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Simple Summary: Adult granulosa cell tumors (aGCTs) are a rare subtype of ovarian cancer. First
choice of treatment is surgery; when this is not possible, chemotherapy and anti-hormonal therapy
are often used. There is limited evidence on the effect of systemic therapy in aGCT. The aim
of our systematic review is to provide an overview of the response to chemotherapy and anti-
hormonal therapy in patients with aGCT. We found very few articles reporting the response to
chemotherapy and anti-hormonal therapy in only aGCT. The available data showed a moderate
response to chemotherapy and anti-hormonal therapy, but if patients who achieve stable disease are
also taken into account, the response is higher. This may mean that surgery can be postponed for a
longer period of time.

Abstract: For adult granulosa cell tumors (aGCTs), the preferred treatment modality is surgery.
Chemotherapy and anti-hormonal therapy are also frequently used in patients with recurrent aGCT.
We aimed to review the existing literature on the response to chemotherapy and anti-hormonal
therapy in patients with aGCT. Embase and MEDLINE were searched from inception to November
2021 for eligible studies. Objective response rate (ORR) was calculated as the total number of cases
with a complete response (CR) or a partial response (PR). Disease control rate (DCR) was defined as
the sum of cases with CR, PR or stable disease (SD). A total of 10 studies were included that reported
on chemotherapy and 13 studies were included that reported on anti-hormonal therapy. The response
rates of the 56 chemotherapy regimens that could be evaluated resulted in an ORR of 30% and DCR
of 58%. For anti-hormonal therapy, the results of 73 regimens led to an ORR of 11% and a DCR of 66%.
Evidence on systemic therapy in aGCT only is limited. For both chemotherapy and anti-hormonal
therapy, the ORR is limited, but the response is considerably higher when patients achieving SD are
included. New approaches are needed to provide more evidence and standardize treatment in aGCT.

Keywords: ovarian cancer; granulosa cell tumor; systemic therapy; chemotherapy; anti-hormonal
therapy; systematic review

1. Introduction

Granulosa cell tumors (GCT) of the ovary belong to the rare subgroup of sex cord-
stromal cell tumors (SCST), representing 2–3% of all ovarian cancers [1]. The vast majority is
of the adult type (aGCT), while the juvenile subtype accounts for 5% of GCTs. In contrast to
the juvenile type, the adult type usually presents in the sixth decade and harbors a FOXL2
somatic mutation in 97% of cases [1–3]. Typically, aGCT patients present with complaints
of postmenopausal bleeding or abdominal pain, with ultrasound examination showing
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an adnexal mass as well as endometrial thickening in a subset of patients. In most cases
however, the diagnosis of aGCT is only made postoperatively following surgical removal
of an ovarian tumor. Although 5-year survival rates are generally favorable, recurrent
disease is seen in approximately 50% of aGCT patients and survival rates decline to 66.8%
at 20 years [4]. Surgery is the preferred treatment for primary as well as recurrent aGCT.
Patients with recurrent disease often develop multiple relapses, requiring repeated debulk-
ing surgery with significant morbidity. When surgery is not a viable option, alternative
treatment options include chemotherapy and anti-hormonal therapy. Current guidelines
recommend a treatment with bleomycin, etoposide and cisplatin (BEP) or carboplatin and
paclitaxel (CP) as the gold standard for inoperable recurrent SCST [5–7].

These guidelines however, are supported by limited evidence and are primarily based
on studies in SCST [8–12] or studies performed in both juvenile and adult type GCT [13,14].
Treatment regimens for juvenile GCT differ because preserving fertility plays an important
role in its treatment. Treatment responses in other SCSTs, for example Sertoli–Leydig
tumors, cannot be compared one on one to aGCT, as for these tumors, systemic therapy is
rarely necessary in a non-adjuvant setting [15].

Previously, Van Meurs, et al. [16] reviewed the existing literature on chemotherapy in
GCT, including granulosa theca cell tumors and possibly juvenile GCT or unclassified SCST
as well. Their review showed a response rate of 50% (95% confidence interval, 44–57%)
for chemotherapy. They concluded that available data were limited and the quality of the
reviewed studies was poor due to a lack of standardized response evaluation.

