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Abstract

cancer antigen (CA) 125 in endometrial carcinoma.

examined.

a particularly high medical unmet need.

Background: This study aimed to investigate the association between clinicopathologic factors, mesothelin, and

Methods: Between 1989 and 2017, patients with endometrial carcinoma who underwent total hysterectomy and
bilateral salpingo-oophorectomy at our hospital were identified. The association between either or both
immunochemical expression of mesothelin and CA125 and clinicopathological features were retrospectively

Results: Among 485 patients, 171 were positive for mesothelin, 368 were positive for CA125, and 167 were positive
for mesothelin and CA125. The expression of mesothelin and CA125 was positively correlated (p < 0.01). More
patients with mesothelin expression showed myometrial invasion of more than 50% (p =0.028) and positive
lymphovascular invasion (p =0.027). Similarly, more patients with co-expression of mesothelin and CA125 had
myometrial invasion of more than 50% (p = 0.016) and positive lymphovascular invasion (p = 0.02). Patients with
mesothelin expression and co-expression of mesothelin and CA125 demonstrated worse progression-free survival
(PFS) and overall survival (OS). In the multivariate analysis, mesothelin expression and co-expression were poor
prognostic factors for PFS (mesothelin expression: hazard ratio [HR] = 2.14, p < 0.01; co-expression: HR=2.19, p <
0.01) and OS (mesothelin expression: HR=2.18, p < 0.01; co-expression: HR =222, p < 0.01).

Conclusions: Mesothelin expression and co-expression might be associated with tumor aggressiveness and poor
prognosis in patients with endometrial carcinoma. Persons with mesothelin-expressing endometrial cancers present
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Background

The incidence of endometrial carcinoma (EC) has grad-
ually increased, and ECs is one of the major types of gy-
necologic carcinomas [1]. The standard treatments for
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EC are surgery and adjuvant therapy including chemo-
therapy and radiotherapy according to the recurrent risk
factor [2]. Due to the advances in treatment, the progno-
sis of these patients has dramatically improved, but those
with advanced disease stage of aggressive histological
subtypes such as serous carcinoma showed worse prog-
nosis [3].
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Mesothelin, a 40-kDa protein, is normally expressed in
mesothelial cells of the pleural cavity, peritoneal cavity,
and peritoneum [4, 5]. Furthermore, mesothelin has a
strong affinity to cancer antigen 125 (CA125) with N-
linked glycans [6]. Several studies reported that co-
expression of mesothelin and CA125 correlated with ag-
gressive features of tumors and poor prognosis of several
carcinomas such as ovarian carcinomas [7-16]. How-
ever, only a few studies have investigated the association
between mesothelin and CA125 expression in ECs [17-
20]. Therefore, we considered the need to study the rela-
tionship between these expressions and clinicopathologi-
cal features.

Herein, this study aimed to evaluate the correlation
between the clinicopathological factors and either the
expression of mesothelin or CA125 or co-expression of
these biomarkers in endometrial carcinoma.

Methods

Patients

Patients with endometrial carcinoma who underwent
total hysterectomy and bilateral salpingo-oophorectomy
in our hospital between 1989 and 2017 were identified.
All patients were re-evaluated pathologically according
to the 2020 World Health Organization criteria [21].
Those with grades 1, 2, and 3 endometrioid carcinoma,
serous carcinoma, clear cell carcinoma, carcinosarcoma,
and mixed carcinoma were included in this study. Pa-
tients with other histological types, complicated with
other carcinomas, and lack of either clinical information
or surgical specimens were excluded. All patients quali-
fied in the period were included. The clinicopathological
factors were obtained from the medical records.

Immunohistochemical analysis

Four-hundred and eighty-five formalin-fixed paraffin-
embedded tissues were used for tissue microarray
(TMA). All slides were stained immunohistochemically
as previously reported [20]; anti-mesothelin (clone 5B2
diluted 1:50 Leica: NCL-L-MESO) and anti-CA125
(clone M11 diluted 1:50 DAKO:M3520) antibodies were
used under the same conditions.

