
Sun et al. BMC Women’s Health          (2022) 22:547  
https://doi.org/10.1186/s12905-022-02138-6

CASE REPORT

Adenomatoid tumors of ovary mimicking 
malignancy: report of 2 cases and literature 
review
Lili Sun1, Zehua Zhao1, Ning Qu2 and Yanmei Zhu1*   

Abstract 

Background: Adenomatoid tumors (ATs) are benign tumors originating from the mesothelium. ATs of the ovary are 
rare, and can easily be confused with malignancy due to the histomorphological diversity. Thus, it is difficult in histo-
pathological and differential diagnosis, especially during intraoperative frozen pathological diagnosis, which directly 
affects the resection scope of surgery.

Case presentation: In this study, we reported two patients (58 and 41 year old) with ovarian ATs. AT of patient 1 
occurred in both ovaries at different time points and she had been diagnosed with Hashimoto’s thyroiditis. AT of 
patient 2 occurred in right ovary. Intraoperative frozen pathological diagnosis was performed in both cases and lapa-
roscopic salpingo-oophorectomy was undergone on the lesion side according to benign freezing diagnostic result. 
Ovarian ATs, the final diagnoses of the 2 cases were concluded after histological, extensive immunohistochemical 
(IHC), histochemical, and fluorescence in situ hybridization analyses.

Conclusions: Our results show that ovarian ATs may not be related to BAP1 or CDKN2A/p16 mutations. In addition, 
the case 1 suggests that ATs may be associated with immune dysregulation. When encountering such similar lessions, 
we recommend that a series of immunohistochemical, histochemical and molecular biological techniques should be 
used for diagnosis and differential diagnosis to avoid misdiagnosis. Improving understanding of the rare ovarian ATs 
which mimic malignancy is necessary to prevent overresection.
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Background
Adenomatoid tumors (ATs) belong to a family of benign 
tumors that originate from the mesothelium [1, 2]. In 
1916, Sakaguchi first reported ATs as “adenomyoma-
toma” [3]. Initially, their histogenesis remained unclear 
until several studies identified their origin to be the mes-
othelium [1, 2, 4], which is now widely accepted.

ATs mainly occur in the male and female genital tracts, 
and rarely in extragenital regions, such as serosal mem-
brane sites (pleura, peritoneum, and pericardium), adre-
nal glands, and visceral organs [1]. In the female genital 
tract, ATs rarely appear in the ovary, but often involve the 
uterus and fallopian tube [5].

Histological growth patterns of ATs mainly include 
adenoid, angiomatoid, cystic, solid, tubular, and vari-
ous combinations of these main patterns [1, 2, 6]. Due 
to the diverse histomorphological features of ATs, the 
histopathological and differential diagnoses of ATs are 
often difficult to make. In the case of ATs in the ovaries, 
diagnosis is most especially difficult due to the few case 
reports in literature. Intraoperative frozen pathological 

Open Access

*Correspondence:  zhuyanmei@cancerhosp-ln-cmu.com

1 Department of Pathology, Cancer Hospital of Dalian University 
of Technology, Cancer Hospital of China Medical University, Liaoning Cancer 
Hospital and Institute, 44 Xiaoheyan Road, Dadong District, Shenyang 110042, 
Liaoning, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-5526-7624
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12905-022-02138-6&domain=pdf


Page 2 of 9Sun et al. BMC Women’s Health          (2022) 22:547 

diagnosis of ovarian ATs is even more challenging. Accu-
rate qualitative diagnosis will directly affect the scope of 
laparoscopic resection.

In this study, we described two cases of ATs in the ova-
ries and reviewed the literature. It will further improve 
our understanding of the histopathological, immunohis-
tochemical (IHC), and molecular genetic features of this 
rare tumor.

