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Benign Brenner tumor of the
ovary: two-dimensional and
contrast-enhanced ultrasound
features—a retrospective study
from a single center
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Xiupeng Jia4, Shengmin Zhang1* and Youfeng Xu1*

1Department of Ultrasonography, Ningbo First Hospital, Ningbo, Zhejiang, China, 2Department of
Ultrasound, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang, China,
3Department of Gynecology, Ningbo First Hospital, Ningbo, Zhejiang, China, 4Department of
Histology, Ningbo First Hospital, Ningbo, Zhejiang, China
Objective: Benign Brenner tumor (BBT) is a rare ovarian tumor, and there are few

discrete reports about its manifestation in an ultrasound. This study sought to

investigate the two-dimensional (2D) and contrast-enhanced ultrasound (CEUS)

features of this entity.

Methods: This is a retrospective single-center study. The clinical manifestations,

laboratory examination, and ultrasound data of 25 female patients with BBT were

confirmed by pathology when they underwent 2D and/or CEUS examination at

Ningbo First Hospital from January 2012 to June 2023. The ultrasound findings of

the patients were analyzed using the terminology of the International

Organization for the Analysis of Ovarian Tumor and were read by two senior

sonographers who reached an agreement.

Results: Among the all 25 patients, most of them were unilateral, and only one

patient was bilateral. Thus, 26 lesions were found: 44.0% (11/25) were in the left

and 52.0% (13/25) were in the right. Moreover, 53.84% (14/26) were solid lesions,

15.38% (4/26) were mixed lesions, and 26.92% (7/26) were cystic lesions. Among

the solid-type patients, 42.85% (6/14) of the cases were with calcification. Upon

laboratory examination, 12.0% (3/25) of the patients had high carbohydrate

antigen 125 (CA-125) level, and 19.04% (4/21) of the patients had an elevated

carbohydrate antigen724 (CA-724) level in the serum tumor markers. In the

hormone test, 14.28% (3/21) were found to have a high postmenopausal estrogen

level and 14.28%(3/21) were found to have a high level of follicle-stimulating

hormone (FSH). One patient with complex manifestations and three with solid

manifestations were examined by CEUS to observe the microcirculation

perfusion of the tumor. One with solid and cystic separation was rapidly

hyperenhanced and cleared, and the filling subsided faster than the uterus. The

postoperative pathological diagnosis was benign Brenner tumor with mucinous

cystadenoma. The other three cases were solid adnexal lesions, which showed

isoenhancement on CEUS and disappeared slowly, synchronizing with the

uterus. The CEUS results were considered as benign tumors and confirmed

by pathology.
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Conclusions: BBT can show ovarian cystic, mixed cystic and solid type, and solid

echo in 2D ultrasound. Unilateral ovarian fibrosis with punctate calcification is an

important feature of BBT in 2D ultrasound. However, for solid adnexal masses

and mixed cystic and solid masses with unclear diagnosis, if CEUS shows

isoenhancement or hyperenhancement, the possibility of BBT cannot

be excluded.
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Introduction

MacNaughton-Jones was the first to report on Brenner tumors

(BT) in 1898, and then Fritz Brenner described the tumor that bears

his name in 1907 (1). It is a rare ovarian tumor derived from the

transitional epithelium of the urinary tract and accounts for

approximately 2%–3% of epithelial tumors in the ovary (2).

Ovarian transitional cell tumor has been replaced by BT

according to the latest classification of ovarian cancer by the

World Health Organization (3). BT has three subtypes: benign

Brenner tumor (BBT), which is by far the most common;

borderline, also known as dysplastic BT; and malignant.

Borderline and malignant BTs are extremely rare, accounting for

less than 10% of BTs (4), and tend to occur in older patients (5).

