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Abstract

Background.—Endometrial cancer arising in adenomyosis (EC-AIA) is a rare entity of 

endometrial cancer, and its clinical significance has not been well studied. This study aimed to 

examine the tumor characteristics and survival outcomes of EC-AIA.

Methods.—An exploratory analysis was performed to compare EC-AIA and historical control 

cases. For this study, EC-AIA cases were identified via a systematic literature search using 

PubMed/MEDLINE with entry keywords “endometrial cancer OR uterine cancer” AND 

“adenomyosis” (n = 46). The control group comprised consecutive non-EC-AIA cases from four 

institutions that had hysterectomy-based surgical staging (n = 1294). Patient demographics, 

pathology results, and survival outcomes were evaluated between the two groups.

Results.—The EC-AIA group was significantly older than the control group (58.9 vs. 55.3 years; 

P = 0.032). In terms of tumor characteristics, 56.5 % of the EC-AIA cases showed tumor within 

the myometrium without endometrial extension, and the EC-AIA group was significantly more 

likely to have tumors with more than 50 % myometrial invasion (51.6 vs. 26.6 %; P = 0.002) and 

serous/clear cell histology (22.2 vs. 8.2 %, P = 0.002) while less likely to express estrogen 

receptor (14.3 vs. 84.6 %; P < 0.001). Grade and stage distributions were similar (P > 0.05). In the 

univariate analysis, the EC-AIA group had a significantly poorer disease-free survival than the 

control group (5-year rate: 71.4 vs. 80.6 %; P = 0.014). In the multivariate analysis, with control 
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for age, ethnicity, histology, grade, and stage, EA-CIC remained an independent prognostic factor 

for decreased disease-free survival (adjusted hazard ratio, 3.07; 95 % confidence interval 1.55–

6.08; P = 0.001).

Conclusions.—The study suggested that endometrial cancer arising in adenomyosis may be an 

aggressive variant of endometrial cancer.

Uterine cancer is the most common type of gynecologic cancer affecting women, with an 

annual incidence of approximately 54,000 cases in the United States, which is steadily 

increasing.1 Surgery remains the mainstay of the management for endometrial cancer, and 

the surgical specimen obtained from hysterectomy is valuable for identifying histologic 

markers for prognosis.2 Adenomyosis is a common benign histopathologic finding in 

hysterectomy specimens of endometrial cancer patients, and the coexistence of these two 

conditions is variable, ranging from1 0 to 70 %.3,4 Adenomyosis is histologically defined as 

the presence of ectopic endometrial glands and stroma located deep within the surrounding 

myometrium.5 An association of adenomyosis with uterine lesions such as leiomyoma, 

endometrial hyperplasia, and endometrial cancer has been described previously.

Although many studies have reported carcinoma arising in endometriosis at extra-uterine 

sites,6,7 malignant transformation of adenomyosis is a rare occurrence, and it remains 

unknown whether this unique presentation has an impact on outcome. This uncommon form 

is histologically characterized by the transition from adenomyotic glandular epithelium to 

adenocarcinoma within the myometrium, and clearly apart from the endometrial cavity, a 

feature that often poses one of many challenges to proper diagnosis.8,9

Malignant transformation to ovarian cancer arising from endometriosis was first described in 

1910,25 and the diagnostic criteria were later modified to apply to endometrial carcinoma 

arising in adenomyosis (EC-AIA) as follows: (1) the carcinoma must not be situated in the 

endometrium or elsewhere in the pelvis, (2) the carcinoma must be seen to arise from the 

epithelium of adenomyosis and not to have invaded from another source, and (3) 

endometrial stromal cells should be surrounding the aberrant glands to support the diagnosis 

of adenomyosis.11

As an extremely rare clinical entity, EC-AIA is estimated to occur in <1 % of endometrial 

cancer cases.12 In addition, existing evidence for EC-AIA has been limited to case reports. 

For these reasons, tumor characteristics and survival outcome of EC-AIA still are poorly 

delineated. This study aimed to conduct a systematic review of the literature to examine 

oncologic patterns and outcomes of EC-AIA versus those of historical control subjects with 

endometrial cancer.

