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University Cancer Institute and Hospital, Key Laboratory of Cancer Prevention and Therapy of Tianjin,
National Clinical Research Center for Cancer, Tianjin’s Clinical Research Center for Cancer,
Tianjin, China
Objective: To provide a reference for the diagnosis and treatment of ovarian

steroid cell tumors, not otherwise specified (SCTs-NOS).

Methods: We retrospectively analyzed the clinicopathological data of three

patients with SCTs-NOS admitted to the Tianjin Medical University General

Hospital from 2012 to 2022 and reviewed literature reports related to this disease.

Results: A total of 3 cases in our center and 70 cases searched in literature

reports were included. The age at diagnosis ranged from 3 to 93 years (median,

34 years). The common clinical manifestations were hirsutism, acne, deepened

voice, clitoromegaly, amenorrhea, and excessive weight gain. Tumor sizes

ranged from 1.2 to 45 cm, with an average diameter of 6.5cm. Most of SCTs-

NOS were benign, but some of them exhibited malignant behavior. Surgery was

the main treatment and close follow-up was required. The follow up time of 73

cases ranged from 3 to 132months (median, 21.3 months). Disease recurrence or

progression occurred in 14 cases (19.2%). Three of the 73 patients had a

successful pregnancy.

Conclusion: SCTs-NOS usually occur in women of reproductive age, which are

mainly manifested as androgen excess symptoms. Surgery is an appropriate

treatment for SCTs-NOS and should be individualized. Final diagnosis depends

on pathology. SCTs-NOS have malignant potential, and the treatments for

patients with malignant tumors and disease recurrence or progression were

cytoreductive surgery, adjuvant chemotherapy, and gonadotrophin-releasing

hormone agonists (GnRHa) therapy.
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Introduction

Ovarian steroid cell tumors (SCTs) are rare sex cord stromal

tumors, accounting for less than 0.1% of all ovarian tumors (1).

Based on the cell origin, they include three subtypes: stromal

luteomas, Leydig cell tumors, and not otherwise specified (NOS).

SCTs-NOS usually occur in women of childbearing age, with an

average age of 43 years (2). The major presenting symptoms of

SCTs-NOS are hirsutism, acne, deepened voice, clitoromegaly,

amenorrhea, Cushing’s syndrome, and infertility, caused by

excessive secretion of steroid hormones. SCTs-NOS account for

about 50-60% of SCTs and are usually benign, but some of them do

exhibit malignant behavior (3, 4). Surgery is an appropriate

treatment for SCTs-NOS, which should be individualized

according to age, surgical stage, tumor histopathology, and

fertility desires (5). There has been limited data on SCTs-NOS

regarding the clinicopathological characteristics, therapy and

prognosis now. In this article, we retrospectively analyzed the

clinicopathological data of three patients with SCTs-NOS

admitted to the Tianjin Medical University General Hospital from

2012 to 2022 and reviewed literature reports related to this disease

to explore the clinical manifestations, imaging findings,

histopathological and immunohistochemical features, treatment

and prognosis of SCTs-NOS, so as to deepen clinicians’

understanding of this disease, increase the preoperative diagnosis

rate and improve prognosis.
Case report

Case 1: A 37-year-old woman was referred to our hospital

because of amenorrhea for 6 months and pelvic mass for 1 month.

She was an overweight female with a body mass index (BMI) of

28.6kg/m2 and had a normal blood pressure. Gynecological
Frontiers in Oncology 02
examination revealed normal vulva development, clitoris

hypertrophy, and a 4×4cm solid mass in the right adnexal area.

Laboratory tests showed a significant increase in serum total

testosterone (363.73ng/dL, normal range, 10.83~56.94 ng/dL).

Tumor markers (AFP 1.75ng/ml, CEA 0.73 ng/ml, CA199 4.16U/

mL, CA125 13.20U/mL, HE4 26.35pmol/L, HCG<1.20mIU/mL),

thyroid function, insulin release test and adrenal function were

within normal ranges. Transvaginal ultrasound showed a

4.3×4.9×3.6cm low-moderate echo mass on the right side of the

uterus with rich blood flow signals (Figure 1A). A laparoscopic right

salpingo-oophorectomy was then performed. Intraoperative

exploration revealed a right ovarian mass with a size of 5×5×5cm

and a smooth surface. The cut sections of the sample were golden

yellow, solid and fine in texture. Postoperative pathological report

was: (right ovary) SCTs with poorly defined local tumor boundaries

(Figure 2A). Immunohistochemical staining results showed a-
inhibin (+), Calretinin (+), Cytokeratin (CK) local (+), epithelial

membrane antigen (EMA) (–) and a Ki-67index of 5%. Combined

with immunohistochemical results and clinical signs, this was

consistent with ovarian sex cord stromal tumors, tend to be NOS.

