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H I G H L I G H T S

• Disease stage and grade are independent clinical prognostic factors in endometrioid ovarian carcinoma.
• 3-tier grading system is supported by distinct survival and gradual change of markers between grades.
• Markers of favorable outcome were PR, ER, nuclear β-catenin and vimentin positivity.
• Abnormal expression of p53, overexpression of p16 and L1CAM positivity were associated with aggressive disease.
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Objective. The role of clinicopathological factors and molecular markers in prognostic classification of
endometrioid ovarian carcinoma (EnOC) is not established. Tumor grade is used in risk assessment, but the
role of current 3-tier grading system has been challenged.

Methods. Clinicopathological factors and 12 immunohistochemical biomarkers (PR, ER, β-catenin, vimentin,
ARID1A, HNF1-β, p53, p16, MIB-1, E-cadherin, c-erb-B2 and L1CAM) were analyzed as regards patient outcome
in 215 contemporarily classified EnOCs.

Results. Of clinical parameters, grade and stage appeared as strong independent prognostic factors both for
disease-free anddisease-specific overall survival. Grades 1–3 distinguished clearly fromeachother in the survival
analysis, whereas stages I-II and stages III-IV clustered with each other. PR, ER, nuclear β-catenin and vimentin
positivity were associatedwith favorable overall outcome and clinical parameters, whereas abnormal expression
of p53, overexpression of p16 and L1CAM positivity were associated with aggressive disease characteristics and
poor survival. The frequency of good-prognosis markers PR and β-catenin gradually decreased and poor-
prognosis markers p53, p16 and L1CAM gradually increased from grade 1–3. However, vimentin and ER were
expressed at similar frequencies across different grades and presentedwith independent prognostic significance.

Conclusions.We found histological grade and disease stage, but not residual tumor, to be independent clinical
prognostic factors in EnOC. A set of good-prognosismarkers (PR, ER,β-catenin and vimentin) and poor-prognosis
markers (p53, p16 and L1CAM)were identified. Our findings support continuation of the use of the 3-tier grading
system for EnOC and provide clinically feasible IHC biomarkers for prognostic profiling.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Ovarian carcinomas are divided bymorphology into fivemain types:
high-grade serous, endometrioid, clear cell, mucinous, and low-grade
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. This is an open access article under
serous carcinomas, which differ in clinical behavior and prognosis
[1–3]. Endometrioid type is the second most common ovarian malig-
nancy accounting for 10–15% of ovarian carcinomas. Typically the prog-
nosis of endometrioid ovarian carcinoma (EnOC) is good. However, in a
significant proportion this is not the case reflecting heterogeneity of the
molecular background of the disease [4,5]. Classification of ovarian can-
cers into clinicallymeaningful subgroups is needed to better understand
the pathogenesis, estimate prognosis and tailor treatment in the era of
targeted therapy.
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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EnOC is found in association with endometriosis in about 40% of
cases [2]. Themost common genetic changes in EnOC are somaticmuta-
tions of ARID1A, CTNNB1, PIK3CA and PTEN (2,4–7). The samemolecular
changes have also been found in adjacent endometriosis [2,6,8]. This
and the often seen morphological continuum, suggest that endometri-
osis is a precursor of at least a subset of EnOC. However, the histogenesis
of high-grade EnOC is not well established. It may be found in associa-
tionwithwell/moderately differentiated areas and harbormolecular al-
terations typical to endometrioid neoplasias, suggesting evolution from
low- to high-grade carcinoma. On the other hand, high grade
endometrioid carcinomas can possess characteristics similar to high
grade serous ovarian carcinoma (particularly TP53 mutations), which
can make the differential diagnosis challenging.

As EnOC shares morphologic and molecular features with
endometrioid endometrial carcinoma, TCGA-based classification of en-
dometrial cancer has been evaluated in EnOC. However, the frequencies
of POLE-mutated (3–10% of cases) and MMR (mismatch repair) defi-
cient (8–19%) cases have been lower than in the endometrial counter-
part, and the NSMP (non-specific molecular profile) group with
variable patient outcome accounts for the majority of the cases
[4,9–11]. Individual molecular markers, e.g. estrogen and progesterone
receptor, p53, p16, L1CAM and β-catenin [9,12–19] have been studied
in EnOC but noneof themhave had an established clinical role. Recently,
a whole exome sequencing (WES) study of 112 EnOCs suggested
PRISTINE algorithm using mutations of TP53 and CTNNB1 as determi-
nants of distinct patient outcome [7].