Methods
Immunohistochemical stain
CK, ER, PR, AR, P16, and Ki67 were performed using 
an automated system (Benchmark XT, Roche Ventana, 
Tucson, AZ, US). Other antibodies were carried out 
according to GTVision™ Kit instructions (GK600711, 
Gene Tech, Shanghai, China). Antigen extraction was 
performed for each antibody according to the manufac-
turer’s instructions. Nonspecific stain blocker was used 
to block endogenous peroxidase activity. Sections were 
incubated with each antibody and HRP enzyme-conju-
gated goat anti-mouse/rabbit IgG polymer. 3.3′-diam-
inobenzidine (DAB) was used to develop the color, then 
hematoxylin was used to counterstain.

Histochemical stain
Alcian blue and periodate Schiff’s reaction (AB-PAS) 
staining fluid (BA4121, BaSO Companh, Zhuhai, China) 
was used for histochemical stain. Sections were routinely 
dewaxed to water and washed with distilled water, dyed 
with alcian blue staining fluid (PH2.5) for 10–20  min, 
washed with water and removed excess water, oxidized 
by periodic acid solution for 10 min, rinsed with distilled 
water and removed excess water,dyed with schiff reagent 
for 10–15  min, rinsed with water and removed excess 
water, dyed the nucleus with hematoxylin solution for 
2–3 min, rinsed with water and dried excess water,finally 

sealed with neutral gum after conventional dehydration 
transparency.

FISH detection
CDKN2A/p16 (9p21) two-color fluorescence deletion 
probe kit (F.01265-01, Anbiping Company, Guang-
zhou, China) was applied for FISH. Tissue sections were 
pretreated with pure water at 88–92  °C for 30  min and 
digested with pepsin at 37  °C for 15–20  min after bak-
ing and dewaxing, then further rinsed, fixed, and dehy-
drated. 10 μL of the probe working solution was placed 
onto the tissue specimen and the edges sealed with 
rubber cement after the tissue sections naturally drie. 
Tissue sections were put in a hybridization apparatus, 
denatured at 78 °C for 5 min, and hybridized at 42 °C for 
12–18 h. Tissue sections were washed, dried and added 
10 μL 4′,6-diamidino-2-phenylindole after hybridization, 
then put at room temperature for 15  min. The BioView 
automatic scanning image analysis system (Duettm) was 
used to store and analyze the fluorescence FISH images. 
Finally, the FISH slides were stored at − 20  °C in the 
dark for future experiments. For each slide, 100 nuclei of 
tumor cells were analyzed with two observers. 0 red and 
2 green represented homozygous deletion, which were 
considered positive. When the cut-off was greater than or 
equal to 10%, the specimen was diagnosed as CDKN2A/
p16 (9p21) gene deletion.

Case presentation
Case 1
A 58-year-old woman presented with a one-month his-
tory of intense abdominal pain. Abdominal ultrasound, 
computed tomography (CT), and magnetic resonance 
imaging (MRI) all suggested the presence of a 3-cm long 
mass in the right adnexal area (Fig. 1a) and multiple uter-
ine nodules (Fig. 1b). The mass in the right adnexal area 
was cystic and solid, and had enhancement due to tumor 

Fig. 1 MRI performance. A A mass in the right adnexal area. B Multiple nodules in the uterus



Page 3 of 9Sun et al. BMC Women’s Health          (2022) 22:547  

vascularity from MRI, which suggested malignant poten-
tial. The patient had elevated levels of c-reactive protein 
(CRP, 48.75  mg/L) and thyroid-stimulating hormone 
(TSH, 6.22 uIU/mL). The plasma levels of tumor markers, 
including CA125, HE4, CA199, CA724, CEA, CA153, 
SCC, AFP, AFU, and NSE, were normal. Her medical and 
surgical history revealed that she had been diagnosed 
with Hashimoto’s thyroiditis > 30 years ago, undergone a 
minor surgery to remove a laryngeal polyp 15 year ago, 
and undergone laparoscopic left salpingo-oophorectomy 
8  years ago. She had a 30-year history of smoking 10 
cigarettes daily, but no history of alcohol consumption. 
The patient had had 11 pregnancies in her lifetime, 10 of 
which resulted in miscarriages (G11P1).

