)

Positive 16 (76.2) 10 (22.7)
Depth of myometrial invasion, n (%)

>50% 15(71.4) 15 (34.1)

None or <50% 6(28.6) 29 (65.9)
Histology endometrial, n (%)

EEC 0(0) 35 (79.5)

ENEC 21 (100) 9 (20.5)
Grade endometrial, n (%)

High? 21 (100) 13 (39.5)

Low 0(0) 31 (70.5)
Histology ovarian, n (%)

Endometrioid 2(9.5) 35(79.5)

Non-endometrioid 19 (90.5) 9 (20.5)
Lymphovascular invasion, n (%)

No 2(9.5) 12 (27.3)

Yes 19 (90.5) 32(72.7)
Peritoneal washing, n (%)

Negative 10 (47.6) 19 (43.2)

Positive 9(42.9) 11 (25)

N/A 2(9.5) 14 (31.8)
Endometriosis, n (%)

No 19 (90.5) 33 (75)

Yes 2(9.5) 11 (25)
Endometrial vs. ovarian histology, n (%)

Different 2(9.5) 2(4.5)

Similar 19 (90.5) 42 (95.5)
Progression, n (%)

No 3(14.3) 32 (72.7)

Yes 18 (85.7) 12 (27.3)

BMI, body mass index; EEC, endometrial endometrioid carcinoma; ENEC, endometrial
non-endometrioid carcinoma; N/A, not applicable.

¢ High grade endometrioid adenocarcinomas and all non-endometrioid
adenocarcinomas.

In our cohort of 33 ENECs, significant predictors of PFS were lymph
node status and depth of myometrial invasion ((HR = 3.56 95% CI,
1.3-9.74, p = 0.014; and HR = 0.22, 95% (I, 0.09-0.59, p = 0.002, re-
spectively) on multivariate analysis. The significance of lymph node sta-
tus was further confirmed by multivariate analysis comparing all EECs
and ENECs based on the depth of myometrial invasion and lymph
node status. Clinical outcomes of ENECs with negative lymph nodes
and <50% myometrial invasion were similar to all EECs irrespective of
lymph node status and depth of myometrial invasion, and median sur-
vival was not reached for this group. In contrast, ENECs with >50%
myometrial invasion had a decreased PFS irrespective of lymph node
status (median survival 12.7 months). The association between the
depth of myometrial invasion and clinical outcomes has been reported
previously. Deep myometrial invasion was associated with recurrence
or death from all histotypes of endometrial carcinoma in 77% (57/74)
of women in a study by Zaino et al. [1]. Metastatic disease including pos-
itive lymph nodes has been reported be associated with decreased sur-
vival in several studies [1,21,29].

A total of 35 (47%) women developed tumor recurrences in our co-
hort including 26% (5/19) of women originally categorized as IPTs. The
5-year OS and PFS rates were 69% and 56% for the whole cohort, and
80% vs. 54% and 82% vs. 24% for EECs vs. ENECs, respectively. Risk-
based stratification of our cases with concurrent endometrial and ovar-
ian involvement demonstrated that ENECs with >50% myometrial inva-
sion, irrespective of lymph node status, represent high-risk tumors.
Given the similar favorable clinical outcomes in our cohort, all EECs
and lymph-node negative ENECs with <50% myometrial invasion (in
the setting of concurrent endometrial and ovarian involvement) repre-
sent low-risk tumors (Fig. 4). It is possible that at least some ENECs with
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Fig. 4. A schematic diagram to illustrate risk-based stratification of carcinomas
concurrently involving the endometrium and ovary (histotype refers to endometrial
carcinomas; DMI, depth of myometrial invasion; LN+, lymph node positive).

favorable prognosis may not be non-endometrioid subtypes and could
represent MSI-high or POLE-mutated subtype of endometrioid adeno-
carcinoma [30]. Although POLE mutations can only be detected by se-
quencing, the MSI-high subtype can easily be identified by
immunohistochemical studies for DNA mismatch repair proteins. Un-
fortunately, given the archival nature of the cases in our cohort, these
additional analyses were not feasible.

In summary, our study suggests that clinical outcomes of carcinomas
concurrently involving the endometrium and ovary are strongly associ-
ated with the histotype of endometrial carcinoma, depth of myometrial
invasion and lymph node status. Carcinomas of non-endometrioid his-
tology with >50% myometrial invasion with or without positive lymph
nodes represent high-risk tumors. In contrast, endometrioid carcinomas
(irrespective of depth of myometrial invasion or lymph node status) as
well as lymph node-negative non-endometrioid carcinomas with <50%
myometrial invasion are low-risk tumors for the purposes of clinical
management. This simple risk-based stratification will allow classifica-
tion of tumors according to their likely clinical behavior and will facili-
tate optimization of their follow-up regimens. It is simple, easily
applicable, and has practical utility for pathologists and clinicians. In ad-
dition, it eliminates the need for applying imprecise clinicopathologic
criteria or expensive and resource-intensive sequencing/clonality
analyses.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno0.2018.10.033.
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