Disease stage, size of residual tumor in surgery and patient age are
acknowledged prognostic factors in epithelial ovarian cancer overall
[20–22]. However, these conclusions were reached in studies that in-
cluded all histological types of ovarian carcinoma and their validity
has not been conclusively demonstrated as concerns less common sub-
types including EnOC.

Degree of differentiation is not used in histopathological reporting of
serous (both high- and low-grade) and clear cell carcinomas, but EnOC
is graded according to the 3-tiered (G1-G3) grading system by WHO
classification [23]. It is not known whether the grades are different en-
tities by molecular background or represent different evolutionary
stages of the same disease. Also the prognostic impact of grade (1
through 3) has remained disputed. In endometrioid endometrial carci-
noma, it has been suggested that grades 1 and 2 could be combined as
one entity [24]. In EnOC Assem et al. [25] reported similarity between
grades 2 and 3, whereas based on early-stage EnOCs Leskelä et al. sug-
gested maintaining the current 3-tier grade classification [26]. Krämer
et al. found no survival difference between grades in early-stage EnOC,
whereas including all stages the grades 1–3were prognostically distinct
[10].

Our aim was to investigate clinicopathological factors and a larger
set of immunohistochemical biomarkers as regards their ability to dis-
cern prognostically distinct subclasses of EnOC. The associations be-
tween clinical characteristics and biomarkers as well as mutual
correlations betweenbiomarkerswere analyzed. Thebiomarker profiles
in different tumor gradeswere analyzed separately to reveal similarities
or differences in their molecular background.

2. Materials and methods

2.1. Patients

Initially the study consisted of 249 patients treated for EnOC at the
Department of Obstetrics and Gynecology of the Helsinki University
Central Hospital between January 1, 1989 and December 31, 2013.
This is a tertiary hospital where the treatment of ovarian cancer is cen-
tralized. Consecutive patients treated for endometrioid ovarian carci-
noma were searched according to pathological records. The study was
approved by the Ethics Committee of the Helsinki University Hospital
and by the National Supervisory Authority of Welfare and Health. The
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clinical information of the patients was obtained from the hospital re-
cords, and additional survival informationwas collected from the Popu-
lation Register Center. This material has been described in detail in our
previous work on the role of L1CAM in EnOC [17].

All the cases of the original datasetwere reviewed by a gynecological
pathologist. All the endometrioid ovarian carcinoma samples were pure
samples. Mixed carcinomas were excluded. To reassure exclusion of se-
rous carcinomas, additional immunohistochemistry was performed
using tissue microarrays to detect WT1 expression. All WT1-positive
cases were re-reviewed by 1 fellow pathologist (J. S.-M.) and 2 gyneco-
logical pathologists (A.P., R.B.). The re-evaluationwasbased onmorpho-
logical criteria set by WHO Classification 2014. Confirmatory
endometrioid features (CEFs – squamous metaplasia, endometriotic/
adenofibromatous background, borderline component) [27,28] were
searched for especially in the absence of typical low-grade
endometrioid component or nuclear features. Expression of other im-
munohistochemical markers, such as p53, p16, vimentin, ER, PR,
ARID1A and beta-catenin were also taken into account in problematic
cases. 34 ovarian carcinomas were excluded, majority of which were
WT1+/p53abnormal high-grade ovarian carcinomas probably repre-
senting endometrioid-like high-grade serous carcinomas. Eventually
215 endometrioid carcinomas remained in the cohort.

The tumors were staged according to the year 2009 FIGO staging
system, and graded according to WHO grading system [23]. Response
to therapy was evaluated after the initial 6–8 cycles of chemotherapy
on the ground of gynecological examination, vaginal ultrasonography,
CA125 measurement, and/or computed tomography scan, or second
look laparotomy (in the late 1980s and in the beginning of the 1990s).
Patientswhodid not receive chemotherapywere evaluated 5–6months
after the primary surgery. Disease-specific overall survival (DSS) was
estimated from the date of diagnosis (primary surgery) to death from
ovarian carcinoma. Disease-free survival (DFS) was calculated for pa-
tients who had complete response following the primary treatment.
Of the 215 patients, 36 had residual disease at completion of primary
treatment and 176 had complete response. In three patients the data
of the primary response was not available. Sixty-seven patients died
fromovarian cancer and 26 patients died fromother causes. For four pa-
tients the cause of death was unknown and they were recorded as cen-
sored in the survival analyses.