Macroscopically, the dimensions of the right ovariecto-
mized specimen were 3 cm × 3 cm × 2 cm. The specimen 
had a partial defect, which resulted from the intraopera-
tive frozen examination of the specimen. The central area 
of the specimen, which comprised normal ovarian tissue 
measuring about 2 cm × 1.5 cm × 1  cm, was tough with 
a porcelain white color. The tumor was present on the 
circumferential surface. The mass had a greyish-yellow 
color. A cut surface of the tumor revealed a mucus-con-
taining honeycomb-like structure with a soft texture.

Microscopically, the histological morphology of intra-
operative frozen pathological  and postoperative paraffin 
sections was basically the same. At low magnification, 
the tumor tissue had an interspersed distribution of mac-
rocystic, microcystic, and solid growth patterns, which 
were well-defined from normal ovarian parenchyma 
(Fig.  2a). At high magnification, the tumor tissue com-
prised multiple mutually anastomosing adenoid spaces, 
which  were lined with flat, cubic, or short columnar 
epithelioid cells with mild atypia. The cell cytoplasm 
was vacuolated, and occasionally contained basophilic 
substances. Signet-ring cells were seen locally (Fig.  2b). 
Thread-like bridging strands were present within the 
luminal spaces (Fig. 2c). Hyaline connective tissues were 
present in trace quantities. No eosinophilic cytoplasm 
and inflammatory lymphocytic infiltration were present 
in this case.

Because the patient had a history of laparoscopic left 
salpingo oophorectomy, and morphology lacked of evi-
dence of malignant tumor, such as obvious cell atypia and 
invasive growth pattern, it was considered as a benign 
lesion. Subsequently, she underwent laparoscopic hyster-
ectomy and right salpingo-oophorectomy based on intra-
operative pathological diagnosis.

The IHC analysis revealed that CK, CK7, Calretinin 
(Fig.  2d), WT-1, D2-40, L1CAM (Fig.  2e), and BAP1 
(Fig. 2f ) were fully expressed. CK5/6 and Cyclin D1 were 
focally expressed; β-catenin was fully expressed in the 
membrane. CD56 was focally expressed, and P16 was 

patchy positive. CD34 had a positive expression in ves-
sels, and Ki67 was about 3% positive. However, EMA, 
CEA, MOC-31, Ber-EP4, Vimentin, SALL4, inhibin-α, 
SF-1, CD10, CD99, S-100, SMA, MelanA, PAX-2, GATA-
3, ER, PR, AR, and CK20 were negative. AB-PAS stain-
ing revealed an AB-positive stain. Upon FISH analysis, 
CDKN2A/p16 gene deletion test was shown to be nega-
tive (Fig. 2g).

Based on the histomorphological, IHC, histochemi-
cal, and FISH detection findings, a final diagnosis of AT 
of the right ovary and multiple leiomyoma of the uterus 
was made. From her medical history, she had already 
been diagnosed with AT of the left ovary after multiple 
hospital consultations. The microscopic appearance of 
the left ovary is shown in Fig. 2h. The histomorphological 
features of both ovaries were similar. The present postop-
erative follow-up time was 13 months, and no recurrence 
or metastasis was found.

Case 2
A 41-year-old woman was found to have a mass in her 
right adnexal area during a physical examination, which 
had been gradually increasing in size for two years. Ultra-
sound and CT of the abdomen suggested the presence of 
a 3-cm long mass in the right adnexal region, which was 
also cystic and solid, and color dopper flow image (CDFI) 
from ultrasound showed increased flow signals. Plasma 
levels of tumor markers were normal. The patient had no 
prior medical or surgical history, and no history of smok-
ing or alcohol consumption.