Testosterone was 31.24ng/dL at 10 days after surgery. Her

menstruation resumed 1 month after the surgery.

Case 2: A 58-year-old female patient was admitted to our hospital

because of pelvic mass for 10 days during a routine gynecologic

ultrasound without any symptoms of discomfort. The patient

underwent modified radical mastectomy of the left breast due to

invasive ductal carcinoma of the breast 8 years ago and received 6

courses of chemotherapy (doxorubicin, cyclophosphamide, and

docetaxel) after surgery. The patient was regularly reviewed with

mammography, and no abnormal manifestations were found. The

patient also underwent partial nephrectomy due to clear cell

carcinoma of the left kidney 1 year ago, and no abnormal findings

were found in regular follow-up. Her BMI was 25.7kg/m2 and her

blood pressure was normal. The characteristics of vulva were
A

B

FIGURE 1

Representative images of gynecologic ultrasound of case 1 (A) and case 2 (B). (A) The ultrasound showed a 4.3×4.9×3.6cm low-moderate echo
mass on the right side of the uterus with rich blood flow signals. (B) The ultrasound revealed a solid hypoechoic lobulated mass in the left adnexal
area, with a size of 5.6×4.6×3.7cm and striated blood flow signal.
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consistent with those of postmenopausal women. The left adnexal

area was thickened with tenderness on palpation. Serum testosterone

was elevated, with a value of 240.8ng/dL. The tumor markers were as

follows: AFP 1.60ng/ml, CEA 0.92 ng/ml, CA199 6.67U/mL, CA125

11.9U/mL, HE4 27.32pmol/L. No significant abnormalities were

found in other laboratory findings. Gynecologic ultrasound

revealed a solid hypoechoic lobulated mass in the left adnexal area,

with a size of 5.6×4.6×3.7cm, and ascites (Figure 1B). Abdominal

computed tomography (CT) in other hospital showed pelvic effusion,

and no abnormal density shadows were observed in bilateral adnexal

areas. Pelvic magnetic resonance imaging (MRI) in other hospital

revealed a solid mass in the left adnexal area, 5.3×6.2×5.9cm in size,

and pelvic effusion, which suggested a high possibility of metastasis.

Positron Emission Tomography-Computed Tomography (PET-CT)

reported a low-density mass in the left adnexa with FDG

isometabolism and ACE high metabolism. This patient

subsequently underwent laparoscopic surgery. During the

operation, a solid mass was found in the left ovary, about 4×3×3cm

in size, with a yellow brown color, a gyriform and smooth surface,

and abundant nutrient vessels. The left adnexa was resected and sent

for a frozen section. The results showed that metastatic clear cell renal

cell carcinoma was considered in the left ovary, and SCT was not

excluded. According to the pathological findings, total hysterectomy

and right salpingo-oophorectomy were continued performed.

Postoperative paraffin pathological report revealed: (left ovary) SCT

(Figure 2B). Immunohistochemical results showed that Calretinin, a-
Frontiers in Oncology 03
inhibin and Vimentin were positive, CD10, WMA and RCC were

negative, which was consistent with SCTs-NOS. Serum testosterone

was decreased to normal levels after surgery, and no recurrence of

disease has been found for 42 months post-surgery.

Case 3: A 31-year-old woman was admitted to hospital for

hirsutism for 1 year, abdominal distension and frequent urination

for 2 months. She had a regular menstruation. She had excessive

hair started at the age of 30, mainly on the chin and both lower

limbs, and gradually worsened over several months, requiring

weekly chin shaving. A physical examination revealed a BMI of

27.9 kg/m2, indicating an overweight woman, and elevated blood

pressure (BP 155/120mmHg). Lots of coarse hair appeared on her

chin, lower abdomen, and both lower limbs. She also had acanthosis

nigricans on the back of her neck and armpits, but lacked acne,

deepening voice, and other clinical features of Cushing’s syndrome.

Gynecological examination showed that pubic hair was increased

and distributed in a masculine way. A 15×15×10cm massive mass

with clear boundaries was palpated in the lower abdomen, reaching

2 fingers above the navel. Serum testosterone levels were increased

to 252ng/dL. The value of CA125 is 30.1U/mL. Gynecologic

ultrasound showed that a 14.3×9×13.4cm hypoechoic mass could

be seen above the uterus, which was closely related to the uterus,

and part of the liquid dark area and dotted blood flow signal could

be seen in it. This patient first underwent a left salpingo-

oophorectomy. Intraoperative frozen section revealed a left

ovarian thecoma with necrosis, so the scope of operation was not
A

B

C

FIGURE 2

Representative microscopic appearance of case 1 (A), case 2 (B) and case 3 (C), magnification 200X. (A) The pathological report indicated ovarian
SCTs-NOS with poorly defined local tumor boundaries. Immunohistochemical staining for a-inhibin was positive. (B) The pathological report
indicated ovarian SCTs-NOS. Immunohistochemical staining for a-inhibin and Calretinin were positive. (C) The pathological report indicated
mesenteric nodules SCTs-NOS with bleeding, necrosis and calcification. Immunohistochemical staining for a-inhibin and Calretinin were positive.
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expanded. Postoperative pathological findings showed SCTs-NOS

of the left ovary. Blood pressure and serum testosterone dropped to

normal levels on the first day after surgery and hair on the face and

limbs began to fall off. Hirsutism and virilization recurred 45

months after surgery, and disease recurrence was considered.