The use of chemotherapy can be limited by side effects of the recommended regimens.
Treatment with BEP is known for its bleomycin-induced pulmonary injury and its toxi-
city, especially in elderly patients [17]. Treatment with CP can lead to hair loss, sensory
neuropathy and dose-dependent bone marrow suppression [18]. As in other cancers, side
effects must be weighed against the response to palliative chemotherapy.

Anti-hormonal therapy represents an alternative therapeutic strategy for recurrent
aGCT. Granulosa cells produce hormones such as estradiol, inhibin and anti-Müllerian
hormone, which are used as tumor markers for aGCT [1,19]. Anti-hormonal therapy is
frequently used when the tumor is positive for the estrogen receptor (ER) or progesterone
receptor (PR). Two previous studies found that ER and PR were positive in 32–66% and
98–100% of aGCTs, respectively [20,21]. Anti-hormonal therapy is generally better tolerated
than chemotherapy and can be administered over a prolonged period. The response to
anti-hormonal therapy in aGCT has been evaluated in a previous systematic review that
also included juvenile GCT, gynandroblastoma and granulosa theca cell tumors [22]. The
authors suggested that anti-hormonal therapy could be a first-line treatment for a subset
of patients, based on tumor hormone receptor status. Overall, they concluded that study
quality is poor and limited data are available [22].

The preference for either chemotherapy or anti-hormonal therapy varies widely among
practitioners. This large variation in systemic therapies is maintained by the current
guidelines, lacking evidence for the use of systemic therapy in aGCT alone. In order to
reliably assess the response to chemotherapy and anti-hormonal therapy in aGCT, available
data should not be mixed with results in other SCST subtypes. With this systematic review,
we aim to provide an overview of the existing literature on the response rates of both
chemotherapy and anti-hormonal therapy in aGCT only.

2. Materials and Methods

This systematic review is registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO ID CRD42022241611) and was performed in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [23,24].

Existing literature on systemic treatment in aGCT was searched in Embase and
MEDLINE through PubMed from inception to 9 November 2021. We used the follow-
ing search terms: “sex cord-stromal tumor”, “granulosa cell tumor”, “chemotherapy” or
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“anti-hormonal therapy”, with synonyms, alternative spellings and abbreviations of these
terms. The detailed search strategy can be found in Appendix A. References of relevant
articles were screened for additional studies.

2.1. Study Selection

Titles and abstracts were screened for relevance by two reviewers (J.W.G. and G.J.B.)
independently. Potentially relevant studies were retrieved for full-text review. Studies
were screened using Rayyan, a web application for filtering eligible articles [25]. Studies
were included if they met the preset criteria: English language, histology of adult GCT and
evaluation of treatment response based on CT or MRI imaging. Response criteria had to
be described or dimensions of the tumor locations had to be noted exactly over time to be
included. When studies investigated systemic therapy in several SCST or GCT subtypes
but response for aGCT cases was separately reported, those cases were included. Studies
on treatment in an adjuvant setting and narrative reviews were excluded. Disagreements
between reviewers were resolved by discussion and consensus.

2.2. Data Extraction

The following variables from each included study on the use of chemotherapy were
extracted: first author, year of publication, study period, study design, number of patients
with aGCT, age at inclusion, previous treatments, FIGO stage at diagnosis, number of
chemotherapy regimens, dose and type of chemotherapy, side effects, dimensions of tumor
locations or reported response defined by World Health Organization (WHO) criteria or
Response Evaluation Criteria in Solid Tumors (RECIST) criteria, PFS, overall survival (OS),
follow-up time (FU) and disease status.

The following data were extracted from the studies reporting on anti-hormonal ther-
apy: first author, year of publication, study period, study design, number of patients with
aGCT, age at inclusion, previous treatments, FIGO stage at diagnosis, dose and type of
anti-hormonal therapy, side effects, dimensions of tumor locations or reported response
defined by World Health Organization (WHO) criteria or Response Evaluation Criteria in
Solid Tumors (RECIST) criteria, PFS, OS, FU and disease status.

Study period was defined as the period wherein the study cohort was collected; for
case reports, the study period was the period during which chemotherapy or anti-hormonal
therapy was administered. Previous treatments were defined as any treatment for primary
or recurrent aGCT prior to the study treatment.