Immunohistochemical evaluation

The evaluation methods used were those described in
prior literature and our previous studies [10, 20]. The
expression of mesothelin and CA125 was determined by
evaluating the tumor proportion score and staining in-
tensity score. The tumor proportion score, defined as
the percentage of mesothelin- or CA125-positive cells in
carcinoma tissues, was as follows:0, no tumor cells
stained in the entire carcinoma tissue; 1+, >1 to < 10% of
cells stained in the entire carcinoma tissue; 2+, >10 to <
50% of cells stained in the entire carcinoma tissue; and
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3+, 250% of cells stained in the entire carcinoma tissue.
The staining intensity score was defined as follows: 0, no
tumor cells stained in the entire carcinoma tissue; 1+,
incomplete membrane staining and/or faint or barely
perceptible cytoplasmic staining detected; and 2+, entire
circumference of the cell membrane stained and/or
moderate to strong cytoplasmic staining. A tumor pro-
portion score of 3+ and/or a staining intensity score of
2+ was considered positive for mesothelin (Fig. 1a) or
CA125 expression (Fig. 1b). On the contrary, other cases
were considered negative for mesothelin (Fig. 1c) or
CA125 expression (Fig. 1d). Additionally, presence of
both mesothelin-positive and CA125 cells was consid-
ered as co-expression. Two observers evaluated immu-
noreactivity without prior information of clinical data. In
the interpretation of immunohistochemistry, any dis-
crepancies between 2 observers were resolved through
discussion over a multiviewer microscope.

Statistical analysis

Histological subtypes were classified into four types:
grade 1, endometrioid carcinoma; grade 2, endometrioid
carcinoma; grade 3, endometrioid carcinoma, and other
carcinomas including serous carcinoma, clear cell car-
cinoma, carcinosarcoma, and mixed carcinoma. The x>
test and Fisher’s exact test were used to confirm the cor-
relation between the clinicopathological data and
mesothelin and CA125 expression. Progression-free sur-
vival (PFS) and overall survival (OS) curves were drawn
using the Kaplan-Meier method. The differences be-
tween the survival curves were analyzed using the Cox
proportional hazard test. In the statistical analysis, all p-
values of <0.05 were considered significant. The soft-
ware JMP® 14.0 (SAS Institution Inc., Cary, NC, USA)
was used to perform all statistical analyses.

Results

The details of the tumor proportion and intensity scores
are shown in Table 1. Two-hundred and sixteen patients
(45%) showed absence of mesothelin expression. A total
of 68 (14%) patients had a tumor proportion score of 3+,
while 166 had a staining intensity score of 2+ on
mesothelin staining Among the 485 patients, 171 (35%)
were positive for mesothelin expression. Similarly, 56 pa-
tients (11%) showed absence of CA125 expression. Two
hundred seventy (56%) patients had a tumor proportion
score of 3+, while 364 (75%) had a staining intensity
score of 2+ on CA125 staining. Moreover, 368 (75%) pa-
tients showed were positive for CA 125 expression, while
167 (34%) demonstrated co-expression of mesothelin
and CA 125. The relationship between the histological
subtypes and expression is shown in Table 2. Only a few
patients had grade 1 endometrioid carcinoma and more
had other types of carcinomas in the groups with



Kakimoto et al. Diagnostic Pathology (2021) 16:28

Page 3 of 10

Fig. 1 (See legend on next page.)

.

positive mesothelin expression than in those with nega-
tive mesothelin expression (p =0.027). More patients
had grade 1 endometrioid carcinoma in groups with
positive CA125 expression than in those with negative
CA125 expression (p <0.01). In the groups with positive
co-expression, only a fewer patients had grade 1 endo-
metrioid carcinoma and more had other types of

carcinomas than in those with negative co-expression
(p=0.048). Among 171 patients with positive mesothelin
expression, 168 (98%) showed co-expression of mesothe-
lin and CA125 (p < 0.01).

