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Background: Malignant ovarian sex-cord stromal tumors (MOSCSTs) are rare neoplasms that account for approximately 5–7% of all
ovarian malignancies. The majority (70%) of patients had an early stage; thus, surgery is the predominant treatment. Patients were
relatively young at the onset of the tumor. Moreover, the prognosis of patients with this tumor is better than that of malignant epithelial
ovarian tumors and tends to recur late with an indolent clinical course. Thus, patients may be more inclined to conservative surgical
procedures. There is, however, no objective criterion for selecting a suitable surgical procedure. Clinically, surgical extent depended on
the preoperative evaluations, age, and willingness of patients, and gynecologists were relatively subjective when choosing surgery. The
prognosis of patients with different surgical extents is still controversial. The review aimed to summarize the impacts of different
surgical extents on oncological prognosis and fertility outcomes.
Methods: The literature search was performed in PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), and publications between
January 2011 and December 2021 in English including clinical cohort studies and case reports were eligible for inclusion.
Results: We finally identified 12 large-sample retrospective studies and 18 cases of MOSCSTs. The primary surgical procedures
include fertility-spring surgery (FSS), total hysterectomy with unilateral or bilateral salpingo-oophorectomy (TAH-USO/BSO), FSS
with complete staging procedure, complete staging surgery (CSS), and debulking surgery. FSS includes cystectomy (CYS), unilateral
salpingo-oophorectomy (USO) or bilateral salpingo-oophorectomy (BSO) with uterine preservation that allows for potential future
assisted reproductive approaches. Complete staging procedure includes peritoneal cytologic examinations, inspections of peritoneal
surfaces, random peritoneal biopsies and omentectomy. FSS with complete staging procedure means surgical procedure with uterine
preservation and complete staging procedure. And, generally, CSS means TAH-BSO with complete staging procedure.
Conclusion: It can be concluded that USO can be done in young, fertility-desired patients with tumors confined to the ovary but
avoid CYS. FSS with complete staging procedure is feasible among stage IC-III patients who have fertility desire. Patients can
choose to have a complete surgery once their family is complete or without fertility requirements. CSS is recommended for patients
with risk factors such as high stage, poor differentiation, and large tumor size and without fertility desire. A close follow-up is
essential.
Keywords: malignant sex-cord stromal tumor, surgical extent, risk factors, prognosis, fertility outcomes

Introduction
MOSCSTs represents 2–5% of all malignant ovarian tumors. Other rare subtypes include Sertoli-Leydig cell tumor
(SLCT) (5–10%), Sertoli cell carcinoma, Leydig cell tumor, sex cord tumor with annular tubules (1.4%) and so on1

whereas GCT is the most common subtype (70%). MSCSTs are usually diagnosed at an early stage in patients of
childbearing age.2 This tumor is characterized by a relatively good prognosis and late recurrence. The median time to
recurrence is six years, as late as 30 years.2 Fifty-four percent of the patients with GCT recurrences occurred within 5
years; patients recurring from 5 to 10 years after diagnosis accounted for 39%; 6% of the patients experienced recurrence
after more than 20 years from initial diagnosis.3
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According to NCCN guidelines, surgery for women who desire fertility and whose tumor is grossly confined to the
ovary usually consists of a USO or BSO with complete staging. All others should undergo complete staging, which
means TAH-BSO with complete staging. However, evidence regarding the impact of different surgical procedures on the
outcomes of MOSCST patients is limited. Moreover, a large surgical extent may be associated with long-term side effects
that affect sexual function and quality of life. Patients may be more inclined to conservative surgical procedures due to
the relatively good prognosis and indolent clinical course of this tumor. Determining surgical extent is mainly based on
accurate preoperative staging. However, it cannot be done because the stage was determined by surgical pathology. The
decision to perform conservative surgery rather than a more extensive procedure is often made intraoperatively by the
surgeon based on the surgeon’s experience, intraoperative findings, and fresh frozen intraoperative analysis.4–7 However,
fresh frozen intraoperative analysis still has certain limitations. The sensitivity and specificity of fresh frozen intrao-
perative analysis for MOSCSTs were 95.5% and 93.8%, respectively.8 The accuracy rate of the frozen pathological
evaluation was only 60% for Sertoli–Leydig cell tumor.9 Thus, there is no objective criterion when deciding surgical
procedures.

Whether different surgical extents affect survival and fertility outcome remain controversial. We undertook a narrative
review to summarize the oncologic and fertility outcomes of different extents of surgery among MOSCST patients. The
literature search was performed in PubMed (https://www.ncbi.nlm.nih.gov/pubmed/). A summary of recent studies on the
impact of different surgical procedures on prognosis is shown in Table 1. A summary of recent case reports of MSCSTs is
shown in Table 2.10–21

Oncological Prognosis: Impact of Different Surgical Procedures and Routes
Fertility-Spring Surgery (FSS) vs TAH-BSO
Because of the lower age of onset coupled with the increasing childbearing age, the number of patients with MSCST
planning pregnancy has accelerated, and cancer diagnosed during pregnancy is likely to upsurge.22 FSS is an appropriate
option, although the prognosis is still debatable Many studies compared the safety and prognosis of FSS compared to
TAH-BSO.

Some studies said that patients who underwent FSS had a poor prognosis. A study based on American National
Cancer Database (NCDB) published in 2017 showed that women who underwent USO had decreased survival compared
with TAH-BSO, even in patients with stage I (5-y overall survival (OS) 90.2% vs 48.2%, P = 0.002 in all patients;
5-y OS in stage I patients 92.6% vs 87.7%, P<0.001).5 However, the majority of deaths in this cohort were experienced
by women who were no longer of reproductive age. Thus, these results cannot deny the value of FSS inappropriately
counseled and well-selected young patients. A SEER-based study in 2017 drew a similar conclusion that premenopausal
patients with stage I MOSCSTs who underwent FSS had poorer 20-y cancer-specific survival (CSS) than those who
underwent TAH-BSO (94.2% vs 71.7%, P = 0.021. In this study, FSS was more common in women with non-GCT and
stage IC disease versus stage IA. After controlling for tumor histology (GCT or non-GCT) and stage (stage IA or stage
IC), FSS was still connected to poorer 20-y cancer-specific survival. However, there was no difference in 5-y cancer-
specific survival, 10-y cancer-specific survival, and OS between the two groups. This difference may partly be clarified
because women who had TAH-BSO were older and more likely to die from other causes.23 However, no further
stratification by age and complications was performed in this study, and this finding remains to be further verified.
A study published in 2019 analyzed patients with stage I adult granulosa cell tumor (AGCT) treated at the MITO center
and showed that patients who underwent FS had worse 10-y DFS compared with patients who underwent RS (10-y
disease-free survival (DFS) 50% vs 74%, P = 0.006), while no difference in OS was detected.4 In this study, FSS was
characterized as CYS and USO, while RS was specified as BSO and TAH-BSO. Patients who underwent CYS-only also
showed a significantly worse 10-y DFS than RS (16% vs 75%, P<0.001). However, there was no significant difference of
10-y DFS between USO and RS (10-y DFS 70% vs 75%, p = 0.5).4 When comparing the prognosis of different FSS,
patients who underwent CYS-only and USO had significant differences in DFS (28.2% vs 85.7%, P=0.01).4 Patients who
had USO followed by CYS had a better prognosis than those who underwent CYS only, but prognosis was worse than the
initial USO.4 That could be explained by the postoperative residual disease after CYS that appeared in some cases.24

https://doi.org/10.2147/CMAR.S350457

DovePress

Cancer Management and Research 2022:14698

Li et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.ncbi.nlm.nih.gov/pubmed/
https://www.dovepress.com
https://www.dovepress.com