Most of the benign tumors are between 5 and 6 cm in diameter, and

a few cases are more than 10 cm (6). Borderline and malignant BTs

can reach a maximum diameter of 30 cm (7). Most patients are

asymptomatic, but some may experience abdominal pain, vaginal

bleeding due to estrogen activity, urinary retention, ascites, or

pseudo-Meigs syndrome (8). BTs can occur at any age, but

mostly at the ages of 50–70 years, and are often detected

incidentally during routine physical and/or ultrasound

examination (9). Preoperative ultrasound examination is very

important for the treatment and differentiation of benign and

malignant ovarian lesions. However, although the International

Ovarian Tumor Analysis (IOTA) group has established the

imaging criteria for ovarian cancer identification, the ultrasound

appearance of BT overlaps with the appearance of a typical ovarian

cancer, leading to image bias (10, 11). BTs are usually reported in

individual cases. Some previous case reports have mentioned that

the presence of calcification within the lesion is the imaging feature

of this tumor (12). An accurate understanding of the ultrasound

images of BBT before a surgery can reduce the patients’ fear of

ovarian cancer diagnosis, and appropriate surgical methods can

prevent overtreatment. To date, the integrated ultrasound

characteristics of BTs are still lacking. Thus, this study
r; BBT, benign Brenner

t-enhanced ultrasound.
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retrospectively analyzed the clinical data and ultrasound findings

of 25 patients with BBT and explored the ultrasound features of this

entity to provide evidence for clinical diagnosis and treatment.
Materials and methods

Study population

This was a retrospective study conducted in a single center, namely,

Ningbo First Hospital. Ethical approval for this study was obtained, and

all the patients provided a written informed consent. A computerized

search of the pathology records of this institution from January 2012 to

June 2023 was performed. This resulted in the identification of 26

patients with a histological diagnosis of BBT. A second search was then

conducted on the image archive and communication system to identify

patients who underwent 2D and/or contrast-enhanced ultrasound

(CEUS) examination before surgery. One was excluded due to the

presence of the lesion at imaging the actual vagina, which was

diagnosed as BBT by colposcopy. Therefore, a total of 25 patients

were identified, and one of them had bilateral lesions. Finally, all the 25

patients with 26 lesions had 2D examination data, and four of them

had the results of 2D and CEUS.
Materials

A retrospective analysis was conducted on 25 patients with

pathologically confirmed BBT and in whom 2D and/or CEUS

examinations were performed in our hospital from January 2012 to

June 2023. The patients aged from 32 to 77 years, with an average age

of 61.37 ± 9.67 years. The clinical data included age at diagnosis, pre- or

postmenopausal status, symptoms, presence of ascites, and the clinical

stage [the IOTA consensus as described by Timmerman et al. (11)].

Laboratory examination such as the level of carbohydrate

antigen 125 (CA-125), carbohydrate antigen 199 (CA-199),

carbohydrate antigen 153 (CA-153), carbohydrate antigen 724

(CA-724), alpha-fetoprotein (AFP), estrogen levels (E2), follicle-

stimulating hormone (FSH), and prolactin (PRL) in the blood,

symptoms, and presence of ascites were according to the IOTA
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consensus described by Timmerman et al. (11). The clinical data,

laboratory examination, and 2D ultrasound image of the 25 patients

with 26 lesions as well as the CEUS image of four patients were

analyzed. The type of surgery (laparotomy or laparoscopy) and the

extent of surgical resection, such as unilateral oophorectomy or

more extensive total hysterectomy, or even bilateral salpingo-

oophorectomy, were recorded and analyzed. The postoperative

pathology of each patient was also recorded in detail. The clinical

and ultrasound data were imported into Excel (Microsoft Office

Excel 2010) and then analyzed. All patients signed the informed

consent form, and the study was approved by the Medical Ethics

Committee of Ningbo First Hospital (no. 2023RS125).
Sonographic examination

GE E8, PHILIPS iU22, TOSHIBA Aplio500, and other Color

Doppler ultrasound diagnostic instruments were used. For a

comprehensive evaluation, transvaginal probe frequency of 5–9

MHz, transabdominal probe frequency of 3.5–5.0MHz, routine

transvaginal scanning, and partial transabdominal ultrasonography

were adopted. A comprehensive analysis was conducted according to

the tumor’s size, boundary, shape, location, internal echo, and blood

flow as well as the presence of calcification, fibroids, polyps, and

thoracoabdominal effusion. The ultrasound contrast agent in this study

was SonoVue (Bracco, Milan, Italy). A 2.4-mL bolus of SonoVue was

injected intravenously through the cubital vein, followed by a 5-mL

saline flush to ensure that no residual contrast agent remained in the

intravenous catheter. Imaging started immediately after injection and

lasted for 2 to 4 min. The pathological diagnosis was the gold standard.
Statistical method