Our primary outcome is the response, defined following the RECIST criteria; if re-
sponse was not specified, the authors of this article calculated the response themselves
using the dimensions of the tumor locations [26]. Secondary outcomes are the objective
response rate (ORR) and the disease control rate (DCR). The ORR was calculated, using the
response as reported, as the sum of cases with complete response (CR) or partial response
(PR) and was defined as the percentage of patients whose tumor burden decreases over a
certain time period. The DCR was calculated as the sum of CR, PR or stable disease (SD)
cases and was defined as the percentage of patients whose tumor burden decreases or
remains stable over a certain time period. Both ORR and DCR were calculated to also assess
the response rates when including patients with SD, as achieving SD may be relevant in the
treatment of aGCT. Disease status was reported in four categories: no evidence of disease
(NED), alive with disease (AWD), death of disease (DOD) or death of other cause (DOC).

The extracted data were verified by a second author (J.W.G.) and disagreements were
resolved by consensus. When further clarification or additional data were required, the
investigators of the study in question were contacted by email.

2.3. Data Analysis

Quality assessment of all included studies was performed using the appropriate
tool for each study design and was appraised by two reviewers (J.W.G. and G.J.B.) inde-
pendently. The RoB 2 tool was used to assess the risk of bias in randomized trials [27],
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the Newcastle–Ottawa Scale (NOS) [28] was used for case-controlled and cohort studies,
and Murad’s tool [29] was used for case series and case reports. Descriptive statistics
were used to summarize characteristics and results of the included studies. Treatment
response was the main outcome of interest, as described in the article or calculated by the
authors following RECIST criteria. Other outcomes of interest included PFS, OS, FU and
disease status.

3. Results
3.1. Study Selection

The search yielded 3081 potentially eligible studies. By assessing article references,
three additional studies were found. After removing duplicates, 2817 titles and abstracts
were screened for relevance. After reviewing the full text of 100 remaining articles,
22 studies met the eligibility criteria as shown in the PRISMA 2020 Flow diagram (Figure 1).

Figure 1. PRISMA Flow diagram, summarizing search results.

Out of the 22 included studies, 9 studies described the efficacy of chemotherapy and
12 studies reported the use of anti-hormonal therapy in aGCT. One article studied the
response to chemotherapy as well as anti-hormonal therapy in aGCT [30].

3.2. Study Characteristics

Of the included studies reporting on chemotherapy, there were two case reports,
seven cohort studies and one randomized controlled trial (RCT). A subset of these studies
described the response to chemotherapy in all types of SCST or both adult and juvenile
GCT, and the results in specifically aGCT could not be retrieved [11,13,31,32]. These studies
were therefore excluded from further analysis. An overview of the included studies on
chemotherapy in aGCT can be found in Table 1.

Of the 13 studies on anti-hormonal therapy, 5 were cohort studies and 8 were case
reports. The included studies are summarized in Table 2. Banerjee, et al. [33] showed the
response to anastrozole in 38 GCT patients; however, no distinction was made between
juvenile and adult subtypes. This study was therefore excluded from further analysis.
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Table 1. Summary of studies describing the use of chemotherapy in aGCT.

Author, Year Study Design Study Period Patients
(n)

Stage at
Diagnosis

Previous
Treatment

n (%)
Chemotherapy

n (%)
Response

n (%)
PFS

(mo) Median
(Range)

OS
(mo)

Median
(Range)

FU
(mo)

Median
(Range)

Disease
Status
n (%)

Tresukosol,
1995 [34]

retrospective
case report 1992–1994 1 IC 1 S ×1, CT ×1 paclitaxel

1(100) PR 1 (100) 12 24+ 1 24 1 AWD 1 (100) 1

Shavit, 2012
[35]

retrospective
case report 2006–2007 1 IA S ×2, CT ×2 docetaxel 1

(100) SD 1 (100) 24 NA 24 NA

Uygun, 2003
[36]

retrospective
cohort 1979–1999 4 IIIB-IV S 4 (100)

CT 4 (100)
CC 3 (75)

CAP 1 (25)
CR 2 (50)
PR 2 (50) 38 (21–73) 1 40.5 (33–73) 1 40.5 (33–73) 1

NED 2 (50)
DOD 1 (25)
DOC 1 (25)