Table 1 Summary of Recent Studies on the Impact of Different Surgical Procedures on Prognosis

Year First Author Tumor
Type

No. of Patients Stage Surgery (No. of
Patients)

Follow-Up
Time

Prognosis Risk Factors

2020 C. Lenck46 GCT 414 I–IV CSS vs PCS vs

NCSa
168 months

(at least 54
months)

The analysis of survival did not

demonstrate a significant difference in
overall survival nor in PFS in the fully

compliant group compared to other

groups.

/

2019 A. Bergamini4 AGCT 229 I FSS (78) (USO (49),

CYS (13), CYS-
USO (16)) vs RS

(161) b

84 months

(range: 35–
110 months)

1) DFS was significantly worse for patients

undergoing FSS (10-y DFS rate:50% vs
74%, respectively, p = 0.006).

2) No statistically significant difference in

terms of DFS between RS and USO (10-y
DFS 73% vs 70%, p = 0.5).

3) Patients undergoing CYS showed a

significantly worse DFS compared to RS
(10-y DFS rate: 16% vs 75%, p b 0.001) and

USO (10-y DFS rate: 16% vs 70%, p b

0.001).
4) On the other hand, patients first

treated with CYS →USO showed an

improved prognosis compared to CYS
only, even though significantly worse

compared to RS (10-y DFS rate: 41%

versus 75%, respectively, p = 0.01) or USO
(10-y DFS: 41% versus 70%, respectively,

p= 0.05).

Age more than 50 years,

Stage IC, Incomplete staging.

2019 Yasin Durmu9 SLCT 17 I TAH-BSO c (8) vs

USO/O (7) vs CYS

(2)

78 months All the 17 patients were alive and free of

disease for 1–287 months after the

diagnosis.

/

2018 Dan Wang7 AGCT 113 I FSS(61) vs RS(52) 99.2 months

(range: 20.2–
394.3

months)

No difference in disease-free survival

between the groups who underwent FSS
or radical surgery (P= 0.550). The

pregnancy rate was 86.4% and the live

birth rate was 95%.

Treatment site, FIGO stage,

surgical, completeness of
staging surgery.
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Table 1 (Continued).

Year First Author Tumor
Type

No. of Patients Stage Surgery (No. of
Patients)

Follow-Up
Time

Prognosis Risk Factors

2019 SEBASTIEN

GOUY34
SLCT 23 IA (n = 15), IB1 (n

= 1), IC1 (n = 5), IIB

(n = 1), and IIIC (n
= 1)

FSS vs RSe 17–252

month

We observed eight relapses (stage Ia, n =

2; Ib, n =1; Ic1, n = 3; IIb, n = 1; IIIc, n = 1).

Recurrent disease was found in five and
three patients from the conservative

surgery and radical surgery groups,

respectively.

Stage, tumor differentiation,

presence of heterologous

elements, presence of
a retiform pattern.

2017 Dimitrios

Nasioudis23
MSCSTs 255 IA(n = 195, 76.5%),

IC(n = 43.17%); IB
(1)

FSS (161) vs DS d

(94)

104 months FSS was associated only with a worse long-

term CSS compared with DS.

Larger tumor size.

2017 Brandon-Luke
L. Seagle5

GCT 2680 I–IV (I 1710, II 256 III
235 IV101, NR 358)

Lymphadenectomy,
vs Non-

lymphadenectomy;

USO vs TAH-BSO

Median (IQR)
follow-up

time was 70.3

months
(range: 41.5–

97.7 months)

1) Women without surgical lymph node
evaluation or with positive nodes had

decreased survival compared to women

with pathologically negative lymph nodes.
2) Women who underwent only unilateral

oophorectomy had decreased survival

((HR (95% CI) 1.67 (1.26–2.22),
P < 0.001)).

Older age, more
comorbidities, prior

malignancy, higher stage, poor

differentiation, larger tumor
size, incomplete surgical

staging, residual disease.

2017 Hongyan
Cheng53

MSCSTs Total 72(GCTs,
n = 50)

Stage (I–II)(88.9% (n
=64)), advanced

stage (III–IV)(11.1%

(n = 8))

Lymphadenectomy,
vs Non-

lymphadenectomy

56.1 months
(range: 5–147

months)

The 5- and 10-year overall survival rates
were the same: 94.4% in SCST and 96.0%

in GCT Lymphadenectomy showed no

statistically significant difference in overall
survival of patients with SCSTor GCT (P =

0.734 and 0.079, respectively).

Stage
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2017 Dimitrios
Nasioudis52

MSCSTs 1156 Stage I (62% IA, 1.2%
IB, 18.4% IC, 4.8%

INOS) and Stage II

(2.2% IIA, 7.9% IIB,
2.7% IIC, 0.7%

IINOS)

Lymphadenectomy,
vs Non-

lymphadenectomy

95 months 1) Five-year OS was 89.5% and 88.2% for
patients that did or did not undergo LND,

respectively (p = 0.032 from log-rank and

p =0.114 from Breslow). However, OS was
not statistically different between patients

who did not undergo LND (LND0) and

patients in each one of the LND groups.
2) Five-year cancer-specific survival (CSS)

was similar, 92.7% and 94.7%, for patients

who did or did not undergo LND,
respectively.

3) overall mortality did not differ between

the two groups after controlling for age,
histology and apparent stage.

Age, granulosa histology.

2019 Selçuk
Erkılınç55

AGCT 98 I–III Lymphadenectomy,
vs Non-

lymphadenectomy

(n = 46 and 52,
respectively)

48 months No significant difference was found in
recurrence rates between

lymphadenectomy and non-

lymphadenectomy groups (P = 0.765;
13.5% and 10.5%, respectively).

Number of cellular mitoses
≥5, advanced tumor stage,

tumor size.

2018 A. Bergamini58 AGCTs 223 I Laparoscopic vs
open surgery

81 months The present study suggests that surgical
route does not affect the oncological

safety of patients with stage I AGCT.

Stage IC, incomplete staging
site of primary surgery.

2020 Masato

Yoshihara30
SCSTs 77 (67GCT

10STCT)

I (58%IA 12IC1 5IC2

2IC3)

Uterine-preserving

surgery group and

non-uterine-
preserving surgery

group,

64.1 months 1) This study found that uterine-preserving

surgery did not have any impact on the

survival outcomes. 2) Uterine-preserving
surgery did not significantly affect the site

of tumour recurrence.