First, we investigated the association between
mesothelin expression and clinical parameters. More pa-
tients in groups with positive mesothelin expression had
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Fig. 1 The expression variation of mesothelin and cancer antigen (CA) 125. a Mesothelin-positive cells in grade 1 endometrioid carcinoma. The
percentage of mesothelin-positive cells is 250% (tumor proportion score: 3+), and the entire circumference of the cancer cell membrane is
stained (intensity score: 2+4). b CA125-positive cells of gradel, endometrioid carcinoma. The percentage of CA125-positive cells is 250%
(proportion score: 34), and the cytoplasm of cancer cell is highly stained (intensity score: 2+). ¢ Mesothelin-positive cells in grade 2 endometrioid
carcinoma. The percentage of mesothelin-positive cells is 250% (tumor proportion score: 3+), and the entire circumference of the cancer cell
membrane is stained (intensity score: 2+). d CA125-positive cells of grade2, endometrioid carcinoma. The percentage of CA125-positive cells is
250% (proportion score: 34), and the cytoplasm of cancer cell is highly stained (intensity score: 2+). @ Mesothelin-positive cells in grade 3
endometrioid carcinoma. The percentage of mesothelin-positive cells is 250% (tumor proportion score: 3+), and the entire circumference of the
cancer cell membrane is stained (intensity score: 2+). f CA125-positive cells of grade3, endometrioid carcinoma. The percentage of CA125-positive
cells is 250% (proportion score: 3+), and the cytoplasm of cancer cell is highly stained (intensity score: 2+). g Mesothelin-negative cells in grade 1

endometrioid carcinoma. No staining is noted in the cancer cell's membrane. h CA125-negative cells in grade 1 endometrioid carcinoma. No
staining is noted in the cancer cell's membrane. Magnification for all slides: x 100. *HE, hematoxylin-eosin

myometrial invasion of more than 50% (p =0.028) and
positive lymphovascular invasion (p =0.027) than those
with negative mesothelin expression (Table 3). No sig-
nificant correlations were observed with the other fac-
tors. Patients with positive mesothelin expression
showed worse PFS and OS than those with negative
mesothelin expression (Fig. 2a: PFS, p < 0.01; Fig. 2b: OS,
p<0.01). Multivariate analysis showed that positive
mesothelin expression was a worse prognostic factor for
PFS (Table 4: hazard ratio [HR] = 2.14, 95% confidence
interval [CI] =1.45-3.16, p<0.01) and OS (Table 5;
HR =2.18, 95% CI =1.31-3.71, p < 0.01).

Second, we examined the relationship between CA125 ex-
pression and the clinical features. No significant associations
were noted between CA125 expression and the clinicopath-
ological factors (Table 3). In addition, PFS and OS were not
different between the two groups according to CA125 ex-
pression (Fig. 2c: PES, p = 0.97; Fig. 2d: OS, p = 0.64).

Thirdly, Analysis to compare patients without both
mesothelin and CA 125 expression with other patients
was performed. There were no statistical significances of
several clinicopathological features, PFS (p =0.83), and
OS (p =0.76) between two groups.

Finally, the relationship between mesothelin and
CA125 co-expression and clinicopathological factors was
examined. Patients in the group with positive co-
expression had myometrial invasion of more than 50%
(p=0.016) and positive lymphovascular invasion (p =
0.02) compared with those with negative co-expression
(Table 3). Patients with positive co-expression had worse

PFS (Fig. 2d: PFS, p < 0.01) and OS (Fig. 2e: OS, p <0.01)
than those with negative co-expression. Multivariate
analyses for PFS and OS demonstrated that positive co-
expression was a worse prognostic factor for PFS (Table
4: HR =2.19, 95% CI = 1.49-3.23; p < 0.01) for OS (Table
5: HR =2.22, 95% CI = 1.33-3.77, p < 0.01).

Discussion

In our study, mesothelin expression and co-expression
of mesothelin and CA125 were more often observed in
patients with other histological types — including serous
carcinoma, clear cell carcinoma, and carcinosarcoma —
mixed carcinoma, and associated deeper myometrial in-
vasion and lymphovascular invasion. Furthermore,
multivariate analysis demonstrated that mesothelin ex-
pression and co-expression of mesothelin and CA125
were independent prognostic factors.