Blood pressure (160-195/120-100mmHg) and serum testosterone

(100ng/dL) levels were increased again. Abdominal enhanced CT

showed multiple masses and nodules on both sides of the

abdominal aorta and multiple nodules with deficient blood supply

in the liver, which were considered metastatic tumors. The PET-CT

report demonstrated multiple low-density masses and nodules in

retroperitoneum with high metabolism and multiple intrahepatic

low-density foci, which also indicated tumor recurrence or

metastasis. After a multi-disciplinary treatment, the patient

underwent an exploratory laparotomy. During the operation,

multiple convex masses were observed on retroperitoneum, para-

aorta and liver surface, with a maximum diameter of about 13cm.

The masses were densely adherent to the mesentery surface, and the

para-aortic lymph nodes are enlarged. Retroperitoneal mass

resection + cholecystectomy + partial hepatectomy + para-aortic

lesion resection + para-aortic lymph node dissection + greater

omentectomy were then performed. The postoperative

pathological results revealed mesenteric nodules SCT with

bleeding, necrosis and calcification, which is considered

malignant in combination with clinical and growth pattern. There

were metastasis in the liver and upper paraaortic lymph nodes

(Figure 2C). Immunohistochemical results indicated that

Calretinin, CD99 and a-inhibin were diffusively positive, CK and

EMA were partially positive, and Vimentin was negative. These

findings suggested recurrence of malignant SCTs-NOS with

retroperitoneal and hepatic metastasis. Serum testosterone

decreased to 32.00ng/dL one day after surgery. Bleomycin +

etoposide + cisplatin (BEP) chemotherapy combined with

gonadotropin-releasing hormone agonist (GnRHa) adjuvant

therapy was administered 13 days after surgery for a total of 6

courses. The patient relapsed again 9 months and died 12 months

after the second operation.
Discussion

SCTs-NOS are uncommon ovarian sex cord stromal tumors,

the etiology and pathogenesis of which remain unclear. Apart from

the investigation of 63 cases by Hayes and Scully (5), there has been

limited data on SCTs-NOS regarding clinical retrospective studies

now. Considering the rarity of the disease, we reported the

treatment experience of 3 patients with SCTs-NOS in our center

(Table 1) and summarized 70 cases reported in the literature from

1998 to 2023 (Table 2), with a view to providing recommendations

for the diagnosis and treatment of the disease. Our retrospective

study did not collect information on the 63 cases in Hayes and

Scully’s article because of the lack of detail in each case. We also

excluded some cases due to insufficient follow-up data or too short

follow-up (less than 3 months).

SCTs-NOS can occur at any age but they are usually occur in

women of reproductive age. The 73 patients with SCTs-NOS ranged
Frontiers in Oncology 04
in age from 3 to 93 years (median, 34 years). Clinical symptoms

usually vary depending on hormonal secretion and tumor

progression. SCTs-NOS can secrete many hormones, such as

testosterone, estradiol, cortisol, and, rarely, prorenin (5). According

to previous studies and our review, more than half (56-77%) of SCTs-

NOS patients exhibit hyperandrogenic symptoms and signs of

virilization, including hirsutism, acne, deep voice, clitoromegaly,

amenorrhea, and infertility (6, 28, 40). 67% (20/30) of patients

were overweight or obese. In addition, about 6-23% of women

present with estrogenic manifestations, such as isosexual precocious

puberty, abnormal uterine bleeding or postmenopausal bleeding

(2, 5). Some patients even progress to endometrial cancer (57).

About 6–10% of patients may have symptoms of Cushing’s

syndrome because of elevated plasma cortisol levels (58, 59).

Hypertension and hypokalemia may also, in rare cases, be unique

manifestations in cases of increased serum prorenin levels from SCTs

(60). However, approximately 25% of cases have other unspecific

symptoms such as abdominal pain and distention, and are even

asymptomatic (6, 30). In these cases, the diagnosis is usually made

after postoperative histopathological confirmation.