\

Notes: aCSS, complete cytoreductive surgery (fertility-sparing surgery with unilateral salpingo-oophorectomy and endometrial curettage or total nonsparing hysterectomy, depending on the initial tumor stage and the menopausal status
of the patient), combined with peritoneal staging surgery (omentectomy, peritoneal cytology, and multiple peritoneal biopsies). PCS: Compliance was partial in the case of complete cytoreductive surgery without peritoneal staging
surgery. NCS: Non-compliance was defined by inadequate surgery according to the tumor stage and the patient’s age. bFSS:Fertility sparing surgery; USO:unilateral oophorectomy, CYS:cystectomy, CYS→USO:cystectomy and
subsequently subjected to unilateral oophorectomy) RS: Hysterectomy and bilateral salpingectomy; cTAH-BSO: Hysterectomy and bilateral salpingectomy; dDS: Definitive surgery: Hysterectomy and bilateral salpingectomy; eFSS:
preservation of the uterus and at least part of one ovary. RS: removal of both adnexa and the uterus, or both adnexa when the patient had a medical history of hysterectomy.
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Table 2 Summary of Recent Case Reports of MSCSTs

Published

Year

First

Author

No. of

Patients

Age,

years

Symptoms Tumor Type Stage Surgery Intraoperative

Findings

Chemotherapy Interval of

Recurrence

Site of Recurrence Treatment

After

Recurrence

Follow-Up and

Status

2021 Man-Hua

Cui60
2 35 Abdominal pain AGCTa IIIC LAPe-USOi Laparoscopic with

power morcellators

None 15 months 4 disseminated niduses

around the LAPe port-

sites, peritoneal turn

over adjacent to the

bladder and left

abdominal wall.

Open abdominal

surgery TAH-

USOg, pelvic

LNDk, significant

omentum

resection, and

appendectomy,

and tumor cell

reduction+ TCm .

No tumor

recurrence was

found during 37

months follow-up.

51 Abdominal pain AGCTa IIIC TAHf and

bilateral

mastectomy

10cm diameter mass

ovary presented 720°

torsion frozen section

during surgery

suggested ovarian

GCTc

One cycle of CTj

(stop because of

severe

myelosuppression

(III degree).

10 months 14.0 cm×9.0 cm×8.0 cm

cystic mass was detected

intraoperatively at the

port-site, upper

abdominal cavity, pelvic

peritoneum, spleen, and

pancreas.

Preoperative 6*

CTj +open

abdominal

surgery the

pelvic mass,

whole spleen,

body and tail of

the pancreas, and

greater omentum

were resected

+3* CTj after

surgery.

The patients were

tumor-free during

33 months follow-up

visit.

2021 Li-juan

Huang10
1 61 Vaginal bleeding SLCTd Unkown Hysteroscopy

followed by

uterine curettage

was performed

(endometrial

polyp with

endometrial

typical

hyperplasia, and

cervical polyp)

+LAP- TAH-

BSOg

Left ovary

3.0cm×2.0 cm×1.0cm

frozen pathology

suggested possibility

of left SCSTp

None / / / The patients were

tumor-free during 9

months follow-up

visit.
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2021 Maya

Yasukawa76
1 49 Unknow AGCTa IC TAH-BSOg TCm 96 months Recurrence in the right

upper quadrant,

a segmental small bowel

resection, and tumor

nodules from the

peritoneal surface of the

right pelvis and

rectosigmoid colon.

Surgery without

CTj
Recurrence after 8

months:

A computed

tomography scan

revealed a 5×2 cm

mass in Morrison’s

pouch and a 2 cm

mass in the pelvis

greater

omentectomy, lesser

omentectomy,

cholecystectomy,

right adrenalectomy

and wedge excision

of liver segments

+HIPECn

(mitomycin C and

doxoru- bicin) was

performed.

2021 Emma

M. Schnuckle

BA11

1 14 Amenorrhea,

worsening facial

acne, and a husky

voice.

Steroid cell

tumors, not

otherwise

specified

I CYS→USOh 3.2 cm × 2.1 cm ×

1.8 cm mass was

found

None / / / A computed

tomography scan 2

years post-surgery

showed no evidence

of recurrence and

she remained

asymptomatic.

Testosterone levels

were normal. The

patient has been lost

to further follow-up.

2020 Marina

Andreetta12
1 5 Isosexual

precocious puberty

(metrorrhagia,

telarche) and a large

abdominopelvic

mass (14×10×16

cm), Inhibin A (538

ng/L) and B (> 977

ng/L), neuron-

specific enolase

(NSE – 87.2 µg/L)

and 17OH-

progesterone (8.7

nmol/L) were

elevated.

JGCTb I Ovariectom+

omentectomy

and incidental

appendectomy

/ / 12 months Right ovary benign

mucinous cystadenoma.

CYSq Two years after

the second surgery,

no recurrence.

(Continued)
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Table 2 (Continued).

Published

Year

First

Author

No. of

Patients

Age,

years

Symptoms Tumor Type Stage Surgery Intraoperative

Findings

Chemotherapy Interval of

Recurrence

Site of Recurrence Treatment

After

Recurrence

Follow-Up and

Status

2020 Ivonete

Siviero13
1 5 Abdominal pain AGCTa IC Laparotomy

USOi

7.5×7.0×5.0 cm mass 4 *CTi / / / With normal tumor

markers (inhibin B)

and serial

ultrasonography

examinations in 2

years of follow-up.

2020 Raffaele

Tinelli62
1 54 / GCTc I LAPe-USOi / / 240 months Smooth surface, brown

colored, structure

developing under the

peritoneum of the

anterior pelvic wall near

the right inguinal canal

was observed. 6 cm cyst,

yellowish-brown, friable

developing under the

right anterior

peritoneum without

a clear cleavage plan from

the adipose tissue was

observed.

Mass was

isolated and

removed+

underwent

a second LAPe -

procedure with

peritoneal

washing, a type

A radical TAHf,

omentectomy,

appendectomy,

and pelvic and

para-aortic LNDk

with the superior

border of the

dissection being

the left renal

vein.

/

2019 Wiktor

Szewczuk14
1 65 Vaginal bleeding for

7 years and a small

ovarian tumor

(2 cm in diameter)

was surprisingly

found on her right

ovary.

AGCTa with

Endometrial

hyperplasia

I Laparoscopically

assisted vaginal

TAHf

Ovarian AGCTa was

diagnosed intra-

operative

/ / / / Patients were free of

disease at 1-year

follow-up.

2019 Sumaira

Qayoom15

1 55 NO menstrual

complaints, solid-

cystic lesion

measuring 93 mm ×

83 mm × 64 mm

was identified in the

left adnexa.

Synchronous

infiltrating LBC

with GCT –

ovary

I USOi The left

oophorectomy

specimen showed

a solid cystic lesion

with a well-defined

solid nodule

measuring 1.5 cm ×

1.0 cm.

5-Fluorouracil,

epidoxorubicin,

and

cyclophosphamide

followed by

taxane.