MATERIALS AND METHODS

Study Design and Eligibility

An exploratory analysis compared the case group with EC-AIA and the control group 

consisting of historical endometrial cancer cases. For the case group, a systematic literature 

search was performed using the public search engines PubMed and MEDLINE with entry 

keywords “endometrial cancer OR uterine cancer” AND “adenomyosis” in the English 
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literature (29 April 2015). Eligible cases were EC-AIA cases with adequate description of 

clinical information. Cases with cancer from other sites, sarcomas, and endometrial 

hyperplasia were excluded.

For the control group, consecutive cases with endometrial cancer that had hysterectomy-

based surgical staging from four institutions were examined. No EC-AIA case was reported 

in the control group. Institutional review board or local ethical committee approval was 

obtained in each participating institution. The STROBE guidelines were consulted for this 

case–control study. Some of the study population were within the context of our previous 

studies.4,13-17

Clinical Information

For the eligible cases, the following information was abstracted: patient demographics, 

tumor characteristics, and survival outcomes. The patient demographics included patient age 

and ethnicity. In addition, year and country of publication, menopausal status, presenting 

symptom, and use of endometrial biopsy and its results were collected for the case group. 

The tumor characteristics included histologic subtype, grade, stage, depth of myometrial 

tumor invasion, lymph node metastasis, and estrogen receptor (ER) expression. The presence 

or absence of tumor extension to the endometrial layer also was abstracted. For survival 

outcome, disease-free survival (DFS) and overall survival (OS) were collected.

Definition

Histologic subtypes were grouped into endometrioid, serous, clear cell, and other. Grade was 

grouped into low-versus high grade. Grades 1 and 2 endometrioid tumors were considered 

low-grade. Grade 3 endometrioid, serous, and clear-cell tumors were grouped as high grade.

All EC-AIA cases in which the tumor grade described was high grade without detail were 

allocated to the high-grade arm of the study. Stage was reclassified based on the most recent 

International Federation of Gynecology and Obstetrics (FIGO) system.18 Deep myometrial 

tumor invasion was defined as more than 50 % of tumor invasion into the uterine 

myometrium layer. All EC-AIA cases in which depth of myometrial tumor invasion was 

described as deep invasion without detail were allocated to the deep invasion arm. For EC-

AIA cases in which the tumor was incidentally found in a hysterectomy specimen without 

preoperative diagnosis of endometrial cancer, the tumor was considered an incidental tumor. 

DFS was defined as the interval between the date of hysterectomy and the date of the first 

recurrence or the last follow-up visit. OS was defined as the interval between the date of 

hysterectomy and the date of death due to endometrial cancer or the last follow-up visit.

Statistical Analysis

The primary aim of our analysis was to examine DFS and OS between the case and control 

groups. The secondary aim of the analysis was to examine DFS and OS in subgroups of 

women with stage I disease and endometrioid histology. Continuous variables were assessed 

for normality expressed as mean ± standard deviation or median (range). The statistical 

significance of continuous variables was assessed using Student’s t test or the Mann–

Whitney U test as appropriate. Categorical or ordinal variables were assessed for statistical 
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significance by the Chi square test or Fisher’s exact test and expressed as odds ratio (OR) 

and 95 % confidence interval (CI).

For survival analysis, a log-rank test for univariate analysis and a Cox proportional hazard 

regression model for multivariate analysis were performed. The covariates entered into the 

final model were EC-AIA (no vs. yes), age (<50, 50–59, and ≥60 years), ethnicity 

(Caucasian, African, Hispanic, or Asian), histology (endometrioid, serous, clear-cell, and 

other), grade (low vs. high grade), and stage (I, II, III, and IV). The statistical significance of 

survival analysis was expressed in terms of hazard ratio (HR) and 95 % CI. The Kaplan–

Meier method was used to construct survival curves. All analyses were two-tailed, and P 
values lower than 0.05 were considered statistically significant. The Statistical Package for 

Social Sciences (version 22.0; SPSS, Chicago, IL, USA) was used for the analysis.