2.2. Tissue microarray construction

Histologic slides were reviewed by a gynecological pathologist who
marked representative areas of each tumor on 1–2 slides. Four 0.8-mm
cores were drawn from the corresponding area of the paraffin blocks
and were inserted in the recipient TMA block with a manual tissue
microarrayer (BeecherMTA-1, Beecher Instruments) operated by an ex-
perienced laboratory technician.

2.3. Immunohistochemistry

The following monoclonal antibodies were used for immunohisto-
chemistry (IHC): ERa (SP1, Roche/Ventana), PR (16, Novocastra), p53
(DO-7, Dako), p16 (E6H4, CINtec Histology), MIB-1 (MIB-1, Dako),
Her2 (4B5, Roche/Ventana), E-cadherin (HECD-1, Invitrogen), L1CAM
(SIG-3911, Covance, clone 14.10), ARID1A (HPA005456, Sigma-
Aldrich), beta-catenin (CAT\\5H10, Zymed), HNF1b (CLO374, Atlas An-
tibodies), vimentin (V9, Dako) and WT1 (6F\\H2, Cell Marque).

Scoringwas performed by a pathologist blinded to clinical data (A.P.,
J.S.-M.). A second investigator (R.B.) examined problematic cases and a
consensus was reached.

Stainings were scored only on carcinoma cells; stromal cells and in-
flammatory cells served as internal control, when applicable. Samples
with scarce carcinoma cells or completely negative staining of the inter-
nal control were discarded.



P. Soovares, A. Pasanen, J. Similä-Maarala et al. Gynecologic Oncology 164 (2022) 187–194
ER and PR: The cut-off for ER/PR positivity i.e., >10% of the tumor nu-
clei staining with any intensity, was adopted based on breast cancer
studies and studies on endometrial carcinoma [29,30].

p53: Aberrant p53 staining (p53 abn)was defined as strong and dif-
fuse nuclear staining, completely negative (“null”) staining or cytoplas-
mic staining in carcinoma cells. Weak and heterogeneous staining was
classified as wild type expression [31].

p16: positive result was defined as strong and diffuse (>50% of cells)
nuclear and cytoplasmic staining.

MIB-1: the proportion of carcinoma cells showingnuclear staining of
any intensity was scored as for breast cancer: negative (<5%), low
(5–14%), moderate (15–29%) and strong (≥30%). In dichotomous com-
parisons, strong positivity was compared to samples withMIB-1 < 30%.

c-erb-B2: membranous staining was classified positive or negative.
Positive: tumor displays complete, intense circumferential membra-

nous staining in >10% of tumor cells (IHC 3+, strong positive) or weak
tomoderate completemembrane staining observed in>10% of invasive
tumor cells (IHC 2+).

Negative: incomplete faint membrane staining and within >10% of
invasive tumor cells (IHC 1+) or no staining observed or incomplete
faint/barely perceptible membrane staining within ≤10% of invasive
tumor cells (IHC 0).

E-cadherin: loss of E-cadherinwas defined as diffuse or clonal lack of
membranous staining; weakened or positive staining were classified
normal.

L1CAM: expression was scored as described before [17], with ≥10%
of membranous staining considered positive.

ARID1A: staining was classified negative when tumoral cells pre-
sented diffuse or clonal type loss of nuclear expression. As indicated
by a previous mutational study, heterogeneous “checkerboard” pattern
of staining and diffuse nuclear staining were considered positive [32].

β-catenin: membranous staining was considered normal; abnormal
staining was defined as focal or diffuse nuclear positivity.

HNF1-β: any quantity of nuclear staining of at least moderate inten-
sity was scored as positive.

Vimentin: any quantity of cytoplasmic staining was considered pos-
itive.

WT1: any unequivocal nuclear staining>5% of tumor cell nuclei was
considered positive.

2.4. Statistical analysis

Categorical variables were analyzed with Pearson χ2 test and Fish-
er's exact test. The disease-specific overall survival and disease-free sur-
vival was evaluated using the Kaplan-Meier method and the log rank
test was used to compare differences between groups. For multivariate
survival analysis Cox proportional hazardsmodelwas usedwith the fol-
lowing covariates significant in univariate analysis: FIGO stage (I-II vs.
III-IV), grade (1 vs. 2 vs. 3), residual tumor (presence vs. absence), pre-
operative serum CA125 level (normal <35 kU/l vs. abnormal ≥35 kU/
l), age (<59 years vs. ≥59 years (median)), PR expression (≥10% vs.
<10%), ER expression (≥10% vs. <10%), β-catenin expression (nuclear
vs. other), vimentin expression (positive vs. negative), p53 expression
(abnormal vs. normal), p16 expression (overexpression vs. other) and
L1CAM expression (positive vs. negative). Statistical significance was
set at p < 0.05. Data was analyzed using IBM SPSS version 25 software.