Macroscopically, the diameter of the removal right 
ovarian mass specimen was approximately 2.5  cm. The 
specimen was partially defective due to intraoperative 
frozen sampling. The cut surface was alternately cystic 
and solid. The solid area was 1.5 cm in diameter, yellow-
ish white in color and soft in texture.

Microscopically, the tumor tissue showed multiple 
growth patterns such as large cysts, small cysts, adenoid 
and solids under low magnification (Fig. 3a). The tumor 
cells were flat, cuboidal or short columnar epithelioid 
cells with mild to moderate cellular atypia under high 
magnification. The cell cytoplasm was eosinophilic and 
occasionally vacuolated. Signet-ring cells and thread-like 
bridging strands were seen locally (Fig. 3b). There was a 
certain amount of hyaline stroma and no inflammatory 
lymphocytic infiltration. The intraoperative frozen patho-
logical diagnosis was benign lesion, and she subsequently 
underwent laparoscopic right salpingo-oophorectomy.

The IHC analysis revealed that CK, CK7, Calretinin 
(Fig.  3c), WT-1, CK5/6, D2-40, L1CAM (Fig.  3d), 
and BAP1 (Fig.  3e) were fully expressed. Cyclin D1 
and CD56 were focally positive. β-catenin was fully 
expressed in the membrane. P16 was patchy positive. 
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CD34 had a positive expression in vessels, and Ki67 
was approximately 5% positive. However, EMA, CEA, 
MOC-31, Ber-EP4, Vimentin, SALL4, inhibin-α, SF-1, 
CD10, CD99, S-100, SMA, MelanA, PAX-2, GATA-3, 

ER, PR, AR, and CK20 were negative. AB-PAS stain-
ing revealed an AB-positive stain. CDKN2A/p16 gene 
deletion was negative by FISH analysis (Fig.  3f ). The 
postoperative follow-up time was 26  months, and no 
recurrence or metastasis was found.

Fig. 2 Morphological characteristics in both bilateral ovaries (A–C: Right; H: Left), Immunohistochemical (× 200) and FISH analyses of Case 1. A 
Well-defined from ovarian parenchyma (H&E, × 50). B Vacuolated cytoplasm and Signet-ring cells (H&E, × 200). C Thread-like bridging strands 
(H&E, × 400). D Diffuse strong positive for Calretinin. E Diffuse strong positive for L1CAM. F Diffuse strong positive for BAP1. G CDKN2A/p16 gene 
deletion negative. H Adenoid, cystic and solid growth patterns (H&E, × 100)
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Discussion
ATs are benign neoplasms originating from the meso-
thelium of the female and male genital tracts in most 
cases [1]. In the female genital tract, the uterus [7] and 
fallopian tube [8] are the most common sites for ATs. 
ATs rarely occur in the ovary [5]. Few well-documented 
reports of rare cases of ovarian ATs were present in 
English literature [5, 9–12], and they have been sum-
marized in Table 1.

The tumor cells were initially proposed to originate 
from mesothelial, endothelial, mesonephric, primi-
tive Müllerian pluripotent mesenchymal, or coelomic 
epithelial cells [13, 14]. However, Masson in 1942 and 
Evans in 1943 reported the tumor cells had mesothe-
lial differentiation [15, 16]. In 1945, Golden and Ash 
proposed the descriptive term, “adenomatoid tumor” 
[17]. Subsequently, several studies confirmed the 
mesothelium as the origin of ATs using histological, 

immunophenotypic, and ultrastructural analyse [1, 2, 
4].