RESULTS

The selection criteria for the EC-AIA group are shown in Fig. S1. With the searching 

keywords, 588 articles were initially screened for title and abstract. Of these articles, 554 

were excluded, with the remaining 34 articles assessed for eligibility. Six articles were 

further excluded due to separate foci of cancer and adenomyosis, and the remaining 28 

articles, including 46 cases of EC-AIA, met the inclusion criteria and formed the case group 

(meta-data in Table S1).8,9,12,19-43

For the control group, 1294 cases of endometrial cancer that had hysterectomy-based 

surgical staging were examined for statistical analysis (Los Angeles County Medical Center: 

n = 771; Osaka University Hospital: n = 287; Keck Medical Center of University of 

Southern California: n = 138, and Niigata University Hospital: n = 98). None of the control 

group had EC-AIA.

The patient demographics are shown in Tables 1 and 2. The EC-AIA group was significantly 

older than the control group (58.9 vs. 55.3 years; P = 0.032). More than three-fourths of the 

EC-AIA group were postmenopausal (81.4 %). The majority of the EC-AIA patients were 

Asian (56.8 %), a statistically higher proportion than in the control group (39.7 %; P < 

0.001).

The most common symptom of EC-AIA was abnormal uterine bleeding (50 %) followed by 

abdominopelvic pain (26.1 %). Seven patients (15.2 %) in the EC-AIA group were 

asymptomatic. Endometrial biopsy was performed preoperatively in 24 cases (52.2 %), of 

which 9 cases (37.5 %) had a normal/atrophic endometrium and 6 cases (25 %) had 

endometrial hyperplasia. In 16 EC-AIA cases (34.8 %), hysterectomy was performed for a 

preoperative diagnosis of endometrial cancer, and in the remaining 30 (65.2 %) cases, the 

tumor was incidentally discovered in the hysterectomy specimens.

The majority of the EC-AIA patients had the endometrioid histologic subtype (77.8 %), low-

grade tumors (68.3 %), or stage I disease (73.2 %). These proportions of grade and stage 

were similar between the EC-AIA and control groups (P > 0.05, respectively). More than 

half (56.5 %) of the tumors in the EC-AIA group were confined within the myometrial layer 

of the uterus without expansion to the endometrium. The EC-AIA group had a significantly 
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greater risk of serous/clear-cell histology (22.2 vs. 8.2 %; P = 0.002) and deep myometrial 

invasion (51.6 vs. 26.6 %; P = 0.002) than the control group. The proportion of 

lymphadenectomy was similar between the two groups (P = 0.30). The EC-AIA group had a 

higher risk of lymph nodal metastasis than the control group, but the difference did not quite 

reach statistical significance (27.3 vs. 15.6 %; P = 0.075). The tumors in the EC-AIA group 

also were less likely to express ER than the tumors in the control group (14.3 vs. 84.6 %; P 
< 0.001). No case underwent genetic mutation testing in the EC-AIA group.

Survival analysis was performed for all the cases (Tables 3, S2). The median follow-up 

period was 28.6 months. The EC-AIA group had 10 events of disease recurrence (21.7 %) 

and 6 events of death due to cancer progression (13 %). In the univariate analysis, EC-AIA 

was significantly associated with decreased DFS compared with the control group (5-year 

rates: 71.4 vs. 80.6 %; P = 0.014, Fig. 1a). In addition, older age, African ethnicity, non-

endometrioid histology, high-grade tumor, and advanced stage were associated with 

decreased DFS (P < 0.05 for all).

In the multivariate analysis, with control for age, ethnicity, histology, grade, and stage, EC-

AIA remained an independent prognostic factor associated with decreased DFS (HR, 3.07; P 
= 0.001; Table 3). Other independent prognostic factors associated with decreased DFS 

included age of 50–59 years (HR 1.96; P = 0.003), age of 60 years or older (HR 2.67; P < 

0.001), high-grade tumor (HR 1.89; P = 0.001), stage II disease (HR 2.87; P < 0.001), stage 

III disease (HR 4.73; P < 0.001), and stage IV disease (HR 15.8; P < 0.001).