3. Results

3.1. The association of clinicopathological factors with survival

The distribution of different clinicopathological variables is depicted
in Table 1. Higher disease stage, higher grade, residual tumor at primary
surgery, higher patient age and higher preoperative CA125 value were
associated with shorter disease-specific overall survival (DSS)
(Table 1, Fig. 1). For disease-free survival (DFS) significant association
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with shorter survival was found for higher disease stage, higher grade
and residual tumor at primary surgery (Table 1).

Interestingly, stages I-II and stages III-IV clustered with each other
(Fig. 1A). There was no survival difference between stage I and stage II
(p=0.73), or between stage III-IV (p=0.33). However, grades 1–3 dis-
tinguished clearly from each other in the survival analysis (Fig. 1B):
grade 1 vs. grade 2 (p = 0.005) and grade 2 vs. grade 3 (p < 0.001).

When only low-stage tumors (stage I-II) were analyzed, tumor
grade was still a significant prognostic factor both for DSS
(p < 0.0001) and DFS (p < 0.0001) (S1). The poorest outcome was for
grade 3 cases; whereas, there was no significant difference between
grade 1 and grade 2 cases (p = 0.43 for DSS and p = 0.69 for DFS).

In multivariate analysis for DSS, independent prognostic factors
were stage and grade. In multivariate survival analysis for DFS, the
same factors, stage and grade, presented with independent prognostic
value (S2).

3.2. Expression of the markers and their association with survival

The frequencies of expression of the specific markers are depicted in
Table 2. PR and ER positivity, nuclear β-catenin and vimentin positivity
were associated with favorable outcome; whereas, abnormal expres-
sion of p53, overexpression of p16 and L1CAM positivity were associ-
ated with poor DSS (Table 2; Figs. 2 and 3). The same markers, except
ER and vimentin, were also associated with DFS (Table 2). Examples of
IHC stainings in a case with favorable outcome are seen in S3 and in a
case with poor outcome in S4.

When biomarkers were included in multivariate analysis for DSS,
vimentin and estrogen receptor expressionwere independent prognos-
tic factors in addition to stage and grade. In multivariate survival analy-
sis for DFS, only clinical factors, stage and grade, remained as
independent prognostic factors (S5).

Due to rarity of EnOC the time period of the tumor samples was rel-
atively long. To address the possibility of a sample age-related distortion
of the findings, we repeated the DSS survival analyses of the good- and
poor- prognosis markers by stratification according to sample age into
older and newer cohort by the median of the operation date (January
10, 2006). The associations with patient outcome were similar and sta-
tistically significant for PR (p = 0.001, p = 0.005), ER (p = 0.002, p =
0.002), β-catenin (p = 0.02, p = 0.008), p16 (p = 0.03, p = 0.02) and
L1CAM (p= 0.02, p < 0.0001) both for the older and the newer cohort
(respectively) as well as for the newer cohort of vimentin (p = 0.003)
and older cohort of p53 (p < 0.0001). For the newer cohort of p53
there was a similar tendency for the abnormal p53 group to have
worse survival, but the p-value was not significant (p = 0.23) due to
smaller sample size, shorter follow-up period and better prognosis of
the disease in both p53 abnormal and normal groups in the later period.
For vimentin, there was no association with survival in the older cohort
possibly due to degradation of tissue antigens as the proportion of cases
with positive expression of vimentin was lower in the older cohort
(53%) as comparedwith the newer cohort (71%). However, the associa-
tion of vimentin with better DSS was even stronger in the newer cohort
(p = 0.003) than in the whole cohort (p = 0.02), which confirms the
finding of vimentin being a good-prognosis marker.

3.3. Association with response after primary therapy

Of clinical factors, lower stage and presence of no residual tumor
were associated with complete response after primary treatment (sur-
gery and adjuvant chemotherapy) (p < 0.0001 and p < 0.0001, respec-
tively).