Mesothelin expression and co-expression of mesothe-
lin and CA125 were associated with tumor aggressive-
ness in several types of carcinomas [7-15]. In
endometrial carcinoma, serous carcinoma, clear cell car-
cinoma, carcinosarcoma, and mixed carcinoma are more
aggressive histological subtypes than grade 1 and 2
endometrioid carcinoma [22-25]. In addition, the depth
of myometrial invasion and lymphovascular invasion
were the factors associated with tumor aggressiveness
and worse prognosis [26—28]. The relationships between
mesothelin expression and co-expression and clinico-
pathological features in our study were related to these
facts. Evaluating for mesothelin expression and co-

Table 1 Immunohistochemical analysis of mesothelin and CA125 expression in endometrial carcinoma

Scores of different proportions of mesothelin-positive cells

Scores of different proportions of CA125-positive cells

0 1+ 2+ 3+ 0 1+ 2+ 3+
Staining intensity score
0 216 (45%) 0 (0%) 0 (0%) 0 (0%) 56 (11%) 0 (0%) 0 (0%) 0 (0%)
+ 0 (0%) 58 (12%) 40 (8%) 5 (19) 0 (0%) 33 (79%) 28 (6%) 4 (19%)
2+ 0 (0%) 34 (7%) 69 (14%) 63 (13%) 0 (0%) 22 (49%) 76 (16%) 266 (55%)

CA125 cancer antigen 125
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Table 2 Association between histological subtypes of endometrial carcinoma and either/or co-expression of mesothelin and CA125

Histological type Mesothelin expression CA125 expression Co-expression of mesothelin and CA125
Positive  Negative p- Positive Negative p- Positive Negative p-value
(n=171) (=314 3¢ (n_368) (=117) YA (h=167) (n=318)

Grade 1 endometrioid carcinoma 65 (38%) 155 (49%) 0.027 182 (49%) 38 (32%) <001 64 (38%) 156 (49%) 0.048

Grade 2 endometrioid carcinoma 45 (26%) 63  (20%) 80 (22%) 28 (24%) 43 (26%) 65 (21%)

Grade 3 endometrioid carcinoma 20 (12%) 45  (15%) 37 (10%) 28 (24%) 20 (12%) 45 (14%)

Other carcinomas 41 (24%) 51  (16%) 69  (19%) 23 (20%) 40 (24%) 52 (16%)

Other carcinomas, carcinomas, including serous carcinoma, clear cell carcinoma, carcinosarcoma, and mixed carcinoma

Table 3 Association between pathological features and either/or co-expression of mesothelin and CA125

Parameter Mesothelin Expression CA125 Expression Co-Expression of mesothelin and CA125

Positive Negative p- Positive Negative p- Positive Negative p-value
(n=171) (n=314) value (1 368) (n=117) value (' 167) (n=318)

Age
260 99 (58%) 153 (49%) 0053 188  (51%) 64 (55%) 052 97 (58%) 155 (49%) 0.055
< 60 72 (42%) 161 (51%) 180  (49%) 53 (45%) 70 (42%) 163 (51%)

FIGO stage
I'and Il 124 (73%) 242 (77%) 027 280 (76%) 86 (74%) 062 120 (72%) 246 (77%) 0.18
lIhand IV 47 27%) 72 (23%) 88 (24%) 31 (26%) 47 (28%) 72 (23%)

Depth of myometrial invasion
21/2 71 (42%) 99 (32%) 0.028 128 (35%) 42 (36%) 082 71 (42%) 99 (31%) 0.016
<1/2 100 (58%) 215  (68%) 240  (65%) 75 (64%) 9% (58%) 219 (69%)

Lymphovascular invasion
Yes 85 (50%) 123 (39%) 0.027 156 (42%) 52 (44%) 074 84 (50%) 124 (39%) 0.02
No 86 (50%) 191 (61%) 212 (58%) 65 (56%) 83 (50%) 194 (61%)

Cervical invasion
Yes 27 (16%) 66 (21%) 0.18 71 (19%) 22 (19%) 1.0 27 (16%) 66 (21%) 0.27
No 144 (84%) 248  (79%) 297 (81%) 95 (81%) 140 (84%) 252 (79%)

Ovarian metastasis
Yes 14 (8%) 16 (5%) 0.23 24 (7%) 6 (5%) 0.66 14 (8%) 16 (5%) 0.16
No 157 (92%) 298  (95%) 344 (93%) 111 (95%) 153 (92%) 302 (95%)