When survival outcomes were compared between the EC-AIA group and high-grade tumors 

in the control group, the 5-year DFS rates were similar between the two groups (71.4 vs. 

55.7 %; P = 0.43; Fig. 1b). The 5-year OS rates were similar in the EC-AIA and control 

groups (86 vs. 88.4 %; P = 0.15).

A subgroup of cases with stage I disease was examined (Tables 4, S3). In the univariate 

analysis, EC-AIA was significantly associated with decreased DFS (5-year rates: 68.3 vs. 

92.0 %; P < 0.001; Fig. 1c). In the multivariate analysis, with control for age, ethnicity, 

histology, and grade, EC-AIA remained an independent prognostic factor associated with 

decreased DFS (HR 3.90; 95 % CI 1.46–10.4; P = 0.007). In this subgroup, EC-AIA had the 

second largest magnitude of statistical significance for decreased DFS after high-grade 

tumor (HR 4.19; P < 0.001). For OS, EC-AIA was significantly associated with a lower 5-

year OS rate than the control group in the univariate analysis (88.4 vs. 95.9 %; P = 0.009). In 

the multivariate analysis, EC-AIA did not remain an independent prognostic factor for OS in 

stage I disease (P = 0.56; Table S3). Similarly, a subgroup of cases with endometrioid 

histology was examined (Tables S4, S5). In the multivariate analysis, EC-AIA remained an 

independent prognostic factor for decreased both DFS (HR 3.82; 95 %CI 1.36–10.8; P = 

0.011) and OS (HR 4.58; 95 %CI 1.04–20.3; P = 0.045).

DISCUSSION

Adenomyosis is ectopic endometrium within the myometrium, which is essentially an 

endometriosis, and lesions of both adenomyosis and endometriosis share an identical origin 
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with respect to structure and function. Malignant transformation of endometriosis occurs in 

<1 % of cases and has been reported mainly in ovarian endometriosis.6 It also is known that 

endometriosis is a risk factor for epithelial ovarian cancer.6 Clear-cell carcinoma is reported 

to be the most common histologic subtype of endometriosis-associated ovarian cancer 

followed by low-grade serous and endometrioid carcinomas.7 Among malignancy types 

related to extra-ovarian endometriosis, however, endometrioid type was found to be the most 

common histologic subtype.6 These findings were found to be consistent with our study 

findings in that endometrioid type was the most common histologic pattern of EC-AIA.

Few studies have described the molecular mechanism of adenomyosis formation. It has been 

suggested that loss of heterozygosity in the DNA mismatch repair family (hMSH2, hMLH1, 

p16, and GALT) is associated with adenomyosis and its pathogenesis.44 However, the 

etiology of malignant transformation of adenomyosis remains unknown and seems to be 

dependent on genetic and epigenetic alterations in a multistep process.

In contrast, the mechanism for malignant transformation of endometriosis has been well 

described. A transition from endometrial epithelium of adenomyosis to the premalignant 

single-layered tumor cells and finally to carcinoma has been described previously.45 

However, the focus of the current study was on examination of the de novo carcinogenesis 

pathways involved in the malignant transformation of the ectopic endometrium.

Previous studies have described a mutation of ARID1A, a classic tumor suppressor and 

negative regulator of the cell cycle, as a possible key mechanism in the transformation of 

ectopic endometrium to malignant neoplasm.46 An ARID1A mutation is found in 

approximately 41–57 % of the clear-cell type, in 30–48 % of the endometrioid type of 

endometriosis-associated ovarian cancer, and in approximately 40 % of contiguous 

endometriosis cases, next to cancerous tissue.47,48 Findings show that ARID1A encodes 

BAF250a, a protein involved in chromatin remodeling via the multi-protein SWI-SNF 

complex. The ARID1A gene mutation has been described as an early event in precursors of 

endometriosis-associated cancers.46,49 Unlike BRCA and TP53 mutations, in which genetic 

alteration occurs in germ-line DNA, all ARID1A mutations are somatic. However, the 

mechanism by which somatic mutations in ARID1A enable the progression of benign 

endometriosis to carcinoma remains unclear.46

Findings show that the concurrent loss of BAF250a and ER expression is rare in benign 

endometriosis and more frequent in atypical endometriosis (up to 23 %) and in ovarian clear 

cell carcinoma (up to 42 %).50 A number of previous studies have suggested that loss of 