Of biomarkers, PR and ER positivity, as well as nuclear β-catenin
were associated with complete response after primary treatment
(p < 0.0001, p < 0.0001 and p = 0.008, respectively). Weaker associa-
tion was found for vimentin positivity, wild type expression of p53
and L1CAM negativity (p= 0.01, p = 0.02 and p = 0.01, respectively).



Table 1
Clinicopathological characteristics and their association with disease-specific overall survival (DSS) and disease-free survival (DFS) in patients with
endometrioid ovarian carcinoma. HR, hazard ratio.

Clinicopathological factor Number of cases Association with
DSS (p-value)

DSS
HR (95%CI)

Association with
DFS (p-value)

DFS
HR (95%CI)

Age at diagnosis
<59 years (median)
≥59 years (median)

112 (52%)
103 (48%)

0.016 1.81
(1.11–2.97)

NS 1.71
(0.93–3.15)

Histological grade
1
2
3

114 (53%)
72 (34%)
29 (13%)

<0.0001 2.53
(1.84–3.48)

<0.0001 2.68
(1.80–3.99)

Disease stage
I-II
III-IV

153 (72%)
60 (28%)

<0.0001 12.26
(7.11–21.17)

<0.0001 7.59
(4.08–14.11)

Tumor size
<5 cm
5–10 cm
>10 cm

26 (12%)
66 (31%)
121 (57%)

NS 1.16
(0.81–1.65)

NS 0.90
(0.59–1.35)

Ascites
No
Yes

81 (38%)
130 (62%)

NS 0.70
(0.42–1.19)

NS 0.88
(0.47–1.63)

Residual tumor
No
Yes

170 (81%)
40 (19%)

<0.0001 6.36
(3.83–10.55)

<0.0001 3.91
(1.86–8.20)

CA125
Normal
Elevated

43 (21%)
166 (79%)

0.018 2.51
(1.14–5.49)

NS 2.46
(0.97–6.27)

Statistically significant p-values (<0.05) and HRs are bolded.

Fig. 1. Disease-specific overall survival in endometrioid ovarian carcinoma patients according to A) stage, B) grade, C) residual tumor and D) CA125 status.
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3.4. Association of markers with clinicopathological factors

Positive expression of PR was strongly associated with lower histo-
logical grade and disease stage, absence of residual tumor at surgery
and lower age (S6). Positive expression of ER was associated with
190
absence of residual tumor at surgery, lower disease stage and absence
of ascites.

Nuclear expression of β-catenin was associated with favorable clin-
ical factors: lower histological grade and disease stage, as well as lower
age and normal serum level of CA125. Positive expression of HNF1-β



Table 2
Expression of the biomarkers and their association with disease-specific overall survival (DSS) and disease-free survival (DFS) in patients with
endometrioid ovarian carcinoma. HR, hazard ratio; NS, not significant.

Marker No of cases Association with
DSS (p-value)

DSS
HR (95%CI)

Association with
DFS (p-value)

DFS
HR (95%CI)

PR positivity 138/202 (68%) <0.0001 0.33 (0.20–0.56) 0.02 0.48 (0.25–0.91)
ER positivity 174/205 (85%) <0.0001 0.28 (0.16–0.49) NS 0.47 (0.20–1.12)
nuclear β-catenin 56/205 (27%) <0.0001 0.25 (0.11–0.57) 0.04 0.44 (0.19–0.99)
vimentin positivity 129/207 (62%) 0.02 0.56 (0.34–0.91) NS 0.69 (0.37–1.29)
ARID1A loss 34/205 (17%) NS 1.01 (0.50–2.05) NS 0.45 (0.14–1.47)
HNF1-β positivity 86/207 (42%) NS 0.96 (0.58–1.58) NS 0.92 (0.49–1.73)
E-cadherin loss 16/205 (8%) NS 1.59 (0.58–4.40) NS 1.08 0.38–3.04)
c-erb-B2 positivity 7/201 (4%) NS 1.63 (0.51–5.21) NS 1.73 (0.41–7.21)
MIB-1 ≥ 30% 75/201 (37%) NS 1.11 (0.86–1.44) NS 1.06 (0.77–1.47)
abnormal p53 65/207 (31%) <0.0001 2.36 (1.44–3.86) 0.007 2.30 (1.24–4.26)
p16 overexpression 48/205 (23%) 0.002 2.20 (1.32–3.68) <0.0001 3.34 (1.79–6.23)
L1CAM positivity 25/201 (12%) <0.0001 3.05 (1.69–5.50) 0.01 2.70 (1.18–6.16)

Fig. 2. Disease-specific overall survival in endometrioid ovarian carcinoma patients according to A) PR, B) ER, C) β-catenin and D) vimentin status.
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was also associated with lower grade and stage. However, vimentin
positivity and ARID1A loss were only associated with lower age.