/ / / Doing fine for

almost a year.
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2019 Sankeerthana

Kamani16
1 15 Amenorrhea,

gradual hair growth

over the face, chest

and back.

SLCTd IA USOi None / / / / Dramatic

improvement in

hirsutism after 6

months.

2019 Helen S. Xu17 1 33 None JGCTb with

Maffucci

syndrome in

pregnancy

IA USOi Peritoneal washing

was negative for

malignant cells.

/ / / / /

2018 Liang Ma18 1 19 Massive ascites JGCTb IC USOi / 6 *CTj with

Nedaplatin and

Paclitaxel

liposome.

/ / / 6 months to date

without recurrence.

2017 Mulat

Adefris19
1 50 Hirsutism and

hyperandrogenemia.

GCTc I TAH-BSOg

resection of the

mass, infracolic

omentectomy,

and right pelvic

lymph node

sampling.

Right ovary measured

5×4 cm. Left ovary

was normal and no

ascites or cul-de-sac

fluid was seen.

5 cycles of BEPo 19 months / / An ultrasound was

done once during

her follow-up and

was normal.

2018 Natasha

Rinn49
1 39 Abdominal pain and

a right ovarian

mass.

AGCTa IIIC CYS→USOh

+staging

laparotomy

including right

USOi,

omentectomy

and stripping of

the pelvic

peritoneum.

Omentum was

a smooth cystic mass

of 2 cm diameter.

None 36 months Peritoneal stripping of

<3mm micropapillary

lesions in the pouch of

Douglas.

LAPe-surgery The patients

conceived

spontaneously and

had a normal

antenatal course,

and delivered

a female infant by

caesarean, 7 years

post initial diagnosis

with no signs of

recurrence.

(Continued)
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Table 2 (Continued).

Published

Year

First

Author

No. of

Patients

Age,

years

Symptoms Tumor Type Stage Surgery Intraoperative

Findings

Chemotherapy Interval of

Recurrence

Site of Recurrence Treatment

After

Recurrence

Follow-Up and

Status

2018 Natasha

Rinn49
1 34 Pelvic ultrasound

incidentally revealed

a 9-cm complex

cystic lesion on her

right ovary.

GCTc IIB LAP-right ovarian

CYS without

rupture →LAPe

FSS-CSl was

performed,

which

demonstrated

the right ovary

adherent to the

ovarian fossa

requiring

peritoneal

stripping of the

right pelvic side

wall, with

salpingo-

ophrectomy and

infra-colic

omentectomy.

Right ovary adherent

to the ovarian fossa

requiring peritoneal

stripping of the right

pelvic side wall.

None / / / The patients became

pregnant

spontaneously and

delivered a female

infant by caesarean.

There was no

evidence of

recurrence at the

time of delivery. She

is currently 18

months post initial

diagnosis with no

signs of recurrence.

2017 Heather

Katz20
1 48 Lower abdominal

pain

GCTc and

adrenocortical

carcinoma and

adenocarcinoma

of the colon

Stage IA GCTc,

a stage II

adrenocortical

carcinoma and

a stage III

adenocarcinoma

of the colon

Laparotomy,

pelvic mass

resection, total

abdominal TAH-

BSOg,bilateral

pelvic, LNDk,

omentectomy.

Pathology revealed

that the left pelvic

mass 19×18×14 cm

GCTc

FOLFOXr* 6

cycles for her

stage III

adenocarcinoma of

the colon and

ultimately received

12 cycles.

/ / / The patient is doing

well and has no sites

of recurrence or

metastatic disease.

2017 Tomomi

Isono21
1 75 None GCTc Unknown Abdominal TAH-

BSOg

/ / 72 months Right diaphragm Right diaphragm

detected by

computed

tomography.

Unknown

Abbreviations: aAGCT, adult granulosa cell tumor; bJGCT, juvenile granulosa cell tumor; cGCT, granulosa cell tumor; dSLCT, Sertoli–Leydig cell tumor; eLAP, laparoscopic; fTAH, total hysterectomy; gTAH-BSO, total hysterectomy and
unilateral or bilateral salpingo-oophorectomy; hCYS→USO, cystectomy followed by unilateral salpingo-oophorectomy; iUSO, unilateral salpingo-oophorectomy; jCT, chemotherapy; kLND, lymphadenectomy; lFSS-CS, fertility sparing
surgery with complete staging; mTC, carboplatin and paclitaxel; nHIPEC, hyperthermic intraperitoneal chemotherapy; oBEP, bleomycin, etoposide, and cisplatin; pSCST, sex-cord stromal tumor; qCYS, cystectomy; rFOLFOX,
5-fluorouracil, leucovorin and oxaliplatin.
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Some other studies suggest that the performance of conservative surgery was not associated with recurrence and
mortality.25–29 One study analyzed 113 patients with stage I AGCT aged less than 50 years, and there was no difference
in DFS between patients who underwent FSS and RS. However, the study analyzed the FSS group separately, and it
showed that the highest recurrence rate was observed in the group of patients treated with CYS-only,7 and this result is
consistent with the results of the MITO study.4 This study also reported that 9 of 14 patients with CYS followed by USO
or USO with staging were found with residual tumor cells in the preserved ovary, and two of them were upstaged. In
patients who underwent CYS, the first episodes of recurrence were all in the ipsilateral ovary that had been preserved.7

This result shows that CYS-only may cause residual tumors and increase the risk of recurrence. A study in 2020 showed
no difference in 10y recurrence-free survival (RFS) and 10-y OS between patients with stage I sex-cord stromal tumor
(SCST) who underwent uterine-preserving surgery with a complete staging procedure and those who underwent
hysterectomy with staging surgery. Also, uterine-preserving surgery had no effect the site of recurrence. Thus, the
study concluded that uterine-preserving surgery may be possible for patients with stage I SCST.30

Some studies propose that FSS is safe for patients who desire fertility. A study shows that patients with non-epithelial
ovarian cancer (NEOC) who underwent FSS have a lower recurrence rate and better 5-year progress-free survival (PFS).
Although SCST accounts for 46.7%, this finding has clinical implications.31 Further research is needed to confirm these
findings.

Different proportions of different surgical procedures, different histologic subtypes, different stages of patients, and
different age distributions could explain why those studies came to different conclusions.

In the above studies, except for the SEER-based study in 2017 and the study that analyzed the prognosis effect of
uterine-preserving surgery in 2020, all other studies are focused on patients with GCT, especially AGCT. However, the
histologic subtype may be associated with prognosis. Some studies said patients with GCT disease had better OS and
cancer-specific survival than those with SLCT.32,33 Due to its rarity, few small sample size studies have been conducted
to study the prognosis of patients with SLCT in recent years A retrospective study analyzed 23 patients with SLCT. It
concluded that FSS was safe and effective for stage IA disease, but still controversial for stage IC patients.34 However,
the study’s sample size is too small, and the conclusion has little reference value.