Elevated testosterone and androstenedione levels are usually

showed in serum laboratory tests, indicating an ovarian-derived

androgen release and normal dehydroepiandrosterone sulfate

(DHEA-S) levels, thus ruling out hyperandrogenemia caused by

adrenal tumors (46). Elevated testosterone was found in all three

cases we reported. Currently, there are no specific tumor markers

for preoperative diagnosis of SCTs-NOS. Serum levels of CA125

and HE4 are common tumor markers in epithelial ovarian tumors

(61), while they are generally maintained in the normal range in

SCTs-NOS. And the literature data do not suggest whether

increased levels indicate malignant potential (30, 51). This is

relevant to the cases described because these tumor markers

remain within the normal range even after the disease has recurred.

Imaging examinations are helpful in the evaluation of

gynecological diseases. Gynecologic ultrasound is often used for

the initial assessment of ovarian tumors. SCTs-NOS usually occur

in the unilateral ovary, and grayscale ultrasound often shows solid,

round or oval nodules with clear boundaries and mainly slightly

hypoechoic internal echoes. The intensity of the echo might be

relevant to the internal fat content. Due to the increased vasodilator

effect of testosterone, most SCTs-NOS exhibit rich blood flow

signals dominated by low resistance blood flow (42, 62).

Altogether, the more typical ultrasound imaging features of SCTs-

NOS are round or oval, solid, slightly hypoechoic masses with

uniform internal echo, abundant blood supply and low resistance,

which is consistent with the three cases we reported. However,

gynecologic ultrasound has a limited sensitivity in detecting SCTs-

NOS. MRI is effective in differentiating epithelial from non-

epithelial ovarian tumors, including SCTs-NOS. The MRI features

of SCTs-NOS depend on the amount of lipid components and

fibrous stroma in the tumor, which mainly appears as solid masses

with equal or slightly high signal on T1-weighted images, high

signal on T2-weighted images, and high signal on diffusion

weighted images (63). In addition, the lesions are significantly

enhanced after treatment with gadolinium-diethylenetriamine

pentaacetic acid (Gd-DTPA) (55). MRI imaging findings
frontiersin.org
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indicative of epithelial ovarian cancers include solid or cystic-solid

soft tissue mass, lobed or irregular in shape, blurred boundaries,

intracystic papillary projections, equal and low T1 signal intensity

and high T2 signal intensity. Granulosa cell tumors (GCTs) are

usually present as large, multilocular masses with both solid and

cystic components and areas of hemorrhage. Their most typical

appearance is a solid mass with a spongelike (“Swiss cheese”)

appearance; the tumor ’s cystic compartments may be

hemorrhagic fluid with high T1 signal and fluid-fluid levels.

Liposarcomas are the most common type of retroperitoneal

sarcomas. Increased signal intensity on T1-weighted images and

signal loss after fat saturation is indicative of a fat-containing lesion.

If a fatty mass presents with irregular and ill-defined borders, then

the diagnosis of liposarcoma should be considered (64). On the

other hand, the role of CT in revealing cystic lesions and lipid
Frontiers in Oncology 05
components may be limited (65, 66). Abdominal CT may reveal a

moderate heterogeneous enhancement on the ovary (67). Although

clinical and radiological examinations provide useful clues for

establishing the initial differential diagnosis of ovarian tumors,

diagnosing SCTs-NOS remains challenging, and surgery can be

used for both diagnosis and definitive treatment.

Currently, there are no established treatment options due to the

low incidence of SCTs-NOS. The treatment of the tumor depends

on several factors, including the age, tumor stage, tumor

histopathology, presence of malignant features, and fertility

desires. Surgical resection is considered the primary option for

benign SCTs-NOS. Therefore, unilateral salpingooophorectomy or

tumor removal is recommended for women who have fertility

desire and early-stage disease (46), as in our case 1 and 3. Serum

testosterone levels should be measured with regular follow-up after
TABLE 1 Clinicopathological features of three cases reported in our hospital.

Case 1 Case 2 Case 3

Age (years) 37 58 31

Symptoms Amenorrhea No symptoms Hirsutism, virilization, abdominal
distension, frequent urination

Hypertension No No Yes

BMI (kg/m2) 28.6 25.7 27.9

Testosterone (ng/dL) 363.7 240.8 252.0

Tumor diameter (cm) 4.9 5.6 14.3

Tumor side Unilateral Unilateral Unilateral

Gynecologic ultrasound

texture Solid Solid Solid

form Ellipsoid Lobulate Lobulate

echo Low-moderate echo Hypoechoic Hypoechoic

CDFI Rich blood flow signal Striated blood flow signal Dotted blood flow signal

Immunohistochemical results

Calretinin (+) (+) (+)

a-inhibin (+) (+) (+)

CK Local (+) / Partial (+)

EMA (-) / Partial (+)

Vimentin / (+) (-)

Therapy RSO HE, BSO LSO;
Retroperitoneal mass resection

+cholecystectomy+ partial hepatectomy
+para-aortic lesion resection+para-
aortic lymph node dissection+greater
omentectomy were then performed 45
months later, and BEP chemotherapy
combined with GnRH treatment was

performed for 6 months.