Recent reports indicate that ATs genetically har-
bor somatic missense mutations in the TRAF7 gene 
(encoding an E3 ubiquitin ligase belonging to the fam-
ily of tumor necrosis factor receptor-associated fac-
tors (TRAFs), which activates the NF-κB pathway and 
increases expression of L1CAM, a marker of NF-kB 
pathway activation [18, 19]. Additionally, ATs uniformly 
lack BAP1, CDKN2A, and NF2 mutations; similarly, well-
differentiated papillary mesothelial tumors lack these 
mutations. IHC demonstrates intact nuclear expression 
of BAP1 and robust membrane expression of L1CAM 
in ATs [20, 21]. Unlike in ATs, the BAP1 tumor suppres-
sor gene mutation has been defined as a frequent genetic 
alteration in mesotheliomas, and an associated loss of 
nuclear BAP1 immunostaining has been shown to be 
present in more than 80% of multiple case series [22–28].

Fig. 3 Morphological characteristics, Immunohistochemical (× 200) and FISH analyses of Case 2. A Cysts, adenoid and solids growth patterns 
(H&E, × 50). B Vacuolated cytoplasm, signet-ring cells, and thread-like bridging strands (H&E, × 200). C Diffuse strong positive for Calretinin. D Diffuse 
strong positive for L1CAM. E Diffuse strong positive for BAP1. F CDKN2A/p16 gene deletion negative



Page 6 of 9Sun et al. BMC Women’s Health          (2022) 22:547 

Ta
bl

e 
1 

C
lin

ic
op

at
ho

lo
gi

c 
fe

at
ur

es
 s

um
m

ar
ie

s 
of

 th
e 

ov
ar

y 
ad

en
om

at
oi

d 
tu

m
or

s 
in

 th
e 

lit
er

at
ur

e

+
, P

os
iti

ve
; −

, n
eg

at
iv

e;
 N

A
, n

ot
 a

va
ila

bl
e

Ca
se

 n
o.

A
ut

ho
r

A
ge

 (y
ea

rs
)

La
te

ra
lit

y
Lo

ca
tio

n
Si

ze
 (m

m
)