The prognosis of patients varies at different stages. Except for the NCDB-based study, all other studies are focused on
patients with stage I. Therefore, whether FSS is safe in patients with the advanced-stage disease is unclear. There are no
large sample studies because of the low incidence rate of advanced-stage patients. However, the oncological and fertility
outcomes of patients with advanced-stage disease are still optimistic in some reported cases. A patient with stage IIIC
AGCT and mobilized omentum underwent USO and staging surgery, was conceived spontaneously and delivered via
cesarean with no signs of recurrence 7 years after initial diagnosis. Another patient with stage IIB AGCT with pelvic
peritoneum mobilized underwent CYS and complete staging, was also pregnant spontaneously and delivered an infant
with no signs of recurrence 18 months post initial diagnosis (23).

FSS could be considered for young women with a high stage of juvenile granulosa cell tumor (JGCT). One patient
with IIIB stage JGCT who underwent USO, omentectomy, and debulking surgery relapsed 55 months after the first
optimal surgery. The patients underwent second debulking surgery as well as carboplatin and paclitaxel chemotherapy
had no relapses in the 30-month follow-up period (24). Although the prognosis of those advanced-stage patients after
conservative surgery is optimistic, surgical management of the advanced-stage disease should be decided in
a multidisciplinary team (MDT) decision-making setting.35

According to a recent review, there have been 48 reported cases of gestational MSCST up to 2017.22 SCST accounts
for approximately 10–20% of ovarian malignancies diagnosed during pregnancy,36 with JGCT and SLCT being the most
common identified subtypes.22 However, the majority of the patients exhibit no evident symptoms except when the tumor
ruptures, and the majority of the ovarian tumors during pregnancy clinically present as a pelvic mass. Moreover, surgery
during pregnancy is certainly associated with several risks; more than 90% of them are diagnosed with early-stage
disease.

Thus, the management of ovarian tumors in pregnancy is challenging because of the fear of compromised fetal health
and cancer risk. In general, surgical management prevails in the second trimester of pregnancy if tumor malignancy is
suspected or when tumor size range from 6 cm to 8 cm and have a significantly higher risk of torsion37,38. Taking into
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account the favorable prognosis of stage I patients, the fertility-sparing surgical approach with optimal staging is
recommended. Adnexectomy instead of cystectomy is preferred to avoid cyst rupture. A staging procedure is proposed
when there is a high suspicion of invasive cancer.36 According to this review, the majority of cases underwent USO
(80.4%).36 According to a recent review, treatment was delayed for retention of pregnancy in 95.2% of the patients;
nevertheless, serious adverse events occurred in a total of 40% of the cases including shock/hemoperitoneum (13.0%),
recurrence during pregnancy (8.7%), rapid tumor progression (2.2%), IUGR (8.3%), maternal and/or neonatal death, and
fetal loss (6.3%) after surgery.22 However, those adverse outcomes were found entirely in patients with risk factors such
as higher stage and older age. The fertility outcomes are generally good; the majority of patients achieve preservation of
the fetus (60.9%–77%).22,36 The five-year overall OS is about 89.3%. The outcomes were excellent in patients with stage
I, with 5-year survival rates totaling 100%, but advanced stages (II–IV) were associated with decreased OS (5-year OS,
stages II–IV versus stage I, 70% versus 100%, p = 0.008). Any serious adverse events during pregnancy were associated
with a marginally decreased survival (5-year overall survival rate, yes versus no, 80.6% versus 100%, p = 0.077).36 In
summary, USO and complete staging procedure are feasible. The existing studies on the treatment show overall favorable
fetal outcomes and OS; however, long-term data on children exposed to this treatment is needed to understand the
downstream effects of the treatments, and multidisciplinary strategy to manage pregnancy complicated by MOSCT must
be implemented.

Oncological Prognosis: Impact of Complete Staging Procedure
By summarizing the studies mentioned above, USO-only can be considered as a safe surgical procedure among fertility-
desired patients with an early stage. However, current guidelines suggest that complete staging procedure should be done
regardless of whether or not FSS is performed,35,39 but it is still unclear that whether complete staging procedure can
improve the prognosis.

Several studies have addressed the effect of complete staging procedure on the prognosis. Complete staging
procedure, including peritoneal washing, inspections of peritoneal surfaces, random oriented multiple biopsies, and
omentectomy, seems to be crucial in managing this tumor.7,40

Some studies suggest that incomplete staging gave significantly worse DFS and complete staging procedure needs to
be performed in presumed early-stage GCT. In a retrospective study, stage I GCT patients who did not undergo staging
surgery had poor DFS (HR 3.777 (1.409–10.123), P = 0.008). Significant differences in DFS were found between the
patients who underwent USO and those who underwent USO with staging when women who underwent FSS were
analyzed separately.7 The MITO study analyzed patients with stage IC GCT and drew a similar conclusion that
incomplete staging surgery has a significant risk predictive value for recurrence (RR = 2.19, P = 0.01).29 Another
retrospective study separately analyzing GCT patients with early-stage (stage I–II) and advanced-stage (stage III–IV)
found that 5-y DFS is better in stage I–II patients who underwent complete staging surgery group (100% vs 94%, P =
0.037). However, this study cannot analyze the impact of complete staging procedure on the recurrence of advanced-
stage patients because all those patients underwent CSS.41 Some studies suggest that for JGCT patients with high-risk
factors such as germline PTEN and p53 overexpression, those who underwent USO with complete staging surgery may
have a better prognosis than those who underwent USO only. However, only eight patients were included in the study due
to the rarity of JGCT. More large-sample studies are needed to confirm these findings.42 Moreover, others reported that
P53 overexpression is not associated with outcome,43 implying that more research is required.

Some authors hypothesized that patients who did not receive complete staging procedure may be due to unidentified
occult metastatic disease and omitted chemotherapy in patients with risk factors.7 However, a negative resection margin
could be achieved if the tumor-free principle is followed during operations. Chemotherapy’s ability to improve survival is
still debatable Furthermore, whether chemotherapy should be administered is not entirely determined by stage, and risk
factors can be determined by preoperative evaluation and pathological reports.

Additionally, most of the isolated tumor recurrences can be effectively treated with complete tumor debulking if this
procedure is possible, whereas the timely administration of chemotherapy or radiotherapy can effectively improve the
survival of these patients.44 Besides, complete staging procedure may cause pelvic adhesion, which may diminish the rate
of reproductive success and affect patients’ quality of life.45
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Moreover, some studies assumed that complete staging procedure could not improve the prognosis. In the TMRG and
GINECO group studies, there were no significant differences in PFS, OS, and median survival time between patients with
totally complete staging procedure and partially complete staging procedure in patients with GCT.46

However, the existing studies have focused on patients with early-stage GCT. Future research is needed to analyze the
role of complete staging procedure in patients with advanced-stage and other tumor subtypes.