SPSS 24.0 for Windows (SPSS, Chicago, IL, USA) was used for

statistical analysis and chart drawing. Qualitative variables are

represented using absolute values and percentages, and continuous

variables are represented using mean ± standard deviation (SD).

Results

Clinical history

There were 26 nodules in 25 patients, of which one had bilateral

nodules and the rest had unilateral nodules. Of the 25 patients, 52.0%

(13/25) had BT in the right ovary and 44.0% (11/25) in the left ovary;

36.0% (9/25) showed symptoms of abdominal pain, abdominal

distension, and vaginal bleeding; 64.0% (16/25) showed no

symptoms and had normal physical examination results; 8.0% (2/25)

had normal menstruation; and 92.0% (23/25) were menopausal.
Laboratory examination

In the tumor marker test, 12.0% (3/25) of the patients had a

high CA-125 level, which was 69.6 U/mL, with the normal level
Frontiers in Oncology 03
being 30 U/mL. Furthermore, 19.04% (4/21) of the patients had an

elevated CA-724 level, which was 12.02 U/mL, with the normal level

being 7 U/mL. Moreover, 4% (1/25) of the patients had a high CA-

199 level, which was 29.9 U/mL, with the normal level being 25 U/

mL. No obvious abnormality was observed in CA-153, alpha-

fetoprotein (AFP), carcinoembryonic antigen (CEA), human

chorionic gonadotropin (HCG), and CA-153 in the remaining

patients who underwent the test in blood. Of the 25 patients, 21

underwent reproductive hormone examination, of whom 14.28%

(3/21) were found to have a high postmenopausal estrogen level,

14.28% (3/21) were found to have a high FSH level, and 4.76% (1/

21) were found to have a high PRL level. No obvious abnormality

was observed in LH, P, and T of 21 patients who underwent

hormone examination (Table 1).
Ultrasound characteristics

Only one patient was pathologically confirmed to have bilateral

BBTs, and 96%(24/25) of patients were pathologically confirmed to

have unilateral BBTs with the following ultrasound characteristics:

(1) site: left in 44.0% (11/25), right in 52.0% (13/25); (2) size

(diameter of the lesion): 1.7–16.0 cm; (3) shape and boundary:

round, quasi-round, or irregular, with clear boundaries; (4) internal

echo and blood flow: cystic lesions in 30.76% (8/26), mixed cystic

and solid lesions in 15.38% (4/26), and solid lesions in 53.84% (14/

26). Among the eight cases of cystic lesions, three (37.5%) were

unilocular with thin walls (Figure 1A). Thin hyperechoic septa were

detected in two (Figure 1B). Through color Doppler flow imaging

(CDFI), blood flow distribution was observed in the cyst wall.

Furthermore, 53.84% (14/26) of the lesions were mixed cystic and

solid type (Figure 2A). The lesions were large, with light spots, and

had a maximum diameter of 5.0–16.0 cm. Multiple thick hyperechoic

separate and moderate echo protrusions, with irregular shapes, were

also observed in these cystic lesions (Figure 3A). Through CDFI, rich

blood flow was detected in the protrusions and solid part (Figures 2B,

C, 3B), and PW demonstrated a low resistant index (Figure 2D). In

addition, 38.46% (14/26) of the lesions were solid, with a maximum

diameter of 1.7-4.5 cm (Figures 3D, E). Calcification of different sizes

could be seen in six among 14 lesions, which could be unilateral or

multiple (Figure 4A). Through CDFI, few blood flow signals were

observed in the hypoechoic part of the lesion (Figure 4B); (5)