Pectasides,
2008 [37]

retrospective
cohort 1983–2007 5 IA-IV S 5 (100)

CT 5 (100)
CP 2 (40)

CVB 1 (10)
5FU 2 (40)

CR 2 (40)
PR 1 (20)
PD 2 (40)

7 (0–31) 1 28 (4–31) 1 NA AWD 4 (80)
DOD 1 (20)

van Meurs,
2014 [16]

retrospective
cohort 1968–2011 9 I-IIIC

S 9 (100)
RT 1 (11)

AHT 1 (11)
BEP 9 (100)

CR 1 (11)
PR 1 (11)
SD 7 (78)

12 (2–50) 50 (4–165) NA
NED 2 (22)
AWD 3 (33)
DOD 3 (33)
DOC 1 (11)

Wilson, 2015
[30]

retrospective
cohort 1955–2012 17 2 IA-IC S 17 (100) CT

ns, RT ns CT 17 (100)

CR 1 (3)
PR 8 (27)
SD 4 (13)

PD 15 (50) ×1
3

8.6 NA NA NA

Brown, 2004
[11]

retrospective
cohort 1985–2002 21aGCT

/30SCST IA-IIIC
S 30 (100)
CT 22 (73)
RT 2 (7)

NPT 17 (57)
PT 13 (43)

CR 3 (10)
PR 7 (23)
SD 7 (23)

PD 12 (40) 4

16.8 (0–68) NA 100.7
(8.1–361.3)

NED 3 (10)
AWD 20 (67)
DOD 5 (17)
DOC 2 (6)

Pautier, 2008
[13]

prospective
cohort 1990–2002 14aGCT

/20GCT I-IV S 20 (100) CT 1
(5) BEP 20 (100)

CR 9 (45)
PR 9 (45)
SD 1 (5)
PD 1 (5)

24 (4–84) 46 45 (3–112)
NED 9 (45)
AWD 3 (15)
DOD 8 (40)

Burton, 2016
[31]

prospective
cohort 2000–2013 31 SCST NA

S 31 (100)
CT 24 (77)
RT 3 (10)

AHT 3 (10)
IT 1 (3)

paclitaxel 31
(100)

CR 1(3)
PR 8 (26)

SD 15 (48)
PD 6 (19) 5

10 73.6 67 AWD 15 (48)
DOD 16 (52)

Ray-Coquard,
2020 [32]

prospective
RCT 2013–2020 27aGCT

/32 SCST I-IV
S 32 (100)

CT 32 (100)
RT 4 (13) AHT

8 (25)

paclitaxel 32
(100)

CR 0 (0)
PR 8 (25)

SD 17 (53)
PD 7 (22)

14.7 (95% CI
11.5–18.3) NA 38.9

(IQR 36.4–43.8)
AWD 26 (81)
DOD 6 (19)

1 Calculated by authors of this paper; 2 30 regimens; 3 two patients did not have response recorded; 4 one patient who died as a result of unrelated medical causes whose response could
not be assessed; 5 one patient (3%) was indeterminate; PFS: progression-free survival, OS: overall survival, FU: follow-up in time, RCT: randomized controlled trial, NA: not available, ns:
not specified; response according to RECIST criteria: CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease; disease status: NED: no evidence of disease,
AWD: alive with disease, DOD: death of disease, DOC: death of other cause; treatments: 5FU: 5-fluorouracil, AHT: anti-hormonal therapy, BEP: bleomycin-etoposide-cisplatin, CAP:
cyclophosphamide-doxorubicin-cisplatin, CC: cyclophosphamide-cisplatin; CP: carboplatin-paclitaxel, CT: chemotherapy, CVB: cisplatin-vinblastine-bleomycin, IT: immunotherapy,
NPT: non–platinum containing taxane regimens, PT: platinum-containing taxane regimens, RT: radiotherapy, S: surgery.
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Table 2. Summary of studies describing the use of anti-hormonal therapy in aGCT.