D
efi

ni
te

 
sy

m
pt

om
s

G
ro

ss
 e

xa
m

in
at

io
n

Ly
m

ph
oc

yt
es

 
in

fil
tr

at
io

n
A

B-
PA

S 
st

ai
n

U
ltr

a-
st

ru
ct

ur
e

IH
C

1
H

ira
ka

w
a 

et
 a

l
61

Le
ft

H
ilu

s
8 
×

 7
N

o
G

ra
y-

w
hi

te
, c

ys
tic

 a
nd

 
so

lid
Ye

s
A

B+
, P

A
S−

M
es

ot
he

lia
l-l

ik
e

C
K,

C
A

12
5,

Vi
m
+

; F
VI

II,
 

U
EA

 I,
 C

EA
, E

M
A
−

2
G

ho
ss

ai
n 

et
 a

l
69

Le
ft

N
A

40
 ×

 3
0

Ye
s

M
ul

til
oc

ul
ar

 c
ys

tic
Ye

s
N

A
N

A
C

K+
; C

D
34
−

3
Yo

un
g 

et
 a

l
23

–7
9

N
A

H
ilu

s
1

N
o

M
os

t s
ol

id
1/

3 
Ye

s
N

A
N

A
N

A

4
2

N
o

5
4

N
o

6
7

N
o

7
14

Ye
s

8
Ju

xt
ao

va
ria

n
50

N
A

9
Ph

ill
ip

s 
et

 a
l

52
Ri

gh
t

M
os

t r
ep

la
ce

d
50

N
o

W
hi

te
–y

el
lo

w
, s

ol
id

Ye
s

A
B+

, P
A

S−
N

A
A

E1
/3

, C
al

re
tin

in
, W

T-
1+

; 
C

K5
/6

 fo
ca

l+
; B

er
-E

P4
, 

C
EA

−
10

Sh
i e

t a
l

44
Ri

gh
t

A
dj

ac
en

t o
va

ria
n

8 
×

 8
 ×

 7
N

o
So

lid
Ye

s
N

A
N

A
N

A



Page 7 of 9Sun et al. BMC Women’s Health          (2022) 22:547  

Ta
bl

e 
2 

M
or

ph
op

he
no

ty
pi

c 
fe

at
ur

es
 s

um
m

ar
ie

s 
in

 d
iff

er
en

tia
l d

ia
gn

os
es

 o
f t

he
 o

va
ry

 a
de

no
m

at
oi

d 
tu

m
or

s

+
, p

os
iti

ve
; −

, n
eg

at
iv

e;
 N

S,
 n

ot
 s

pe
ci

al

Si
m

ila
r n

eo
pl

as
m

s
M

or
ph

ol
og

ic
al

 fe
at

ur
es

IH
C 

m
ar

ke
rs

H
is

to
ch

em
ic

al
 s

ta
in

M
ol

ec
ul

ar
 p

at
ho

lo
gy

A
de

no
m

at
oi

d 
tu

m
or

s
Va

rio
us

 g
ro

w
th

 p
at

te
rn

s, 
si

gn
et

 ri
ng

 a
nd

 v
ac

u-
ol

at
ed

 c
el

ls
 w

ith
 m

ild
 to

 m
od

er
at

e 
at

yp
ia

C
K,

 C
R,

 C
K5

/6
, W

T-
1,

 D
2-

40
, L

1C
A

M
, B

A
P1
+

; 
Be

r-
EP

4,
 M

O
C

31
, E

R,
 P

R 
−

A
B+

; P
A

S−
/w

ea
k+

La
ck

 B
A

P1
 m

ut
at

io
n 

an
d 

C
D

KN
2A

/p
16

 d
el

ec
tio

n

Kr
uk

en
bu

rg
 tu

m
or

s
Si

gn
et

 ri
ng

 c
el

ls
 a

nd
 v

ar
io

us
 o

th
er

 a
rc

hi
te

ct
ur

al
 

pa
tt

er
ns

 w
ith

 a
 v

ar
ia

bl
y 

co
ns

pi
cu

ou
s 

st
ro

m
al

 
co

m
po

ne
nt

C
K,

 E
M

A
+

M
uc

in
+

N
S

W
el

l-d
iff

er
en

tia
te

d 
pa

pi
l-

la
ry

 m
es

ot
he

lia
l t

um
or

s
Co

m
m

on
 p

at
te

rn
s: 

pa
pi

lla
ry

, t
ub

ul
op

ap
ill

ar
y,

 
ad

en
om

at
oi

d-
lik

e 
an

d 
br

an
ch

in
g 

co
rd

s, 
ce

lls
 

w
ith

 ra
re

 m
ito

se
s

C
K,

 C
R,

 C
K5

/6
, W

T-
1,

 D
2-

40
, L

1C
A

M
, B

A
P1
+

; 
EM

A
+

/−
; B

er
-E

P4
,M

O
C

31
,E

R,
PR

 −
N

S
La

ck
 B

A
P1

 m
ut

at
io

n 
an

d 
C

D
KN

2A
/p

16
 d

el
ec

tio
n

M
es

ot
he

lio
m

as
Co

m
m

on
 p

at
te

rn
s: 

tu
bu

la
r, 

pa
pi

lla
ry

 a
nd

 s
ol

id
, 

ce
lls

 w
ith

 m
ild

 to
 m

od
er

at
e 

nu
cl

ea
r a

ty
pi

a 
an

d 
va

ria
bl

e 
m

ito
tic

 a
ct

iv
ity

C
K,

 C
K7

, C
R,

 C
K5

/6
, W

T-
1,

 D
2-

40
+

; E
M

A
+

/−
; 