abdominal effusion: 4.0% (1/25) of the patients had abdominal

effusion, which was myxoid cystadenoma with BT; (6) complicated

uterine fibroids: 25.0% (2/8) of the patients had cystic lesions, 25.0%

(1/4) of the patients had mixed cystic and solid lesions, and 46.15%

(6/13) of patients had solid lesions, which complicated with uterine

fibroids, as confirmed by pathology; (7) intrauterine polyps: 14.29%

(1/7) of cystic type, 50.0% (2/4) of capsule solid mixed type, and

30.77% (4/13) of solid type were pathologically confirmed to be the

types of endometrial polyps present (Table 2); (8) CEUS features:

CEUS examination was performed in four of the patients. One

patient had mixed cystic and solid lesion, with the contrast agent

infusing at 15 s in solid part after the injection. The contrast agent

filling was highly enhanced in the separated and solid parts and then

slowly washed out (Figure 3C), which was confirmed by pathology as
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myxoid cystadenoma complicated with BT (Figures 5C, D). The

others three were the solid type, which were confirmed by

histopathological examination as pure BBT (Figures 5A, B). After

injection of the contrast agent, the solid lesion in the left adnexal area

began to infuse at 24 s, presenting equal enhancement. After reaching

the peak value at 42 s, it simultaneously cleared with the

uterus (Figure 3F).
Pathological characteristics

A total of 25 patients underwent surgery, with 26 ovarian

lesions removed. Among them, 72.0% (18/25) were treated with

total laparoscopic hysterectomy and 24.0% (6/25) with salpingo-

oophorectomy laparoscopy. Only one patient was treated with total

abdominal hysterectomy for the huge volume of the tumor. After

the surgery, it was confirmed by pathology that 18 cases were pure

BBT, three cases were BBT combined with mucinous cystadenoma,

and the remaining four cases were BBT combined with serous

cystadenoma (Figure 5E), seromucinous tumor, ovarian fibroma,

and endometrioid cyst, respectively.
Discussion

BTs are derived from the germinal epithelium with multiple

differentiation potentials on the surface of the ovary, also known as

ovarian fibro epithelial tumors (12). They are mainly composed of

special nests of epithelial cells and tightly arranged spindle cells or

fibrous connective tissues surrounding the epithelial cells (12). BT

can occur at any age but is more common in people older than 50

years. It occurs unilaterally more than bilaterally (13). Its clinical

symptoms are non-specific, including non-specific abdominal

distension, abdominal pain, mass, and irregular vaginal bleeding

in some postmenopausal women (8). Some BTs are detected

incidentally during routine examinations. This study included 25

patients, of whom 23 (92.0%) were postmenopausal, six (24%) had

lower abdominal pain and discomfort, and three (12%) had vaginal

bleeding; the remaining patients had normal physical examination

results. The cause of vaginal bleeding in BT patients was the

differentiation of epithelial cells with multi-directional

differentiation potential into tissue components with hormone

secretion function based on cytology (12). Therefore, some

juvenile patients experience estrogen-related symptoms, such as

early menstruation, breast development, genital development, and

sexual precocity. In adults, the most obvious symptoms are

functional uterine bleeding, amenorrhea, irregular vaginal

bleeding following menopause, endometrial hyperplasia, and

presence of endometrial polyps and uterine fibroids. In this study,

19 patients underwent sex hormone examination, of whom two

were found to have elevated estrogen levels. Of the 25 patients

included in this study, seven had polyps, including one with cervical

polyps and nine with uterine fibroids.

BT is a rare ovarian epithelial tumor with a low incidence (4). It

can be classified into benign, borderline, and malignant, of which
TABLE 1 Clinical characteristics and surgical management of the 25
patients with benign Brenner tumor (BBT).