Associations with aggressive disease characteristics were found for
abnormal p53 as well as overexpression of p16 and L1CAM positivity.
All of those were associated with higher histological grade and disease
stage, presence of residual tumor at surgery and higher age. Abnormal
p53 was also associated with the presence of ascites.

C-erb-B2 positivity was only associated with higher patient age.
MIB-1 and E-cadherin were not associated with any of the clinical pa-
rameters.

3.5. Associations between different markers

Markers associated with good prognosis, positive PR and ER,
β-catenin and vimentin, were positively correlated with each other.
On the other hand, markers associated with aggressive disease
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characteristics (abnormal p53, overexpression of p16 and L1CAM) pos-
itively correlatedwith each other and negatively correlatedwith PR, ER,
β-catenin, ARID1A and vimentin (S7). Abnormal p53, overexpression of
p16 and L1CAM positivity were associated with higher proliferation
index, whereas β-catenin correlated with lower proliferation index.
HNF1-β was negatively correlated with ER, vimentin and E-cadherin.

3.6. Histological grade – biomarker profiles and patient outcome

Half of the cases (53%) were grade 1, one third (33%) grade 2 and
14% of grade 3. The frequency of expression of good-prognosis markers
PR and β-catenin as well as HNF1-β decreased from grade 1 through 3,
and the frequency of poor-prognosis markers p53, p16 and L1CAM in-
creased from grade 1 through 3 (Table 3). There was no significant
change in the frequency of expression of ER, vimentin, ARID1A,
E-cadherin, c-erb-B2 and MIB-1. However, the expression of poor-



Fig. 3. Disease-specific overall survival in endometrioid ovarian carcinoma patients according to A) p53, B) p16, and C) L1CAM status.
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prognosis markers was not limited to grade 3 as for example 10% of
grade 1 tumors expressed p53 or p16. Also, good-prognosis markers
PR, ER, β-catenin and vimentin were found in a significant proportions
of grade 3 carcinomas (36%, 82%, 15% and 64%, respectively).

Higher histological grade was associated with worse DSS (Fig. 1B;
S8A) aswell as worse DFS (S8B) (p< 0.0001 for both). As some authors
have suggested the use of WT1+/p53abn as more definitive criteria of
high grade serous histology, we performed a confirmatory analysis on
the role of grade as prognostic factor by excluding all WT1+/p53abn
cases from the analysis (oneG1 tumor, eleven G2 tumors and ten G3 tu-
mors). Still thefindings remained similar: gradewas strongly associated
with DSS (S8C) as well as DFS (S8D) (p < 0.0001 for both).
4. Discussion

In the present study we evaluated clinicopathological factors and a
set of 12 immunohistochemically determined polypeptide markers in
215 contemporarily classified EnOCs treated at one institution. Grade
and stage appeared as strong independent prognostic factors both for
DFS as well as DSS. Grades from 1, 2 and 3 were clearly separated
from one another as regards outcome, whereas stages I-II and stages
III-IV clustered together and clearly separated from each other. Residual
tumor had prognostic significance only in univariate, but not in multi-
variate analysis. These findings are to some extent different from ovar-
ian cancer overall (which depicts mostly high grade serous carcinoma),
where the size of residual tumor at primary surgery has an independent
prognostic role in addition to stage [20,21]. In a recentmulticenter study
of 511 endometrioid ovarian carcinomas [10] residual tumor was found
to be of independent prognostic significance; however, similar to our
results stage was the strongest prognosticator. Also according to their
findings grade was an independent factor for survival and the grades 1
to 3 separated from each other in the whole cohort. However, in low-
stage disease they did not find any prognostic significance for grade
192
[10], whereas in our cohort grade was a significant prognostic factor in
low-stage disease as well, due to poor prognosis in grade 3 disease.