Follow-up (months) No recurrence (39) No recurrence (42) Recurred (45) and died (57)

Pregnancy outcome No pregnancy No pregnancy No pregnancy
LSO, left salpingo-oophorectomy; RSO, right salpingo-oophorectomy; BSO, bilateral salpingo-oophorectomy; HE, hysterectomy; BEP, bleomycin + etoposide + cisplatin; GnRHa,
gonadotrophin-releasing hormone agonists. “-”, negative; “+”, positive; “/”, not applicable.
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TABLE 2 Clinicopathological features of cases reported in the literature.

Adjuvant
therapy

Follow-up
(months)

Pregnancy
outcome

uclear
typia
grade
I/III)

– No recurrence (6) /

– No recurrence (12) /

BEP×2,
GnRHa

Recurred (28) /

– No recurrence (12) /

Glucocorticoid No recurrence (52) /

– Recurred and
multi metastasis (10)

/

– No recurrence (3) /

/ Recurred (132) /

– No recurrence (12) /

– No recurrence (24) /

/ No recurrence (36) /

– No recurrence (4) /

– No recurrence (6) /

– No recurrence (6) /

– No recurrence (16) /

– No recurrence (3) /

– No recurrence (18) /

BEP×6 Continued (18), lost to
follow up

/

– Recurred (108) /

– No recurrence (5) /

– No recurrence (6) /

(Continued)

Su
n
e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
4
.14

0
0
0
8
5

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
6

Case Author Age
BMI
(kg/m2)

Surgery Diameter

Pathological features

Necrosis Hemorr-
hage

Mitosis
(≥2 per
10 HPF)

N
a
(
I

1 Wang (1998) (6) 48 / HE,RSO,PLND,OE 4 – – – +

2 Faraj (1998) (7) 56 / BO 4.5 / / / /

3
Brewer (1998) (8) 58 / HE, BSO,TD 10 / / +(9) +

4 Reedy (1999) (9) 46 / HE,LSO,PLNS,OE 3.6 – – – –

5 Bas (2000) (10) 9 / HE,BSO 2.5 – – – –

6
Powell (2000) (11) 93 / HE, BSO, sigmoid-

ectomy,colostomy
21 + / + +

7 Stephens (2002) (12) 67 / HE,BSO 1.2 – – – –

8 Garduno (2002) (13) 34 28.0 RSO / / / / /

9 Liu (2005) (14) 30 >28.0 Tumor resection 3 – – – –

10 Kim (2007) (15) 52 >28.0 BSO, PLNS, OE 7.5 – – – –

11 Ding (2007) (16) 16 36.6 Tumor resection 5 / / / /

12 Gupta (2008) (17) 5 30.1 Tumor resection 4.5 / / / /

13 Stephens (2008) (18) 35 / RSO 5 / / – /

14
Sawathiparnich
(2009) (19)

6 20.9 LSO 7 + – +(2-5) –

15 Lee (2011) (20) 8 18.9 RO 5 – – – –

16 Zhang (2011) (21) 21 / LSO, OE 5.8 – – – –

17 Varras (2011) (22) 40 >28.0 HE, BSO 6.8 – – – –

18
Layla (2011) (23) 65 / BSO, TD 7 – / +(2) –

19 Arora (2012) (24) 22 / HE, LSO 2 / / / /

20 Singh (2012) (25) 70 >28.0 RO 5 / / / /

21 Yilmaz (2013) (26) 13 / Tumor resection 2.5 – – – –
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TABLE 2 Continued

Adjuvant
therapy

Follow-up
(months)

Pregnancy
outcome

uclear
ypia
rade
III)

– No recurrence (18) Uncomplicated
pregnancy; female
infant, 3,579 g at 40
weeks gestation

PVB×4 Continued and
died (10)

/

– No recurrence (36) /

– No recurrence (12) /

– No recurrence (21) /

– No recurrence (12) /

– Recurred (42),
died(58)

/

Docetaxel +
Nedaplatin
×8

Recurred (18),
died (24)

/

– No recurrence (24) /

GnRHa ×6 No recurrence (43) /

– Recurred (60) /

– No recurrence (25) /

– No recurrence (15) /

– No recurrence (49) /

– No recurrence (71) /

– No recurrence (23) /

– Recurred (34) /

– No recurrence (11) /

– Recurred and died (8) /

(Continued)

Su
n
e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
4
.14

0
0
0
8
5

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
7

Case Author Age
BMI
(kg/m2)