Parameters BBT patients (n
= 25)

Age at surgery (years) 63 (32–77)

Serum CA125 level (U/
mL)
Reference range(0–30)

<30 88.0% (22/25)

>30 12.0% (3/25)

Serum CA-724 level (U/
mL)
Reference range (0–7)

<7 80.95% (17/21)

>7 19.04% (4/21)

Serum CA-153 level (U/
mL)
Reference range (0–25)

<25 100% (23/23)

>25

AFP level (ng/mL)
Reference range (0–25)

<25 100% (25/25)

>25

CEA level (U/mL)
Reference range (0–10)

<10 100% (25/25)

>10

Serum CA-199 level (U/
mL)
Reference range (0–25)

<37 95.23% (20/21)

>37 4.76% (1/21)

Estrogen levels (IU/L)
Normal 90.47% (19/21)

Abnormal 9.53% (2/21)

Follicle-stimulating
hormone (FSH)

Normal 90.47% (19/21)

Abnormal 9.53% (2/21)

Prolactin (PRL)
Normal 95.0% (19/20)

Abnormal 5.0% (1/20)

Menstruation
Premenopausal 8.0% (2/25)

Postmenopausal 92.0% (23/25)

Symptomatology
Asymptomatic 64.0% (16/25)

Pelvic pain 36.0% (9/25)

Surgery Salpingo-
oophorectomy laparoscopy

24.0% (6/25)

Total
laparoscopic hysterectomy

72.0% (18/25)

Total
abdominal hysterectomy

4.0% (1/25)

Pathology Pure Brenner 72.0% (18/25)

Brenner +
mucinous cystadenoma

12.0% (3/25)

Brenner +
serous cystadenoma

4.0% (1/25)

Brenner +
seromucinous
cystadenoma

4.0% (1/25)

Brenner + ovarian fibroma 4.0% (1/25)

Brenner +
endometrioid cyst

4.0% (1/25)
Values are expressed as median (range) or n (%).
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approximately 90% are benign and approximately 10% are

borderline and malignant (4). The diagnosis and differential

diagnosis of BT mainly depend on its pathology. The pathological

features of BBTs are scattered epithelial nests and densely

proliferating fibrous stroma with small nucleoli, broad and clear

cytoplasm, squamous metaplasia in small foci, and local

calcification (14). Borderline and malignant BTs are rare and

have few related studies (15, 16). Histologically, BBT consists of a

large number of densely proliferating fibrous stroma with various

sizes of solid echoes, which are hypoechoic with posterior

attenuation on ultrasound images. The local calcification in
Frontiers in Oncology 05
pathology, due to the different degrees of calcification, can be

punctate, cluster, and patchy. Thus, the ultrasound shows various

forms of hyperecho, followed by an acoustic shadow. For the

detection of calcification, CT and MRI diagnosis were mostly

reported in the previous literature (17). Nowadays, ultrasound

can also show calcification well, and it is economical without

radiation damage. In this study, 14 of 26 BBTs were of solid type,

and six of them had calcifications. The diameter of the solid lesions

was 1.7–11.0 cm, and the posterior echo attenuation was obvious;

eggshell calcification was also observed. This is consistent with the

study conducted by Moon et al. (18), who stated that most solid BTs
FIGURE 1

Transvaginal ultrasound images showing the cystic type lesions of benign Brenner tumor. (A) Transvaginal ultrasound (TVU) showing a case of
unilocular lesions with thin walls. (B) TVU showing a case of cystic lesions with thin separation in the right ovary.
FIGURE 2

Ultrasound images of a benign Brenner tumor patient of the mixed cystic and solid type. (A) Transabdominal sonography showing a giant mixed
cystic and solid (asterisk) lesion in the right lower abdomen with a diameter of 15.1 × 9.8 cm. (B) Color Doppler imaging revealed an abundant blood
flow in the solid part of the lesion. (C) Transvaginal sonography showing a few flow signals in the separates with color Doppler (arrow). (D) Pulsed
wave Doppler demonstrating a low resistant index of blood flow in the lesion.
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are accompanied by an amorphous calcification and that extensive

calcification within the solid component is the typical pathological

manifestation of BT. This suggests that calcification is an important

characteristic of BBT and that it should be considered when there is

a solid lesion with calcification on ultrasound images.