Lymph node metastasis
Yes 27 (16%) 38 (12%) 035 50 (14%) 15 (13%) 093 27 (16%) 38 (12%) 0.30
No 111 (65%) 223 (71%) 254 (69%) 80 (68%) 108 (65%) 226 (71%)
Unevaluated 33 (19%) 53 (17%) 64 (17%) 22 (19%) 32 (19%) 54 (17%)

Distant metastasis
Yes 17 (10%) 22 (79%) 0.29 27 (7%) 12 (10%) 033 17 (10%) 22 (7%) 0.22
No 154 (90%) 292 (93%) 341 (93%) 105 (90%) 150 (90%) 29 (93%)

Peritoneal cytology
Yes 37 (22%) 52 (17%) 0.7 71 (19%) 18 (15%) 041 37 (22%) 52 (17%) 017
No 134 (78%) 262 (83%) 297 (81%) 99  (85%) 130 (78%) 266 (83%)

Adjuvant therapy
Yes 99 (58%) 170  (54%) 044 201 (55%) 68 (58%) 052 98 (59%) 171 (54%) 0.33
No 72 (42%) 144 (46%) 167  (45%) 49 (42%) 69 (41%) 147 (46%)

CA125 cancer antigen 125, FIGO International Federation of Obstetrics and Gynecology
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Fig. 2 Progression-free survival (PFS) and overall survival (OS) of patients according to their differences in expression of mesothelin and CA125,
and in the co-expression of both mesothelin and CA125. PFS (a) and OS (b) according to mesothelin expression, PFS (c) and OS (d) according to
CA125 expression, and PFS (e) and OS (f) co-expression of both were shown
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expression of mesothelin and CA125 might be useful for
the detection of aggressive subtypes of endometrial
carcinomas.

Our previous reports demonstrated co-expression was
associated with tumor malignancy such as lymphovascu-
lar invasion and lymph node metastasis in serous carcin-
oma [20]. In our current study, co-expression was
associated with tumor aggressiveness. Mesothelin and
co-expression might be the common important factors
to enhance malignant potential regardless of histological
subtypes.

Mesothelin  independently activate epithelial-to-
mesenchymal transition and tumor progression in some
malignant tumors [29]. Overexpression of mesothelin
alone could constitutively activate the nuclear factor-
kappa B, mitogen-activated protein kinase, and phos-
phoinositide 3-kinase intracellular pathways, promoting
cell proliferation and resistance to apoptosis [30]. Be-
sides, mesothelin-accelerated tumor progression is

accelerated by CA125 [6, 11]. In our study, almost all pa-
tients with positive mesothelin were positive for CA125
expression, which indicated that mesothelin might play
an important role in the development of ECs. Also, the
association that almost all patients with positive
mesothelin were positive for CA125 expression was ob-
served in pancreatic carcinoma [10]. There was the pos-
sibility that only CA125 positive cancer cell could
stabilize mesothelin expression and CA125-mesothelin
complex. However, because it was just a hypothesis, we
considered further study to examine the fact.

Only mesothelin expression was associated with worse
prognosis in several carcinomas [7-9, 12—15]. Moreover,
co-expression was correlated with worse prognosis in
pancreatic, ovarian, and endometrial serous carcinomas
[10, 11, 20]. On the other hand, mesothelin expression
was better prognosis factor in gastric carcinoma, ovarian
carcinoma, and mesothelioma [31-33]. Clinical signifi-
cances of mesothelin might be different among several
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Table 4 Univariate analyses and multivariate analyses for progression-free survival in patients with endometrial carcinoma about

clinicopathological features and mesothelin, CA125 expressions

Variables Univariate analysis Multivariate Multivariate
analysis for analysis for co-
mesothelin expression of
expression mesothelin and