We identified a set of markers that identify patients with good out-
come and another set of markers, which clustered with poor prognosis
in EnOC. The set of markers with good outcome included positivity of
hormone receptors PR and ER, nuclear expression of β-catenin and
vimentin positivity. In contrast, a set of markers - aberrant p53, expres-
sion of p16 and L1CAM - were associated with poor outcome. The asso-
ciations of these two classes of markers with outcomewere detected in
response to primary therapy as well as in DFS and DSS. These findings
are in line with previous studies on individual markers showing prog-
nostic significance in EnOC: ER, PR and nuclear β-catenin expression
have been associated with better survival [12–14,19,33], and p53, p16
and L1CAM with shorter survival [9,10,15–17]. To our knowledge, this
is the first study to report prognostic significance of vimentin, and inde-
pendent prognostic value for ER and vimentin in EnOC. The recentWES
based study of 112 EnOCs suggested a prognostic algorithm where the
poorest outcome is found in TP53 mutated cases and the best outcome
in CTNNB1 mutated cases [7]. Our results correspond well with these
findings. Interestingly, the good prognosis of CTNNB1 mutated cases is
in contrast to findings in endometrioid endometrial cancer, where β-
catenin activation has been associated with aggressive subset of low-
grade and low-stage disease [34,35].

We found that the markers of good prognosis (PR, ER, β-catenin)
were associated overall with positive clinicopathological characteristics
such as younger age, lower histological grade and surgical stage as well
as smaller residual tumor size in primary surgery. Interestingly,
vimentinwas correlated onlywith younger age, but notwith other indi-
cators of indolent disease. On the other hand, themarkers of poor prog-
nosis (p53, p16 and L1CAM) were associated with characteristics of
aggressive disease such as higher grade and stage, larger residual
tumor volume aswell as higher age. The strongest predictors of residual
tumor at primary surgery were negative expression of ER and aberrant
expression of p53. In addition, in the present study we were able to



Table 3
Expression of the biomarkers in grade 1, grade 2 and grade 3 endometrioid ovarian carcinomas.

Marker Grade 1 Grade 2 Grade 3

Expression (%) Expression (%) Expression (%) Association of grade with
different markers (p-value)

PR positivity 83/108 (77%) 45/66 (68%) 10/28 (36%) <0.0001
ER positivity 96/107 (90%) 55/70 (79%) 23/28 (82%) 0.12
nuclear β-catenin 39/109 (36%) 13/69 (19%) 4/27 (15%) 0.01
vimentin positivity 69/109 (63%) 42/70 (60%) 18/28 (64%) 0.88
ARID1A loss 21/108 (19%) 11/69 (16%) 2/28 (7%) 0.29
HNF1-β positivity 60/109 (55%) 24/70 (34%) 2/28 (7%) <0.0001
E-cadherin loss 9/108 (8%) 5/69 (7%) 2/28 (7%) 0.96
c-erb-B2 positivity 2/104 (2%) 4/70 (6%) 1/27 (4%) 0.41
MIB-1 ≥ 30% 33/106 (31%) 30/69 (44%) 12/26 (46%) 0.16
abnormal p53 11/108 (10%) 31/71 (44%) 23/28 (82%) <0.0001
p16 overexpression 11/109 (10%) 21/68 (31%) 16/28 (57%) <0.0001
L1CAM positivity 3/104 (3%) 13/70 (19%) 9/27 (33%) <0.0001
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analyze the reciprocal associations of the markers. Two sets of markers
clustered together: the markers of good prognosis (PR, ER, β-catenin,
vimentin) correlated positively with each other and negatively with
markers of poor prognosis (p53, p16 and L1CAM), and vice versa.

Other markers included in our study (ARID1A, HNF1-β, MIB-1, E-
cadherin and c-erb-B2) did not cluster into the two described sets of
prognostic markers. Negative staining of ARID1A protein, which sug-
gests ARID1A loss regarded as an early change in the pathogenesis of
EnOC [6], was detected in 17% of the endometrioid carcinomas, which
is comparable to previous publications [15,26]. Expression of ARID1A
correlated with younger age at diagnosis, positive expression of PR,
wild type 53 and normal p16 expression, but not with other clinical fac-
tors or disease outcome.

C-erb-B2 is known to play a role in a subset of mucinous ovarian
carcinoma [2]. In our series of endometrioid carcinomas, the preva-
lence of c-erbB2 hyperexpression was low and significant clinical or
prognostic correlations were not seen. Proliferation index MIB-1
was positively correlated with the markers of poor outcome (p53,
p16, L1CAM) and negatively correlated with β-catenin. However, in-
terestingly, MIB-1 itself did not have any prognostic significance nor
clinical associations.