Surgery Diameter

Pathological features

Necrosis Hemorr-
hage

Mitosis
(≥2 per
10 HPF)

N
at
(g
II

22

Sielert (2013) (27) 20 29.1 RO 5.5 – – – –

23
Jiang (2013) (28) 21 / HE, BSO, OE L 20, R 15 + + + (>10) +

24 Jiang (2013) (28) 23 Normal Tumor resection 6 – – – –

25 Swain (2013) (29) 28 / LSO 5.9 / / / /

26 Chun (2013) (30) 52 / LSO 6 – – +(5) –

27 Cooray (2013) (31) 54 / HE, BSO L 3, R 4 – – – –

28
Menghua (2014) (32) 28 / LO 2.5 + / Active

cell growth
/

29

Li (2014) (33) 29 / RSO 6 + + + +

30 Tai (2014) (34) 29 / RSO 10 – + – –

31
Chung (2014) (35) 35 29.5 HE, BSO, PLND,

OE, AE
4.9 – – – –

32 Kim (2014) (36) 46 / HE, BSO, PLND, OE 7.7 / / / /

33 Haroon (2015) (37) 3 / LSO 7 – – – –

34 Haroon (2015) (37) 26 / RSO 4.5 – – – –

35 Haroon (2015) (37) 28 / HE, BSO 3&2.5 – – +(2) –

36 Haroon (2015) (37) 32 / HE, BSO 4 – – – –

37 Haroon (2015) (37) 37 / LSO 7 – – – –

38 Haroon (2015) (37) 43 / RSO 10 – – +(5) +

39 Haroon (2015) (37) 50 / RSO 7 – – – –

40 Haroon (2015) (37) 51 / HE, BSO, PLND, OE 13 + + +(8) +
/
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TABLE 2 Continued

Adjuvant
therapy

Follow-up
(months)

Pregnancy
outcome

uclear
typia
rade
/III)

PVB ×4 &
radioth-erapy

No recurrence (43) /

– No recurrence (27) /

– No recurrence (15) /

– No recurrence (8) /

– No recurrence (60) /

– No recurrence (43) /

BEP×3 No recurrence (24) /

/ Died after operation /

– No recurrence (12) /

– No recurrence (36) /

– No recurrence (6) /

– No recurrence (9) /

– No recurrence (36) /

– No recurrence (60) /

– Recurred (70) /

BEP×3 No recurrence (7) /

– No recurrence (12) /

– No recurrence (13+) Healthy infant
at term

– No recurrence (24) /

– No recurrence (3) /

(Continued)
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t
al.
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.3
3
8
9
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n
c.2

0
2
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0
0
0
8
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Fro
n
tie

rs
in

O
n
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g
y
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n
tie

rsin
.o
rg

0
8

Case Author Age
BMI
(kg/m2)

Surgery Diameter

Pathological features

Necrosis Hemorr-
hage

Mitosis
(≥2 per
10 HPF)

N
a
(
I

41
Haroon (2015) (37) 52 / LSO 9 – – +(4) +

42 Haroon (2015) (37) 67 / BSO 3.4 – – – –

43
Yokozawa
(2015) (38)

16 / Tumor resection 4 – – – –

44 Ben (2015) (39) 39 / LSO 3.4 / / / /

45 Qian (2016) (40) 5 / RSO 8 – – – –

46 Santo (2016) (41) 21 / RSO 11.5 – + +(4) –

47 Lee (2016) (42) 47 / HE, BSO, OE 11 – + +(5) +

48 Sedhom (2016) (43) 67 / HE, BSO, TD 9.8 / + +(22) –

49 Zang (2017) (44) 46 / LSO 12 / / / –

50 Chen (2018) (45) 40 / RSO 6 / / / /

51 Yuan (2019) (46) 17 / Tumor resection 8 – – – –

52 Wong (2019) (47) 24 26.0 RSO 4.5 – – – –

53 Alves (2019) (4) 30 Normal Tumor resection 2 – – – –

54
Matsukawa
(2019) (48)

22 37.7 LO 3 – – – –

55 Nakasone (2019) (49) 50 / HE, BSO, PLNS 9 – – / –

56
Yoshimatsu
(2020) (50)

4 / RSO 8 + + +(3) –

57 Faten (2020) (51) 36 / RO 4.5 – – – –

58
Uyanıkoglu
(2020) (52)

34 / Tumor resection 4 – – – –

59
Schnuckle
(2021) (53)

14 / LSO 3.2 – + – –

60 Ismail (2021) (54) 21 19.1 LSO 15 – – – –
g
I
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TABLE 2 Continued

eter

Pathological features

Adjuvant
therapy

Follow-up
(months)

Pregnancy
outcome

Necrosis Hemorr-
hage

Mitosis
(≥2 per
10 HPF)