As described above, BTs with solid calcification may be an

important ultrasound characteristic of BBTs. On the contrary, non-

calcified solid BTs are often misdiagnosed as malignant tumors due

to their borders, morphology, and blood flow distribution. The solid

type of tumor without calcification and ovarian malignant tumors

were difficult to distinguish on ultrasound features in

postmenopausal women. In this study, 14 patients were of the

solid type, and eight of them were without calcification. Among the
Frontiers in Oncology 06
patients without calcification, three showed an irregular

morphology and an unclear boundary in two-dimensional

ultrasound images, and color Doppler showed the blood flow

distribution. To further demonstrate the microcirculation, CEUS

was performed all three patients, which indicated that the

intratumoral blood supply was sparse and isoenhanced, which

regressed synchronously with the uterus, and was suspected to be

uncertain according to the IOTA system. The presence of sparse

blood flow within the tumor in CEUS with enhancement and

regression synchronizing with the myometrium was the reason

for the diagnosis of uncertain rather than malignant. Therefore,

CEUS played an important role in the diagnosis. However, the

postoperative pathology results confirmed BBT. Of the six patients
FIGURE 3

2D, CDFI, and CEUS characteristics in a mixed cystic and solid lesion (upper row) and a solid lesion (lower row). (A) 2D transabdominal ultrasound
showing a mixed cystic and solid (asterisk) lesion in the right adnexal area with a diameter of 13.9 × 10.1 cm. (B) Rich blood flow was detected in the
protrusions and solid part. (C) Transverse abdominal contrast-enhanced ultrasound showing the lesion significantly enhanced at 15 s after contrast
agent injection and then slowly washed out. (D) Transverse transvaginal sonography showing a solid lesion (arrow) in the left ovary with a diameter
of 1.70 × 1.34 cm. (E) Color Doppler image showing rich blood flow at the inner side of the solid lesion. (F) Transverse transvaginal contrast-
enhanced ultrasound demonstrating that the solid lesion of the left adnexal area began showing equal enhancement at 24 s after contrast agent
injection and peaked at 42 s.
FIGURE 4

Transvaginal ultrasound images of a solid lesion with obvious calcifications in the left ovary. (A) Transvaginal ultrasound revealing a lesion with a
diameter of 3.0 × 2.2 cm in the left ovary as well as arc-shaped calcifications in the nearer field and acoustic shadows in the rear. (B) Color Doppler
imaging demonstrated a few flow signals in the hypoechoic part of the lesion.
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with mixed BBT on ultrasound images, three were pathologically

confirmed to have mucinous cystadenoma. The ultrasonographic

characteristics of these three cases were summarized as follows. The

main manifestation was a large cystic echo with the attachment of

solid components, and blood flow could be detected in the solid

parts, which overlapped with the ultrasound characteristics of

ovarian malignant tumors. One case was suspected to be

malignant due to the continuous hyperenhancement of the

contrast medium in the separate and solid part of CEUS, but the

pathological diagnosis was also mucinous cystadenoma combined

with BBT. The reason for the enhancement such as CEUS in benign

Brenner tumors may be caused by the incomplete basal layer of
Frontiers in Oncology 07
vascular endothelial cells in the tumor. The incomplete basal layer

of vascular endothelial cells causes the contrast agent to pass

through the gap of endothelial cells quickly, which shows rapid

regression on contrast-enhanced ultrasound images (10).

In our study, 18 (72%) cases were pure BBT in pathology, which

was consistent with the literature that the vast majority of BTs were

benign (19). It was also reported that about 20% of BTs could be

accompanied by mucinous cystadenoma, serous cystadenoma,

benign cystic teratoma, or struma ovarii (20). Similarly, in our

study, seven patients (28%) had concomitant benign ovarian

tumors: four cases were BBT combined with serous cystadenoma,

seromucinous tumor, ovarian fibroma, and endometrioid cyst,
TABLE 2 Two-dimensional and color Doppler ultrasound findings of the 25 patients with 26 benign Brenner tumor lesions.