ARID1A is associated with TP53 wild-type tumors,51 and it has been noted that direct 

protein–protein interaction may occur between ARID1A and TP53.52 Another possible 

mechanism is a mutation in the PI3K/AKT pathway that has a crucial role in cell cycle 

regulation and is suggested to be an important key to be the pathogenesis of endometriosis-

associated ovarian cancer, particularly in association with loss of ARID1A.53,54

Interestingly, findings have demonstrated that ARID1A mutations lead to activation of the 

PI3K/AKT pathway in endometrial cancer, and it has been shown that PI3K/AKT can 
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activate ERα in the absence of estrogen.55,56 Whether these genetic alterations occur in EC-

AIA or not requires further investigation.

The negative prognostic impact of EC-AIA may be affected by several possibilities. The first 

reason is a possible delay in diagnosis due to the absence of a lesion in the endometrium. 

Theoretically, EC-AIA occurs within the myometrial layer of the uterus without endometrial 

involvement initially. Then, as the tumor progresses, it may expand into the endometrium, 

which then triggers symptoms and a diagnostic workup such as an endometrial biopsy. 

However, the tumor characteristics and survival outcomes of EC-AIA with or without 

endometrial expansion were found to be similar.

A second potential reason is the unique location in which EC-AIA occurs. That is, in 

contrast to endometrial cancer, which needs a mechanical process to invade through the 

anatomic barriers of the basal layer of the endometrium to reach the stroma, EC-AIA is 

already in the stromal layer with close proximity to lymphatic and vascular channels. 

Indeed, this may be causality for the risk of nodal metastasis in the EC-AIA group. A highly 

vascularized proximity to angiolymphatic structures in histologic sections of EC-AIA has 

been reported, which may be a reason for easy invasion to the lymphatic system and nodal 

metastasis.41

A limitation of the study was the relatively small sample size for EC-AIA, reflecting its 

rarity. Only 46 cases were identified during the 50 years of the study period that we 

searched. During such a long period, treatment paradigms have changed, introducing 

treatment bias. Another limitation was that this study, as a retrospective investigation, may 

have missed variables confounded for the analysis. For instance, there may be a publication 

bias for EC-AIA. A central pathology review for the historical control group to rule out EC-

AIA was not performed, although all the pathology reports were examined for the presence 

of EC-AIA.

A potential weakness of this study was that its case-control design was not a typical 

approach in that we did not match the cases with the control subjects for known prognostic 

factors as well as area and time period. Also, we were unable to ascertain what treatment the 

patients received, so we could not correct for treatment regimen in our analyses. Therefore, 

further validation is warranted to support our results. Finally, whether survival outcome of 

endometrial cancer coexisting with adenomyosis differs from that of EC-AIA remains 

unanswered in our study and merits further investigation.57

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1. 
Survival curves for disease-free survival. The Kaplan–Meier method was used to construct 

survival curves for a all cases based on endometrial cancer arising in adenomyosis (EC-

AIA), b all cases based on grade and EC-AIA, and c stage I disease based on EC-AIA. The 

log-rank test was performed for P values

Matsuo et al. Page 11

Ann Surg Oncol. Author manuscript; available in PMC 2020 September 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 12

TA
B

L
E

 1

Pa
tie

nt
 d

em
og

ra
ph

ic
s

E
C

-A
IA

 n
 (

%
)

C
on

tr
ol

 n
 (

%
)

P
 v

al
ue

N
um

be
r

46
12

94

M
ea

n 
ag

e 
(y

ea
rs

)
58

.9
 ±

 9
.9

55
.3

 ±
 1

1.
4

0.
03

2

  
<

50
7 

(1
5.

6)
38

4 
(2

9.
7)

  
50

–5
9

16
 (

35
.5

)
46

6 
(3

6.
0)

  
≥6

0
22

 (
48

.9
)

44
4 

(3
4.