CA125
HR (95% p- HR (95% p- HR (95% p-
cl) value cl) value cl) value

Age > 60 vs. < 60 218 (150- < 179 (1.19- < 1.79 (1.19- <

3.23) 0.01 2.72) 0.01 2.73) 0.01

Histological type Grade 2 endometrioid carcinoma vs. Grade 1 337 (195- < 201 (1.12- 0019 202 (1.12- 0018

endometrioid carcinoma 5.96) 0.01 3.67) 3.69)
Grade 3 endometrioid carcinoma vs. Grade 1 517 (2.88- < 283 (149- < 284 (150- <
endometrioid carcinoma 9.36) 0.01 542) 0.01 545) 0.01
Other carcinomas vs. Grade 1 endometrioid 892 (441- < 248 (134- < 249 (135- <
carcinoma 12.6) 0.01 4.70) 0.01 4.72) 0.01
FIGO stage IV s, LI 782 (542- < 207 (1.08- 0028 207 (1.07- 0029
11.4) 0.01 3.94) 3.93)
Depth of myometrial 21/2 vs. < 1/2 384 (66~ < 159 (099- 0054 157 (097- 0.061
invasion 5.60) 0.01 2.58) 2.55)
Lymphovascular invasion Yes vs. No 384 (262- < 194 (1.16- 001 194 (1.17- 001
5.75) 0.01 3.25) 3.25)

Cervical invasion Yes vs. No 223 (1.50- < 144 (092- 0.0 145 (092- 0.10
3.25) 0.01 2.24) 245)

Ovarian metastasis Yes vs. No 748 (468- < 121 (067- 051 121 (067- 050
11.5) 0.01 2.13) 2.14)

Lymph node metastasis Yes vs. No 564 (3.68- < 126 (0.70- 044 125 (069- 045
8.58) 0.01 2.31) 2.30)

Yes vs. Unevaluated 194 (120- < 127 (0719- 041 127 (0.70- 041
3.14) 0.01 2.31) 2.31)
Unevaluated vs. No 291 (184~ < 096 (057- 096 098 (057- 096

4.51) 0.01 1.68) 1.67)

Distant metastasis Yes vs. No 125 (8.14- < 589 (3.11- < 587 (3.10- <
18.9) 0.01 11.1) 0.01 11.1) 0.01

Peritoneal cytology Positive vs. Negative 442 (304- < 159 (098- 0058 159 (097- 006
6.38) 0.01 2.58) 2.57)

Adjuvant therapy Yes vs. No 255 (1.71- < 045 (026- < 045 (026- <
3.89) 0.01 0.78) 0.01 0.78) 0.01

Mesothelin expression Yes vs. No 274 (191- < 214 (145- <
3.94) 0.01 3.16) 0.01

CA125 expression Yes vs. No 101 (068- 092
1.56)

Co-expression of mesothelin  Yes vs. No 286 (200- < 219 (149- <

and CA125 4.12) 0.01 3.23) 0.01

Cl confidence interval, HR hazard ratio, CA125 cancer antigen 125, other carcinomas carcinomas including serous carcinoma, clear cell carcinoma, carcinosarcoma,

and mixed carcinoma, FIGO International Federation of Obstetrics and Gynecology

carcinomas. In our study, only mesothelin expression
and co-expression of mesothelin and CA125 were worse
prognostic factors in several histological subtypes of
endometrial carcinoma. Therefore, mesothelin may be a
potential candidate for a new target therapy in endomet-
rial carcinomas.

Mesothelin have been studied as a biomarker for tar-
geted therapy including antibody-based drugs, cancer
vaccine, and chimeric antigen receptor T cell therapies