Ultrasonic classification
Cystic
(n = 8)

Capsule solid
Mixed
(n = 4)

Solid
(n = 14)

Number 30.76% (8/26) 15.38% (4/26) 53.85% (14/26)

Position
Left 12.0% (3/25) 8.0% (2/25) 24.0% (6/25)

Right 20.0% (5/25) 8.0% (2/25) 24.0% (6/25)

Bilateral 4.0% (1/25)

Maximum diameter (cm) 2.1–16.0 4.0–16.0 1.7–11.0

Average diameter (cm) 5.37 ± 4.27 12.73 ± 0.78 2.27 ± 0.95

Shape
Regular 30.77% (8/26) 15.38% (4/26) 42.31% (11/26)

Irregular 0 0 11.54% (3/26)

Border
Clear 30.77% (8/26) 11.54% (3/26) 42.31% (11/26)

Unclear 3.84% (1/26) 11.54% (3/26)

Cystic fluid

Clear 87.5% (7/8)

Unclear 12.5% (1/8) 100% (4/4)

No 100% (14/14)

Separated
Yes 62.5% (5/8) 100% (4/4)

No 37.5%(3/8) 100% (14/14)

Parenchymal echo and blood flow in the sac
Yes 0 100% (4/4) 0

No 100% (8/8) 0 100% (14/14)

Calcification
Yes 0 42.85% (6/14)

No 100% (8/8) 100% (4/4) 57.14% (8/14)

Associated with ascites
Yes 4.0% (1/25)

No 32.0% (8/25) 12.0% (3/25) 52.0% (13/25)

Associated with uterine fibroids
Yes 8.0% (2/25) 4.0% (1/25) 24.0% (6/25)

No 24.0% (6/25) 12.0% (3/25) 28.0% (7/25)

Associated with endometrial polyp
Yes 4.0% (1/25) 8.0% (2/25) 16.0% (4/25)

No 28.0% (7/25) 8.0% (2/25) 36% (9/25)

Ultrasound diagnosis
(IOTA system)

Benign 30.77% (8/26) 42.30% (11/26)

Uncertain 11.54% (3/26)

Malignant 15.38% (4/26)
Values are expressed as n (%).
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respectively, and the other three were associated with mucinous

cystadenoma, which was similar to what Roma and Masand

reported (21, 22). Some scholars believe that the reason why

mucinous cystadenoma and BBT can coexist is that they have a

common clonal origin (23, 24). The other authors suggested that the

combination of these two tumors is due to the differentiation of

BBT cells (25). When the two coexist, the continuous secretion of

epithelial cells in the cystadenoma leads to increased cystic fluid,

which will push the BT tissue to the thinner side of the tumor. Thus,

in the pathological diagnosis of large mucinous cystadenoma,

careful observation of the surrounding tissues of the tumor is

important to determine whether there is a small BT pathological

tissue (26). The difference between BT and mucinous cystic tumors

is that the latter have a single component, have no transitional

epithelial nests, and are positive for the cytokeratin 20 (CK20)

immunophenotype, whereas the former do not express CK20. The

main basis for differential diagnosis is immunohistochemical

analysis (27). However, CK20 can also be positive in patients with

mucinous cystadenoma combined with BBT, and other immune

markers should be combined for differential diagnosis (28).

However, the correlation between BBT and tumor markers is

still unclear (29). There are studies investigating the predictive value

of CA-125 level and malignancy, indicating that CA-125 alone is

not suitable to differentiate between benign and malignant adnexal

lesions (25). Until now, the correlation between BBT tumors and

serum tumor markers, like CA-153, CA-724,and CA-199, has not

been clearly concluded. These markers were elevated, which seemed

more likely by chance, but the result was sometimes difficult to

diagnose with ovarian malignancy, especially when the tumor

showed mixed cystic and solid type or solid. Some of the mixed
Frontiers in Oncology 08
cystic and solid BBT tumors could be combined with cystadenoma.