L1
C

A
M

, B
A

P1
, B

er
-E

P4
, M

O
C

31
, E

R,
 P

R−
N

S
H

ar
bo

r B
A

P1
 m

ut
at

io
n 

an
d 

C
D

KN
2A

/p
16

 d
el

ec
-

tio
n

Yo
lk

 s
ac

 tu
m

or
s

M
ul

tip
le

 p
at

te
rn

s: 
re

tic
ul

ar
/m

ic
ro

cy
st

ic
 p

at
te

rn
 

m
os

t c
om

m
on

ly
 a

nd
 e

nd
od

er
m

al
 s

in
us

 p
at

te
rn

 
(S

ch
ill

er
-D

uv
al

 b
od

ie
s)

 m
os

t s
pe

ci
fic

, c
el

ls
 w

ith
 

va
ria

bl
e 

at
yi

a

C
K,

 S
A

LL
4,

 A
FP

, G
ly

pi
ca

n-
3+

; E
M

A
, E

R,
 P

R,
 

C
D

11
7,

 O
C

T4
−

N
S

N
S

Si
gn

et
-r

in
g 

st
ro

m
al

 tu
m

or
s

Si
gn

et
 ri

ng
 c

el
ls

 w
ith

 ra
re

 m
ito

tic
 c

ou
nt

 p
re

se
nt

 
in

 fi
br

om
a 

st
ro

m
al

 b
ac

kg
ro

un
d

C
K 

fo
ca

l+
; C

R,
 C

yc
lin

D
1,

 β
-c

at
en

in
(n

uc
le

ar
), 

C
D

10
, S

F1
, S

M
A
+

; E
M

A
, i

nh
ib

in
-α
−

PA
S 
−

; M
uc

in
 −

N
S

M
ic

ro
cy

st
ic

 s
tr

om
al

 tu
m

or
s

A
 c

la
ss

ic
 tr

ia
d 

of
 m

ic
ro

cy
st

s, 
so

lid
 c

el
lu

la
r z

on
es

, 
an

d 
fib

ro
us

 s
tr

om
a,

 c
el

ls
 w

ith
 lo

w
 m

ito
tic

 
ac

tiv
ity

C
K 

fo
ca

l+
; W

T-
1,

 C
yc

lin
D

1,
 β

-c
at

en
in

 (n
uc

le
ar

 
an

d 
cy

to
pl

as
m

ic
), 

C
D

10
, S

F1
, F

O
XL

-2
 +

; E
M

A
, 

C
R,

 in
hi

bi
n-

α,
 E

R,
 P

R 
−

; A
R+

/−

N
S

N
S

W
ol

ffi
an

 tu
m

or
s

Fo
ur

 d
is

tin
ct

 p
at

te
rn

s: 
di

ffu
se

 o
r s

ol
id

, t
ub

ul
ar

, 
re

tif
or

m
 a

nd
 m

ul
tic

ys
tic

, c
el

ls
 w

ith
 lo

w
 m

ito
tic

 
co

un
t

C
K,

 V
im

, C
D

10
, A

R 
+

; E
M

A
, E

R,
 P

R 
−

/o
nl

y 
fo

ca
l 

+
; G

AT
A

-3
 −

/ 
w

ea
k 

m
ul

tif
oc

al
 +

; C
K7

, C
R,

 
W

T-
1,

 in
hi

bi
n-

α,
 F

O
XL

-2
 fo

ca
l +

; S
F-

1 
−

PA
S 
+

N
S

Ly
m

ph
an

gi
om

a
Co

ns
is

t o
f c

av
er

no
us

 o
r c

ys
tic

 d
ila

te
d 

ly
m

ph
at

-
ic

s
C

K 
−

; V
im

, C
D

34
, C

D
31

, F
VI

II,
 D

2-
40

 +
N

S
N

S



Page 8 of 9Sun et al. BMC Women’s Health          (2022) 22:547 

The diagnosis of ovarian ATs bilaterally at different 
time points is noteworthy in case 1. Her medical and 
drug histories of Hashimoto’s thyroiditis and long-term 
immunosuppressive therapy may underlie the numer-
ous miscarriages (G11P1). Some studies found that ATs 
occur in immunocompromised individuals, such as 
patients undergoing immunosuppressive therapy after 
kidney transplantation and patients with chronic hepa-
titis C virus infection [29–33]. This suggests a potential 
link between ATs and immune dysregulation [20]. ATs 
are hypothesized to be an immunosuppression-induced 
disease. Other theories propose that an immunosup-
pressed state promotes ATs development. Further stud-
ies are needed to elucidate the exact mechanism.