in several types of solid tumors [34, 35]. In phase I study
for mesothelin targeted therapies, 2.4 mg/kg of
mesothelin-targeting antibody-based drug administered
three times a week showed safety and partial responses
in 3 of 10 (30%) patients with platinum-resistant ovarian
cancer [36]. Furthermore, the in vivo proliferation of hu-
man uterine -cancer cells with mesothelin expression
was inhibited by treatment with a mesothelin-targeting
antibody-based drug [37]. In our study, mesothelin were
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Table 5 Univariate analyses and Multivariate analyses for overall survival in patients with endometrial carcinoma about
clinicopathological features and mesothelin, CA125 expressions
Variables Univariate analysis Multivariate Multivariate
analysis for analysis for co-
mesothelin expression of
expression mesothelin and
CA125
HR (95% p- HR (95% p- HR (95% p-
cl) value cl) value cl) value
Age > 60 vs. < 60 201 (123- < 156 (091- 0.10 155 (091- 0.10
3.35) 0.01 2.70) 2.70)
Histological type Grade 2 endometrioid carcinoma vs. Grade 1 292 (136 < 146 (063- 036 147 (063- 036
endometrioid carcinoma 6.39) 0.01 342) 345)
Grade 3 endometrioid carcinoma vs. Grade 1 530 (246- < 368 (1.58- < 370 (158- <
endometrioid carcinoma 11.6) 0.01 8.78) 0.01 8.82) 0.01
Other carcinomas vs. Grade 1 endometrioid 822 (422- < 297 (134- < 299 (135- <
carcinoma 17.0) 0.01 6.87) 0.01 6.91) 0.01
FIGO stage LIV s, LI 705 (435- < 162 (064- 029 161 (064- 030
11.6) 0.01 3.98) 3.95)
Depth of myometrial 21/2 vs. <1/2 359 (222- < 147 (078 023 145 (0.77- 024
invasion 5.92) 0.01 2.80) 2.78)
Lymphovascular invasion Yes vs. no 396 (237- < 247 (125- < 246 (125- <
6.87) 0.01 4.90) 0.01 4.89) 0.01
Cervical invasion Yes vs. no 211 (1.25- < 134 (0.73- 033 134 (0.73- 033
3.46) 0.01 240) 247)
Ovarian metastasis Yes vs. no 103 (5.95- < 175 (086- 012 175 (086- 0.12
17.3) 0.01 3.57) 3.57)
Lymph node metastasis Yes vs. no 450 (247- < 115 (052- 072 115 (051- 072
8.04) 0.01 2.62) 261)
Yes vs. unevaluated 1.09 (058- 077 092 (043- 084 092 (043- 084
2.01) 1.97) 1.97)
Unevaluated vs. no 411 234- < 124 (062- 052 124 (062- 053
7.15) 0.01 244) 243)
Distant metastasis Yes vs. no 138 (814- < 547 (245- < 545 (244- <
22.8) 0.01 124) 0.01 124) 0.01
Peritoneal cytology Positive vs. negative 518 (320- < 193 (1.01- 0046 192 (1.00- 0047
8.36) 0.01 3.66) 3.65)
Adjuvant therapy Yes vs. no 200 (1.20- < 026 (012- < 026 (0.12- <
343) 0.01 0.54) 0.01 0.54) 0.01
Mesothelin expression Yes vs. no 314 (195- < 218 (131- <
5.13) 0.01 3.71) 0.01
CA125 expression Yes vs. no 139 (079- 025
2.60)
Co-expression of mesothelin  Yes vs. no 326 (203- < 222 (133- <
and CA125 533) 0.01 3.77) 0.01

Cl confidence interval, HR hazard ratio, CA125 cancer antigen 125, other carcinomas carcinomas including serous carcinoma, clear cell carcinoma, carcinosarcoma,

and mixed carcinoma, FIGO International Federation of Obstetrics and Gynecology

used to determine patients with worse prognosis. There-
fore, using mesothelin as a biomarker by immunohisto-
chemical analysis, mesothelin-targeted therapies might
be helpful in the treatment of EC.

This study has some limitations. It was performed in a
single institution and was retrospective in nature. Our
study could not include all patients during observational
periods. Among a total of 675 patients during observa-
tional periods, 130 patients without our surgical

specimen and 60 patients without clinical information
were excluded. Finally, 485 patients were included in our
study. Our study included selection bias to some extent
but minimized it because the reason of exclusion was
not our intention. Also, there were several confounding
factors associated with PFS and OS. However, in our
study, multivariate analysis was performed. In results,
mesothelin and co-expression was identified as the inde-
pendent prognostic factors. Therefore, we considered
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our study could minimized the effect of confounding
factors. However, the strength point of our study in-
cluded relatively large samples. Our study showed that
mesothelin and co-expression of mesothelin and CA125
might be important factors in EC.

Conclusions

Co-expression mesothelin and CA125 might be a better
biomarker for predicting the prognosis of EC. Only
mesothelin expression might be the better biomarker to
predict the prognosis. Further large-scale studies are
needed to confirm these findings.

Abbreviations
CA: Cancer antigen; EC: Endometrial carcinoma; OS: Overall survival;
PFS: Progression free survival; TMA: Tissue microarray; HR: Hazard ratio
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