Restaging Surgery and Secondary Surgery
However, some studies have found that tumors can recur in residual ovary tissue,47 and proper staging may allow better
postoperative adjuvant treatment for the patients. Thus, some studies suggest that when childbearing is complete or those
patients not wishing for immediate pregnancy or women with a higher stage of disease and postmenopausal women,
TAH-BSO or restaging surgery may be warranted.40,48,49 Furthermore, some studies emphasized the importance of
secondary staging. A study showed that surgical restaging seems to upstage a considerable number of GCT, mainly in the
initial stage IC group of patients (34.5%).40 And patients with stage II or higher-stage disease had only microscopic
extra-ovarian disease,24 which is difficult to estimate preoperatively. For example, a young patient with SLCT underwent
FSS, and a tumor in the contralateral ovary was detected after subsequent complete staging surgery. A postmenopausal
patient underwent a conservative surgical procedure and then underwent surgery for endometrial cancer, and the ovarian
tumor was diagnosed at pathology.50

However, some studies suggested that the DSS and PFS of patients who underwent restaging surgery were similar to those
who underwent observation only.27 The recurrence rates ranged from 9.8% to 27.4% in women who had FSS,51 the majority
of patients did not require re-operation. Besides, the prognosis of secondary surgery plus chemotherapy after recurrence was
good. The median time to the first relapse was 7.4 years, and 75% of relapses occurred about 10 years after initial diagnosis.47

Thus, life-long and close follow-up is essential. Delaying radical surgery until recurrence might be a choice.

Lymphadenectomy
Some studies reported that the lymph node metastasis rate was very low in MOSCST patients who underwent
lymphadenectomy (range: 0–10.1%).27,41,52–54 Another study said the lymph node metastasis rate was higher in patients
with higher stage, and lymph node disease was detected among 23.3% and 26.9% of the women with stage III or IV
disease, respectively.5 Although the NCCN guideline recognizes that lymphadenectomy can be excluded if there are no
suspicious lymph nodes intraoperative, and the effect of lymphadenectomy on prognosis is still unclear.

A retrospective study indicated that complete lymphadenectomy may decrease the lymphatic recurrence rate and may
provide tumoral debulking, because 76% of 158 AGCT patients underwent staging surgery, including lymphadenectomy.
The total recurrence rate (12.5%) of these patients was lower than the recurrence rate of patients in other studies.27

However, the clinicopathological characteristics of patients in different studies are heterogeneous, and recurrence is
affected by numerous factors. Thus, the simple difference in recurrence rates could not explain the significance of
lymphadenectomy. Another research also recommended lymphadenectomy among patients with GCT because patients
with positive nodes or without surgical lymph node evaluation had lessened survival compared to those with patholo-
gically negative lymph nodes. However, lymphadenectomy was only reported for 50.4% (1350/2680) of patients, and
only 3.1% (42/1350) of patients had positive lymph nodes.5 Some studies said 5-y OS was better for patients that did
undergo lymphadenectomy compared with those who did not in early-stage (stage I–II) MOSCST patients (89.5% vs
88.2%, P = 0.032),52 while 5-y OS was not different between patients who did not undergo lymphadenectomy and
patients in each one of the lymphadenectomy groups separated according to the number of dissected lymph nodes.
Moreover, 5-y cancer-specific survival did not fluctuate between the two groups after controlling for age, histology, and
apparent stage.52

Several studies found that lymphadenectomy was not a prognostic factor both for DFS and OS.26,27,53,55 A Meta-
analysis estimated pooled OR of lymphadenectomy was 0.87 (95% CI, 0.57–1.31).53 Some studies found that lack of
lymphadenectomy was significantly more common among patients with recurrence. However, lymphadenectomy was not
associated with diminished recurrence rate and better survival in stage I AGCT.47
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The significance of lymphadenectomy is not only to stage the tumor but also to reduce the tumor burden. Whether
lymphadenectomy can help to lower the tumor burden depends on the patterns of metastasis. Some studies show that
patterns of metastasis and the recurrence mechanism of MOSCSTs are spread either by a surface or hematogenous route
instead of by a primary lymphatic spread. In a study, only 6 of 117 (5%) patients had nodal involvement at the time of
initial disease recurrence, while three of these six patients had no nodal involvement, and five of the six patients had
multiple sites of metastatic disease.48 Another study showed that most nodal recurrences in patients with AGCT appear in
a multifocal pattern.56 Thus, such recurrence may signify secondary spread of the tumor in other organs by surface
spillage or hematogenous route rather than lymphatic spread or late growth of tumor cells present in nodal tissue. The
rarity of lymphatic spread raises many questions, and further study will be required to understand the tumor biology and
metastasis rate of MOSCSTs.48

Moreover, lymphadenectomy has many complications, such as lymphocytes, lymphangitis, edema of the legs, nerve
and vessel injury, ureter and Intestinal injury, decreased hemoglobin level, constipation, increased wound infection, and
chronic pelvic pain.

In conclusion, lymphadenectomy can be omitted if there are no suspicious lymph nodes preoperative or intraopera-
tive. If lymph nodes are dissected, LODDS may be a more powerful predictor of survival than LNR.57 A study found that
LODDS >0.5 was associated with a poorer prognosis; thus, for those patients with LODDS >0.5, more aggressive
treatment and shorter follow-up intervals were recommended.32

Surgical Route Selection
Open surgery has long been considered the traditional surgical procedure. However, minimally invasive surgery in the
direction of surgery is associated with reduced morbidity and hospitalization.58 Additionally, minimally invasive surgery
in Gynecologic malignancies permits earlier administration of adjuvant therapy than traditional open surgery
procedures.29 Thus, laparoscopic surgery has widely replaced the traditional open approach to such ovarian
malignancies.58

The MITO-9 study suggests no difference in DFS and OS between laparoscopic and open approaches among patients
with stage I AGCT,58 and another study contributed to similar conclusion.3

Laparoscopic surgery is also feasible and efficient for restaging surgery, and there was no statistically significant
difference between laparoscopy and open-surgery in terms of percentage of upstaged patients who underwent safer
restaging surgery.40

However, some other studies said that minimally invasive surgery might be associated with a higher incidence of
intraoperative tumor rupture and less thorough surgical staging.58 Moreover, CO2 gas in the abdomen would be
discharged through the port-site, which provides an prospect for tumor fragments to accumulate.58–60 Protection
measures can reduce those risks to some degree. Firstly, using an endo-bag container can effectively reduce this
risk.58,60 Another study found that laparoscopy is comparable to the open approach for GCT with a size limit of 5–
6 cm if the spillage is avoided by using a sterile plastic bag.61,62 Furthermore, some authors proposed that transvaginal
natural orifice transluminal endoscopic surgery, such as surgery through the Douglas pouch may provide better cosmetic
results and improve patient comfort.59 However, the safety of this surgical procedure for patients with malignant ovarian
tumors needs to be further examined and explored. Gynecologists should comply with the tumor-free principle during
surgery regardless of laparoscopic surgery and transabdominal surgery,63 and evaluation can be done according to
Suidan‘s CT scores and Fagotti scores. A laparotomy should be done in addition to laparoscopy to avoid the spilling of
tumors, especially in cases of larger masses.