Nuclear
atypia
(grade
II/III)

– – – – – No recurrence (5) /

– – – – – No recurrence (9) /

– – – – – No recurrence (11) /

– – – – – No recurrence (12) /

/ / / / / No recurrence (27) /

– – – – – No recurrence (28) /

– – – – – No recurrence (32) /

– + – + – No recurrence (46) /

– – – + – No recurrence (53) /

– – – – – No recurrence (21.5) Uncomplicated
pregnancy; male
infant, 3,495 g
at 38 weeks
gestation

O, left oophorectomy; RO, right oophorectomy; BO, bilateral oophorectomy; HE, hysterectomy; OE, omentectomy; PLND, pelvic lymph node dissection; PLNS,
tin; PVB, cisplatin + vincristine + bleomycin. “-”, no; “+”, yes; “/”, not applicable.
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Case Author Age
BMI
(kg/m2)

Surgery Diam

61 Lin (2022) (55) 14 30.1 OTR <7

62 Lin (2022) (55) 53 23.8 RSO <7

63 Lin (2022) (55) 25 29.6 OTR <7

64 Lin (2022) (55) 55 24.1 HE, BSO, OE,PLND <7

65 Lin (2022) (55) 51 27.9 HE, BSO /

66 Lin (2022) (55) 59 19.4 BSO <7

67 Lin (2022) (55) 43 22.2 HE, BS,OER <7

68 Lin (2022) (55) 68 24.8 EHE,BSO <7

69 Lin (2022) (55) 9 13.7 OTR <7

70

Matemanosak
(2023) (56)

31 35.6 LSO 6

LSO, left salpingo-oophorectomy; RSO, right salpingo-oophorectomy; BSO, bilateral salpingo-oophorectomy; L
pelvic lymph node sampling; AE, appendectomy; TD, tumor debulking; BEP, bleomycin + etoposide + cispl
a
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surgery. On the other hand, total hysterectomy and

bilateralsalpingo-oophorectomy are mostly performed in

postmenopausal women and those who have no fertility desire

(28, 40). Because many patients may also have endometrial

hyperplasia or even endometrial cancer, endometrial sampling

should be performed when planning fertility preserving surgery,

which may influence the decision to perform a hysterectomy.

Certainly, histopathological examination is the gold standard

for the final diagnosis of SCTs-NOS (68). SCTs-NOS are unilateral

in 94% of cases, and typically solid and well-circumscribed. Their

sizes range from 1.2 to 45 cm, with an average diameter of 6.5cm in

the 76 cases we summarized. Microscopically, SCTs are composed

of large polygonal cells with vacuolar cytoplasm and smaller cells

with abundant granular eosinophilic cytoplasm. These cells are

usually arranged diffusely or in small nests within the vascular

stroma. The absence of cytoplasmic Reinke crystals is useful to

differentiate SCTs-NOS from Leydig cell tumors. Besides, Leydig

cell tumors are usually located in hilar locations, and commonly

correlated with Leydig cell hyperplasia (1, 48). Stromal luteomas,

typically characterized by stromal hyperplasia with degenerative

pseudovascular spaces, are confined to the ovarian stroma and often

accompanied by stromal hyperthecosis (69). SCTs-NOS may have

fibromatous components, similar to those of thecomas, but these

components account for less than 10% of the tumor (70). The

absence of spindle cells and fibromatous background help to

distinguish them from luteinized thecomas. Pregnancy luteomas

are mostly multifocal (bilateral in 1/3 cases), usually detected during

cesarean section, and resolve spontaneously after pregnancy (69).

Besides, both primary and metastatic ovarian clear cell carcinomas

can be ruled out by the lack of glycogen-rich cytoplasm and

eccentric nuclei (40, 68, 71).

Apart from microscopic appearances, immunohistochemistry is

also extremely helpful for correct diagnosis. a-inhibin and Calretinin

are considered to be the most useful markers in the differential

diagnosis of SCTs-NOS. The sensitivity of a-inhibin reactivity is 5%

to 90%, whereas the sensitivity of positive Calretinin ranges from 60%

to 90% (3, 53). a-inhibin and Calretinin were positively expressed in

all three patients at our center. SCTs-NOS are also commonly positive

for Vimentin, Melan-A, and CD99, and variably positive for AE1/3,

CAM5.2, HMB45, and S100 (3). Currently, techniques of

steroidogenic enzymes immunohistochemical staining are being

developed to identify SCTs-NOS. Ovarian steroidogenic enzymes,

including 3 b-HSD, P450c17, 5 a-reductase 1/2, 17 bHSD 5, and 17 b
HSD 1, are obviously expressed in the SCTs-NOS tumor cells.