The association between BT and cystadenoma has also been

reported by Abbas (26) in postmenopausal women. As for the

increase in estrogen levels, the mechanism remains unclear. It has

been reported that steroid hormones are produced by ovarian

tumors probably via the following mechanisms. One is that the

tumor cells themselves produce hormones, such as granular and

Sertoli cell tumors. The other category is stromal cells, but not

tumor cells producing hormones (30). In this study, two of the 25

patients had elevated serum estrogen levels following menopause,

which may have been the cause of endometrial hyperplasia in these

patients. However, whether the cause of estrogen elevation was

tumor cells or stromal cells needs further study.

As for the choice of surgical methods, 72.0% (18/25) were treated

with total laparoscopic hysterectomy and 24.0% (6/25) with salpingo-

oophorectomy laparoscopy. Moreover, 4% (1/25) of the patients chose

open surgery, which was inconsistent with the literature reports (31).

The reason may be the large size of the tumor and the presence of

potential malignancy. However, this procedure has a long recovery

time. With the continuous development of laparoscopic technology,

96.0% (24/25) of the patients underwent laparoscopy. The surgical

trauma is small, and the recovery is fast (5). Meanwhile, the surgical

procedure will not cause spilling of potential malignant cells into the

abdominal cavity. Laparoscopy is a very good choice for young women,

especially those with fertility potential and desire. In our study, 24.0%

(6/25) of the patients chose salpingo-oophorectomy laparoscopy to

avoid overtreatment.

Due to the rare occurrence of malignant and borderline BTs,

most of the ultrasound characteristics reported in the literature were

mainly benign. It has been reported that malignant BT is usually
A C E

B D

FIGURE 5

Histopathological findings of different types of BBT (HE staining, all ×100). (A, B). Histopathological examination revealed one pure BBT patients,
which demonstrated that nests of well-circumscribed ovoid or irregular transitional cells were seen in the dense fibrous stroma in the left ovary.
And, significant calcification can be found in the tumor in figure (B). (C, D). Histopathological findings of a patient mixed myxoid cystadenoma
component with BT, and the mucinous epithelial cells were seen in the cystic wall of tumor in the figure (D). (E) The serous epithelial cells were seen
in the cystic wall of a patient mixed serous cystadenoma component with BT.
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bilateral, presenting mixed cystic and solid components or

dominated by cystic components, with abundant tumor blood

supply and low spectral resistance (5). However, in our study,

there was only one patient with a bilateral tumor that was benign.

Zheng (32) reported that borderline BTs were usually large,

unilocular, or multilocular and may be cystic or capsule solid.

Distinguishing BBTs is difficult sometimes and relies only on

immunohistochemistry (27). Due to the limited sample size of

this study, confirmation by multi-center studies is warranted.
Conclusion

The ultrasound manifestation of BBT is variable and diagnosis

challenging. Features such as calcified acoustic shadow, solid

components with sparse blood flow, and prevailing of the right

appendage may indicate BBT. Unilateral ovarian lesion with

punctate calcification is another important feature of BBT. For

adnexal solid or mixed cystic and solid masses, if the CEUS result

shows isoenhancement or hyperenhancement, the possibility of

BBT cannot be excluded. Contrast-enhanced ultrasound can

enhance the confidence of patients with benign ovarian tumors,

reduce the psychological stress of patients, and allow them to

choose rational surgery. We believe that this study will improve

the understanding of the clinical manifestations, laboratory

examination, and ultrasound manifestations of this rare entity.
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16. Albu DF, Albu C, Goganau AM, Albu ŞD, Mogoantă L, Edu A, et al. Borderline
Brenner tumors associated with ovarian cyst-case presentation. Rom J Morphol
Embryol. (2016) 57:893 –898.

17. Montoriol PF, Hordonneau C, Boudinaud, Molnar I, Abrial C, Kossai M. Benign
Brenner tumour of the ovary: CT and MRI features. Clin Radiol. (2021) 76:593–8.
doi: 10.1016/j.crad.2021.03.018

18. Moon WJ, Koh BH, Kim SK, Kim YS, Rhim HC, Cho OK, et al. Brenner tumor
of the ovary: CT and MR findings. J Comput Assist Tomogr. (2000) 24:72–76.
doi: 10.1097/00004728-200001000-0001
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