For patients during pregnancy, surgical procedures can be performed by either laparotomy or laparoscopy, and some
observational studies suggest that laparoscopic management of adnexal masses during pregnancy is related to a reduced
risk of pregnancy complications.22 However, there is no available prospective evidence to evaluate these strategies during
pregnancy.

In the case of MSCSTs, effective assessment modality, as well as efficacy and safety of minimally invasive surgery
require further evaluation.
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Fertility Outcomes
Accurate conception rates and live birth rates after FSS remains ambiguous. There are also many factors influencing
fertility, such as postoperative adhesions and psychosocial factors.45 Moreover, reported conception rates may be
artificially low, because many of these studies do not distinguish between women who were unable to conceive and
those who decided against attempting pregnancy but were unable to conceive. Among women with GCT who underwent
FSS, pregnancy rates were only 10%.5 A multicenter retrospective study showed that the pregnancy rate was about
16.7% among AGCT patients and about 36.4% among JGCT patients.28

However, some other studies suggest that the pregnancy outcomes are optimistic. In a systematic review, pregnancy
and live birth rates are encouraging in non-epithelial ovarian carcinoma (NEOC). The pregnancy rate varied from 50% to
93%, and the live birth rate ranged from 65% to 95%.64 And another study found that the pregnancy rate was 86.4% and
the live birth rate was 95% among 22 stage I GCT patients desiring pregnancy, even those who received adjuvant
chemotherapy.7

Pregnancy or even delivery may not affect recurrence or death.65 Some studies even suggest that the suppression of
follicle-stimulating hormone (FSH) noticed in pregnancy, which causes downregulation of granulosa cells, would
improve the prognosis of patients with GCT.49 The study also suggested that oral contraceptives (OCP) can also suppress
FSH; thus, OCP can be used in those patients not wishing for immediate pregnancy.49 However, its effectiveness and
safety require further research.

IVF therapy is necessary in some cases. Ovaries containing GCT respond to gonadotropin stimulation and may cause the
contralateral ovary with intra-ovarian tumor volume to increase during therapy. Thus, local tumor residue should be avoided.

Premenopausal patients might suffer from menopausal symptoms after radical surgery. Hormone replacement therapy
(HRT) may reduce the risk of the progression of GCT.47 Moreover, no study has demonstrated a deleterious effect of
menopausal HRT.66 Thus, there is no need to limit postmenopausal HRT use for patients with treated AGCT, and further
studies are needed.

To sum up, fertility outcomes are relatively optimistic, although affected by many confounders. Pregnancy or even
delivery may not affect recurrence or death, and tumor residue should be avoided before IVF-ET. OCP can be used in
patients who do not have recent fertility requirements. HRT may be feasible to manage patients with menopausal
symptoms after completing surgery. Further research is necessary to evaluate the effectiveness and safety of these
therapies.

Endometrial Evaluation
Moreover, 12.50–26.2% of the GCT patients had simple hyperplasia.25,67 Approximately 5% of AGCT patients had
complex hyperplasia with or without atypia, and 1–25.5% had adenocarcinoma.25,68,69 Therefore, all fertility preservation
patients with GCT should have a thorough endometrial evaluation, especially in patients older than 40 years old and with
symptoms like abnormal uterine bleeding.67,68

Chemotherapy
Some studies suggest that chemotherapy can improve the survival of patients with MOSCSTs. A study based on the
NCDB shows that patients with stages III–IV malignant non-GC SCST who received chemotherapy had a longer
median overall survival time.70 However, NCDB does not collect information on tumor recurrence and the cause of
death; thus, this study could not analyze differences in relapse, PFS, and cancer-specific survival. Besides, information
on residual disease, a crucial prognosis factor, especially for advanced-stage patients, is also incomplete. Furthermore,
no benefit of chemotherapy was demonstrated in a previous analysis of the NCDB, for patients with stage III–IV
granulosa cell tumors.5 Thus, the efficacy of chemotherapy on patients with advanced-stage disease needs further
verification.

Several studies found that chemotherapy has no effect on prognosis. Chemotherapy had no discernible benefit in
terms of overall survival for patients with stage I–II malignant non-GC SCST, even in those with grade III tumor.70

Another study showed no significant difference in OS between the two groups in patients with stage II–IV SCST.52
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A retrospective study showed that chemotherapy was not associated with improved DFS in patients with stage IC
AGCT,71 which was consistent with the findings of the study in MITO centers.29

A recent study that analyzed postoperative SCST patients from the SEER database revealed that chemotherapy had
a reverse effect on OS. Analysis stratified by stage found that stages IA and IB patients who received chemotherapy had
poor OS, while OS showed no significant difference in patients with other stages.72 This deleterious effect of
chemotherapy may be due to ineffective chemotherapeutic regimens, side effects, and individual differences in patients’
tolerance to chemotherapy. The unfavorable results of chemotherapy indicate the need for further exploration.

The majority of studies concluded that the number of chemotherapy cycles had no effect on recurrence,71 but one
study suggests that at least six cycles of bleomycin, etoposide, and cisplatin (BEP) chemotherapy after optimal
cytoreduction may be the best treatment for patients with stage III–IV GCT.41 However, it is difficult to make any
reliable prognosis evaluation according to different chemotherapy regimens.73 The BEP regimen is currently the most
widely used for NEOC. However, given that serious pulmonary toxicity and even death have been reported in GCT
patients in association with high-dose bleomycin.74 The Gynecologic Oncology Group is currently recruiting women
with advanced or recurrent ovarian granulosa cell-tumor for a randomized Phase II trial of carboplatin-paclitaxel
compared to BEP, with a primary outcome of progression-free survival (NCT01042522). The expectation is that
treatment with carboplatin and paclitaxel will be associated with reduced toxicity and similar progression-free survival
compared to treatment with BEP.

For pregnant women with MOSCSTs, indications for adjuvant chemotherapy are the same as for nonpregnant
patients,38 and systemic chemotherapy is not administered in the first trimester to avoid miscarriage and congenital
malformations. Paclitaxel–carboplatin or cisplatin–vinblastine–bleomycin (PVB) chemotherapy with reduced toxicity is
more appropriate than BEP.38 A review shows that the combination of cisplatin/cyclophosphamide with or without
epirubicin was the treatment of choice in most cases.22 The existing studies on chemotherapy demonstrate overall
favorable fetal outcomes. Nevertheless, long-term data on children exposed to chemotherapy is needed to understand the
downstream effects.

Further research into postoperative adjuvant chemotherapy and its efficacy is needed.