3)

  
M

is
si

ng
1

0

E
th

ni
ci

ty
<

0.
00

1

  
C

au
ca

si
an

14
 (

31
.8

)
17

6 
(1

3.
6)

  
A

fr
ic

an
 A

m
er

ic
an

3 
(6

.8
)

38
 (

2.
9)

  
H

is
pa

ni
c

2 
(4

.6
)

56
6 

(4
3.

8)

  
A

si
an

25
 (

56
.8

)
51

4 
(3

9.
7)

  
M

is
si

ng
2

0

H
is

to
lo

gy
0.

00
2

  
E

nd
om

et
ri

oi
d

35
 (

77
.8

)
10

63
 (

82
.1

)

  
Se

ro
us

7 
(1

5.
5)

77
 (

6.
0)

  
C

le
ar

 c
el

l
3 

(6
.7

)
28

 (
2.

2)

  
O

th
er

0
12

6 
(9

.7
)

  
M

is
si

ng
1

0

G
ra

de
0.

16

  
L

ow
 g

ra
de

28
 (

68
.3

)
10

05
 (

77
.7

)

  
H

ig
h 

gr
ad

e
13

 (
31

.7
)

28
9 

(2
2.

3)

  
M

is
si

ng
5

0

D
ee

p 
m

yo
m

et
ri

al
 in

va
si

on
0.

00
2

  
N

o
15

 (
48

.4
)

92
3 

(7
3.

4)

  
Y

es
16

 (
51

.6
)

33
5 

(2
6.

6)

  
M

is
si

ng
15

36

St
ag

e
0.

63

  
I

30
 (

73
.2

)
92

1 
(7

1.
2)

Ann Surg Oncol. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 13

E
C

-A
IA

 n
 (

%
)

C
on

tr
ol

 n
 (

%
)

P
 v

al
ue

  
II

1 
(2

.4
)

10
0 

(7
.8

)

  
II

I
6 

(1
4.

6)
18

5 
(1

4.
3)

  
IV

4 
(9

.8
)

87
 (

6.
7)

  
M

is
si

ng
5

1

N
od

al
 m

et
as

ta
si

sa
0.

07
5

  
N

eg
at

iv
e

24
 (

72
.7

)
70

1 
(8

4.
4)

  
Po

si
tiv

e
9 

(2
7.

3)
13

0 
(1

5.
6)

  
N

ot
 p

er
fo

rm
ed

13
46

3

E
R

 e
xp

re
ss

io
n

<
0.

00
1

  
N

eg
at

iv
e

12
 (

85
.7

)
57

 (
15

.4
)

  
Po

si
tiv

e
2 

(1
4.

3)
31

3 
(8

4.
6)

  
N

ot
 e

va
lu

at
ed

32
92

4

St
ud

en
t t

 te
st

 o
r 

C
hi

 s
qu

ar
e 

w
as

 p
er

fo
rm

ed
 f

or
 P

 v
al

ue
s

E
C

-A
IA

 E
nd

om
et

ri
al

 c
an

ce
r 

ar
is

in
g 

in
 a

de
no

m
yo

si
s,

 E
R

 e
st

ro
ge

n 
re

ce
pt

or

a N
od

al
 m

et
as

ta
si

s 
fo

r 
pe

lv
ic

 a
nd

/o
r 

pa
ra

ao
rt

ic
 ly

m
ph

 n
od

es

Ann Surg Oncol. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Matsuo et al. Page 14

TABLE 2

Symptom and diagnostic test for endometrial cancer arising in adenomyosis

Number n (%) = 46

Menopause

  Yes 35 (81.4)

  No 8 (18.6)

  Missing 3

Symptom

  Abnormal uterine bleeding 23 (50.0)

  Abdominal or pelvic pain 12 (26.1)

  Other 4 (8.7)

  No symptoms 7 (15.2)

Endometrial biopsy

  Not performed 22 (47.8)

  Performed 24 (52.2)

  Normal or atrophic endometrium 9 (37.5)

  Atypical hyperplasia 6 (25.0)

  Carcinoma 9 (37.5)

Preoperative diagnosis

  Endometrial cancer 16 (34.8)

  Other 30 (65.2)
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