Uterine and fallopian tube ATs are easier to diagnose 
than ovarian ATs, because of the prominent smooth 
muscle components in the uterus and fallopian tubes. 
The diverse growth patterns, including adenoid, cystic, 
and solid patterns, as well as the presence of signet ring 
cells complicate the diagnosis of ovarian ATs, because 
many ovarian tumors have similar histological charac-
teristics. It is important to emphasize that morphol-
ogy of ovarian ATs could mimic malignancy. Therefore, 
misdiagnosis especially during intraoperative frozen 
pathological diagnosis can lead to overresection. The 
differential diagnoses of ovarian ATs are summarized in 
Table 2.

The typical histomorphologic feature of the 2 cases 
was the presence of signet-ring cells, which was neces-
sary for the differential diagnosis of Krukenburg tumors. 
Krukenburg tumor is a malignant tumor formed by the 
metastasis of signet ring cell carcinoma of the stomach to 
the ovary. Histologically, it is characterized by signet-ring 
cells, often accompanied by the growth pattern of sur-
face implantation, and it is easy to be confused with ATs. 
More obvious cellular atypia of Krukenburg tumors is the 
main diagnostic clue. In addition, the history of gastric 
cancer, elevated levels of tumor serum markers such as 
CEA, CA199, and IHC analysis may jointly contribute to 
differentiate it from ATs. Krukenburg tumors are positive 
not only for mucin staining but also for epithelial immu-
nological indicators for example, EMA, CEA, MOC-31, 
and Ber-EP4. In our cases, the epithelial biomarkers were 
all negative, and Krukenburg tumors were excluded.

In the 2 cases, the mesothelial immunological indi-
cator (Calretinin, CK5/6, WT-1, and D2-40) findings 
were positive, which was needed to make the differ-
ential diagnoses of well-differentiated papillary meso-
thelial tumor, a borderline tumor and mesothelioma, 
a malignant tumor. No papillary structure was present 
in the 2 cases, this excluded well-differentiated papil-
lary mesothelial tumors, which have a typical feature of 
exophytic papillary hyperplasia. Mesotheliomas were 

ruled out, due to the lack of architectural complexity, 
cellular atypia, stromal invasion, and genetic alteration 
incompatibility.

Yolk sac tumors, which have structural similarity with 
ATs, were also one of the tumors that need to be iden-
tified. Yolk sac tumor is a highly heterogeneous malig-
nant tumor and has a variety of histological structures. 
The present 2 cases lacked multiple patterns—especially 
Schiller-Duval bodies and remarkable cellular atypia. 
Moreover, SALL4 was negative. Yolk sac tumors could be 
excluded. Other differential diagnoses are described in 
Table 2.

Conclusions
In our study, 2 cases of ovarian ATs were presented and 
extensive literature review, histopathological, IHC, his-
tochemical stain, and FISH analyses were performed 
to improve our understanding of this rare tumor. In 
mechanism, ovarian ATs may not be related to BAP1 
or CDKN2A/p16 mutations, which are characteristic 
of most mesotheliomas. In addition, the case 1 suggests 
that ATs may be associated with immune dysregulation. 
When encountering such similar lessions, we recom-
mend that a series of immunohistochemical, histochemi-
cal and molecular biological techniques should be used 
for diagnosis and differential diagnosis. Both patholo-
gists and clinicians need to improve the understanding 
of ovarian ATs. Pathologists should avoid misdiagnosis 
as ovarian malignancy especially in intraoperative fro-
zen pathological diagnosis, and misleading clinicians to 
cause overresection. The limitation of the study is that it 
is a single-center case study with a small number of cases. 
More cases are needed to analyze its pathogenesis in the 
future.
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