Treatment for Recurrence Patients
Multifocal disease at first recurrence and incomplete resection of recurrence disease were associated with diminished OS.
Thus, surgery should be the mainstay of treatment for patients with recurrence, with the aim of no residual disease.75

Some authors suggest that cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC) can be
an efficient therapeutic option for women with recurrent GCT.76 Isolated case reports and small case studies suggest that
chemotherapy can achieve long-term remission in patients with recurrent JGCT.77

Besides, anti-angiogenic treatment, hormonal therapy, and targeted therapy have a certain therapeutic efficacy in
patients with relapse. Vascular endothelial growth factor (VEGF) expression is common in GCT. Some studies say that
bevacizumab is an active agent in recurrent SCST combined with other agents. The authors reported a 16.7% response
rate and a median PFS of 9.3 months (95% CI 4.1–15 months) in the 36 patients accrued.78 However, bevacizumab
should be avoided during pregnancy, because of insufficient evidence regarding its use during pregnancy.38

Despite limited available data, hormone therapy appears to be a useful alternative treatment for patients with
advanced-stage or recurrent AGCTs. A study showed that 18% of the patients had an objective response to HT.79

Another author pool-analyzed the results of all case reports and case series and found an objective response rate of 71%
HT in patients with an ovarian GCT.80 The treatment modalities have incorporated medroxyprogesterone acetate (MPA)
(a synthetic progestogen), megestrol acetate (a steroidal progestin), a selective estrogen receptor modulator (SERM),
diethylstilbestrol (DES) (a synthetic nonsteroidal estrogen), gonadotropin-releasing hormone agonist (GnRH-a) and
aromatase inhibitors (AIs), etc.81,82 Patients had prolonged remissions (14–42 months) after being treated with high
doses of MPA. Sequential therapy may prolong the anti-proliferative effects of progestin by promoting regeneration and
stimulation of progesterone receptors.81 A review suggests that AIs as well as MPA, megestrol acetate alternating with
tamoxifen, and DES had a 100% response rate.80 Some studies also recommend GnRH-a for ovarian function protection
during chemotherapy, although the efficacy of GnRH-a for the prevention of ovarian toxicity is still controversial.83 AIs
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identified by far the most effective agents,80 and the use of anastrozole and letrozole resulted in remissions ranging from
12 to 54 months.82 In a recent multicentre phase II PARAGON trial (ANZGOG-0903), the role of AIs for relapsed
granulosa cell tumors is being assessed.44 A pre-clinical study investigating a panel of tyrosine kinase inhibitors (TKIs)
in two human granulosa cell lines demonstrated dose-dependent inhibition with the multi-targeted TKI, sorafenib, but not
sunitinib or an RAF-1 kinase inhibitor. The authors suggested that v-RAF murine sarcoma viral oncogene homolog B1
(BRAF) inhibition may represent an additional useful strategy in the treatment of GCT.84 Clinical investigation of
sorafenib or possibly a more potent BRAF inhibitor, such as vemurafenib or dabrafenib, should be warranted.

Prognosis Factors
Stage is currently the widest approved prognostic factor.3,26,27,52,55,85 A study said that in stage IC patients, significantly
more recurrences occurred in patients lacking staging surgery or adjuvant chemotherapy and that these patients might
benefit from a more aggressive initial treatment approach.47

In some studies, younger age may be associated with better OS,5,32,52 and DFS.27 GCT patients <50 years old had
a 9% survival advantage over their older cofounders.3 Another study shows that people older than 60 years were the risk
factors that remained significant.26 Thus, some studies suggest that older patients should also be treated intensively if
their physical condition allows them to improve their survival status.32 Those different results may be attributed to the
heterogeneous populations and different cut-offs; thus, these factors need to be further elucidated. Menopausal status may
also be associated with recurrence.25,27 However, some studies show that younger age and premenopausal status at the
time of primary diagnosis increase the risk for recurrence.47 These controversial conclusions may be attributed to the
following reasons: First, menstrual status is associated with age, which is a prognosis factor. Besides, where estrogen
levels are higher in premenopausal females, the risk of recurrence may be higher than that of patients with menopausal
status. Moreover, these premenopausal women are often treated with FSS.

Tumor size is also a prognosis factor. Each one-centimeter increase in tumor size was associated with a 4% (2–6%)
increased risk of death in women with stage I GCT.5,24 Some studies found that all the patients with tumors smaller than
7 cm had no tumor recurrence.24 Some studies suggest that tumors larger than 10 cm may be a risk factor for cancer-
specific survival.5,26,32 However, no survival benefit was observed for the TAH-BSO in women with tumors greater than
10 cm.23 A reason for this poor prognosis may be the biological characteristics of large tumors. However, some studies
show that tumor diameter was not associated with recurrence. In some studies, there was no difference in 5-y DFS
between patients with tumors larger than 10 cm and those with tumors less than 10 cm.85 Further studies should be
required to evaluate risk factors in patients with large tumors.

Patients with CA125 negative had a better 10-year OS than those with CA125 positive.32 Ovarian tumors character-
ized by hyperandrogenemia might predict a better prognosis.86

The residual tumor may be associated with an increased risk of death,5 but some studies suggest that after accounting
for stage and age at diagnosis in a study of GCT, this finding was no longer relevant in multivariate analysis.3,26,67

Another study did not find any impact on the survival of postoperative residual disease.85 Cyst rupture is a strong
predictive factor for recurrence.27,47 However, there was no difference between the patients having a spontaneous or
iatrogenic cyst rupture in terms of recurrence.25 In contrast, some studies believe that tumor rupture has no impact on
survival.85 The presence of ascites, but the volume of the ascites was not associated with recurrence.27

According to some studies, GCT has a better OS than non-GCT.52 Prognosis also depends on tumor
differentiation.5,25,27 Recurrence was associated with the presence of heterologous elements and a retiform pattern,87

a poorly differentiated tumor.27 The number of cellular mitoses ≥5 was independent of the poor prognostic factor for DFS
and OS.55 SCST patients who have the TERT mutation, have more aggressive disease and worse overall survival. Ollier
disease and Maffucci syndrome are associated with an increased risk of JGCTs. More comorbidities were associated with
an increased risk of death.5

Undergoing Study
Only seven undergoing studies are about MOSCST registered in the US Clinical Trials Database, and six of those studied
are about adjuvant chemotherapy and other targeted therapies for advanced or disseminated tumors. A study assessing the
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quality of life and the late sequelae of chemotherapy is in process. No ongoing studies are investigating the impact of
different surgical procedures on the prognosis of patients with MOSCSTs.

Conclusion
In summary, USO-only seems to be feasible in patients with early-stage MOSCSTs, while CYS-only is avoided. FSS with
staging seems to be safe and effective in patients with advanced-stage disease, and the decision on surgery of an advanced-
stage tumor should be taken in an MDT decision-making setting. Complete staging procedure can be omitted in early-stage
patients without risk factors on the basis of perfect preoperative evaluation and the tumor-free principle. Long-term follow-
up is essential. Delaying radical surgery until recurrence might be a choice. Lymphadenectomy can be omitted if there are
no suspicious lymph nodes preoperative or intraoperative. Endometrial evaluation should be done on patients older than 40
years old and on patients with symptoms. Laparoscopic surgery is feasible and efficient if the tumor-free principle during
surgery should be complied with other subtypes of this tumor. Currently, there is limited research available on advanced-
stage diseases. The effects of chemotherapy, targeted treatment, and hormonal therapy are still controversial. Multicenter,
large randomized trials, or reanalysis of these questions with another very large cohort are needed.
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