However, no adrenal-specific steroidogenic enzymes such as

P450c21, DHEA-ST, and CYP11B1/2 are found to be expressed in

SCTs-NOS, indicating that adrenocortical hormones are not

synthesized (48). Validated enzymes may be used as markers for

differential diagnosis of hyperandrogenic ovarian disease in the future.

Usually, SCTs-NOS are benign, but 25%-43% of SCTs-NOS

have malignant potential, with metastasis beyond the ovaries found

in 20% of cases. Hayes and Scully summarized five pathological

features associated correlated with malignant potential in their

studies, including the presence of more than two mitotic figures

per 10 high power fields in 92% of cases, necrosis in 86% of studies,

tumor sizes larger than 7cm in 78%, hemorrhage in 77%, and grade
Frontiers in Oncology 10
2–3 atypia in 64% of cases respectively (5). Although some patients

may have clinical malignant features such as massive ascites,

metastasis, and satellite nodules, confirming malignancy must be

determined according to the above pathological features. Of the 70

cases retrieved, about half (30/57) presented with at least one

malignant feature, except for 13 cases with missing pathological

details. After primary surgery, 13 patients relapsed and 9 patients

had at least two malignant pathological features. In our three cases,

no malignant pathological features were found after the initial

surgery, but three malignant pathological features were observed

in specimens resected after recurrence and metastasis in the

third case.

As SCTs-NOS have malignant potential, postoperative follow-up

is required, the optimal duration of follow-up has not been

determined due to the limited understanding of the mechanisms of

tumorigenesis of these tumors. The follow up time of 73 cases ranged

from 3 to 132 months, with a median time of 21.3 months. Disease

recurrence or progression occurred in 14 cases (19.2%) (Tables 1, 2).

The reported treatments for patients with malignant tumors and

disease recurrence or progression in SCTs-NOS were cytoreductive

surgery, adjuvant chemotherapy, and GnRHa therapy. The current

possible adjuvant chemotherapy regiments are as follows: BEP

(bleomycin, etoposide, and cisplatin); PVB (cisplatin, vinblastine,

and bleomycin); cisplatin, doxorubicin, and cyclophosphamide;

taxane and platinum; and bleomycin, vinblastine, and cisplatin (50,

72–75). In a patient with SCTs-NOS who reported recurrence 5 years

after the initial surgery, intraperitoneal spread and liver metastases

were completely removed by reduction surgery, radiofrequency

ablation of liver metastasis, and adjuvant BEP (36). In our review

of the literature, seven patients received adjuvant chemotherapy, of

which four received the BEP chemotherapy regimen (Table 2). In two

reported cases, tumor progression did not respond to chemotherapy

alone. Another relapsed case did not respond to chemotherapy, but

was controlled after switching to GnRHa treatment and remained

tumor-free for 22 months. Pascale previously found that androgen

secretion by ovarian virilizing tumors may be gonadotrophin

dependent, and GnRHa may exert an inhibitory effect by reducing

hormone secretion and inducing apoptosis of tumor cells (76). Wang

also demonstrated that the serum testosterone level was still elevated

after surgery in a patient whose tumor was completely removed

during surgery. After one cycle of GnRHa treatment, the patient’s

blood testosterone returned to normal levels, and there was no sign of

recurrence during the subsequent 32 months of follow-up (77). Those

findings suggest that GnRHa plays an important role in relapsed

SCTs-NOS patients. When multidrug chemotherapy fails, some

patients may exhibit a response to subsequent treatment with

GnRHa (78). However, treatment decisions remain controversial

and more research is needed to discuss and confirm the best

treatment options.

Since SCTs-NOS mostly occur in women of childbearing age,

more attention should be paid to the protection of ovarian function

and reproductive outcomes. Data on fertility outcomes after surgery

for SCTs-NOS are limited. As far as we know, only three cases of

spontaneously conceived pregnancies with good outcomes have

been reported (Table 2). None of the three patients we reported had

a subsequent pregnancy.
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Conclusion

SCTs-NOS are rare, and thus it is difficult to conduct large-scale

clinical cohort studies and there is a lack of consistent treatment

recommendations. SCTs-NOS can occur in women of all ages and

cause symptoms such as virilization, isosexual precocious puberty in

adolescents, and Cushing’s syndrome. Although endocrine

abnormalities usually recover after surgery, the resulting

developmental effects remain, especially in adolescents. Therefore, it

is of great significance to improve the early diagnosis of the disease and

decrease the developmental abnormalities in young patients due to

endocrine factors. Most of these tumors are benign, but some of them

do exhibit malignant behavior. Surgery is an appropriate treatment for

SCTs-NOS and should be individualized. This study retrospectively

analyzed most SCTs-NOS cases published in public journals between

1998 and 2023, and obtained the necessary complete information and

prognostic outcomes, which provided effective information and value

for the diagnosis and treatment of SCTs-NOS.
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