Ovarian endometrioid carcinoma is typically considered to be an
early-stage low-grade disease with positive hormone receptors and
mutations of ARID1A, CTNNB1, PIK3CA, PTEN and KRAS, whereas in
higher grades the proportion of cases with aberrant p53 increases
[2,4,5,7,10,13,14,25]. Our findings of clinical outcome and marker pro-
files were not dichotomous. There was a gradual decrease in the fre-
quency of good-prognosis markers PR and β-catenin as well as HNF1-
β from grade 1 through 3, and gradual increase in the frequency of
poor-prognosis markers p53, p16 and L1CAM. Expression of good-
prognosis markers was also seen in grade 3 tumors and expression of
poor-prognosismarkers in grade 1 tumors. Furthermore, the level of ex-
pression of ER and vimentin was similar irrespective of the grade. These
findings give support to the currently used 3-tier grading system for
EnOC.

The morphology based differential diagnostics of high-grade serous
and endometrioid carcinomas is challenging.WT1-protein is considered
as marker for serous differentiation and TP53mutation is known to be a
fundamental early step in the development of high-grade serous carci-
noma. Hence, WT1-positivity-p53-abnormality has been suggested to
indicate high-grade serous nature of the tumor [36]. However, some
WT1+/p53abn tumors fit better into endometrioid category by ancil-
lary tests such as mutation/aberrant expression ARID1A, β-catenin or
PIK3CA or morphological confirmatory endometrioid features
[25,27,37]. Based on these properties we had included 22 cases present-
ing with WT1+/p53abn IHC pattern in our cohort. A confirmatory sur-
vival analysis was performed by excluding these 22 cases with WT1+/
193
p53abn IHC pattern: grade was still a strong prognostic factor for DFS
and DSS, and the grades clearly separated from each other.

Altogether 31% of the cases in our cohort presented with aberrant
p53 expression, which is similar to some of the previous studies (24%–
29%; [7,9,15]), but higher than in some studies, (10–13%; [10,25,26]).
The difference is not fully explained by the use of WT1+/p53abn IHC
pattern as definitive exclusion criteria [10,25,26], because higher fre-
quency of TP53mutations (26%) was also seen in the WES study using
this criteria [7]. Inactivation of p53 is more frequently seen in high-
grade form of EnOC, but still 10% of grade 1 tumors in our cohort pre-
sented with aberrant p53 expression. The role of p53 inactivation in
EnOC is controversial: does TP53 mutation represent a late event in
tumor progression or is it an early event, like in high-grade serous car-
cinoma, taking place in a cell-type committed to endometrioid differen-
tiation. In the study of 166 early-stage endometrioid ovarian carcinomas
32% of the p53 abnormal cases presented with nuclear β-catenin posi-
tivity suggesting that CTNNB1 mutation could have been an initial
event in these tumors [11]. In the WES study of 112 EnOCs TP53 and
CTNNB1mutationswere nearlymutually exclusive, but othermutations
typical of EnOC (PTEN, ARID1A, KRAS, PIK3CA) were found in the TP53
mutated cases [7].

TP53mutation, early or late,mayultimately lead to genomic instabil-
ity and a phenotype that is difficult to discern from high-grade serous
carcinoma. Tumors with abnormal p53 may also carry homologous re-
combination deficiency (HRD), which renders them susceptible to
PARP inhibitor therapy [38]. The prevalence of HRD in contemporarily
classified EnOC is not well established. AWES study of 26 endometrioid
ovarian carcinomas identified HRD-mutational signature in 19% of cases
as compared to 59% in high grade serous carcinomas. The HRD-
positivity seemed more common in high grade tumors, but was found
in low grade endometrioid carcinoma cases as well [5]. Similarly, we
found p53 abnormality not only in grade 3 but also in grade 1 and 2
tumors.

In conclusion, tumor grade anddisease stagewere identified as inde-
pendent clinical prognostic factors associated with patient outcome in
this large cohort of contemporarily classified EnOCs. In addition to
these classical prognostic factors, biomarker clusters were found: a set
of good-prognosis markers (PR, ER, β-catenin and vimentin) and
poor-prognosis markers (p53, p16 and L1CAM). The frequency of
good-prognosis markers PR and β-catenin gradually decreased and
poor-prognosis markers p53, p16 and L1CAM gradually increased
from grade 1–3. The level of expression of vimentin and ER was similar
across different grades, and vimentin and ER proved to be independent
prognostic factors for disease-specific survival. Grades from 1 to 3 sepa-
rated clearly from each other in the survival analysis. Our findings sup-
port the current practice of 3–tier grading system for EnOC, and provide
clinically feasible IHC biomarkers for prognostic profiling.
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