Author, Year Study Design Study Period Patients
(n)

Stage at
Diagnosis

Previous
Treatment

n (%)

Anti-
Hormonal
Therapy

n (%)

Response
n (%)

PFS (mo) or
Median
(Range)

OS (mo)
Median
(Range)

FU
(mo)

Median
(Range)

Disease
Status
n (%)

Fishman, 1996
[38]

retrospective
cohort 1991–1996 4 NA CT 4 (100)

AHT 1 (25)
leuprolide

acetate 4 (100)
PR 2 (50)
SD 2 (50) 8 (3–13+) 1 NA 11 AWD 3 (75)

DOD 1 (25)

Assi, 2017 [39] retrospective
case report 2013–2016 1 I S ×1, CT ×2 letrozole 1

(100) PR 1 (100) 35 1 44+ 1 44 1 AWD 1 (100)
Hardy, 2005

[20]
retrospective
case report 1999–2004 1 >II S ×3, CT ×2 megestrol/tamoxifen

1 (100) CR 1 (100) 60+ 1 60+ 1 60 1 NED 1 (100)

Abdul
Munem, 2012

[40]
retrospective
case report 2009–2010 1 NA S ×3, CT ×3,

RT ×1
anastrozole 1

(100) SD 1 (100) 20+ 20+ 20 AWD 1 (100) 1

AlHilli, 2012
[41]

retrospective
case report 2010 1 IA S ×7, CT ×1,

RT ×4
letrozole 1

(100) PR 1 6 NA 6 AWD 1 (100) 1

van Meurs,
2015 [42]

retrospective
cohort 1979–2013 16 2 I-III

S 16 (100)
CT 8 (50)
RT 7 (44)

AHT 6 (38)

anastrozole 2
(9)

goserelin 2 (9)
letrozole 6 (27)

megestrol
acetate 6 (27)
tamoxifen 5

(23)
aromatase

inhibitor 1 (5)

SD 14 (64)
PD 8 (36) 4 (2–53) 1 NA NA

NED 1 (6)
AWD 8 (50)
DOD 5 (31)
DOC 2 (13)

Wilson, 2015
[30]

retrospective
cohort 1955–2012 26 3 IA-IC S 26 (100) CT

ns, RT ns AHT 126 (100)

CR 1 (2)
PR 5 (11)

SD 21 (48)
PD 12 (27) 4

18 (6–54) NA NA NA

Lamm, 2016
[43]

retrospective
case report 2012 1 IA 1 S ×6, AHT ×1 letrozole 1

(100) CR 1 (100) 8 NA 12 1 AWD 1 (100)
Schwartz, 2016

[44]
retrospective
case report 2008–2009 1 5 IA S ×2, CT ×1,

RT ×1
anastrozole 1

(100) PR 19 (8–30) NA 37.5 (30–45) AWD 1 (100)
Yazigi, 2016

[45]
retrospective
case report 2003–2014 1 NA S ×5, CT ×2,

AHT ×2
letrozole 1

(100) PR 1 11 31 31 DOD 1 (100)

Tsubamoto,
2019 [46]

retrospective
cohort 2007–2015 3 NA S 3 (100) leuprolide

acetate 3 (100) SD 3 (100) 4 (4–22) 27 (6–74) 27 (6–74) AWD 1 (33)
DOD 2 (67)

Moon, 2021
[47]

retrospective
case report NA 1 NA

S ×3, CT ×3,
AHT ×2,

RT ×1

megestrol ac-
etate/tamoxifen

1 (100)
SD1 22 NA 48 1 AWD

Banerjee, 2021
[33]

retrospective
cohort 2012–2017 41 GCT NA

S 41 (100)
CT 16 (39)
RT 5 (13)
ns 19 (46)

anastrozole 38
(100)

PR 1 (3)
SD 29 (76)
PD 8 (21)

8.6 (95% CI
5.5–13.5) NA 52 NA

1 Calculated by authors of this paper; 2 22 regimens; 3 44 regimens; 4 For the remaining 5 patients response could not be assessed; 5 2 regimens; PFS: progression free survival, OS:
overall survival, FU: follow-up in time, RCT: randomized controlled trial, NA: not available, ns: not specified; response according to RECIST criteria: CR: complete response, PR:
partial response, SD: stable disease, PD: progressive disease; disease status: NED: no evidence of disease, AWD: alive with disease, DOD: death of disease, DOC: death of other cause;
treatments: AHT: anti-hormonal therapy, CT: chemotherapy, RT: radiotherapy, S: surgery.
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3.3. Quality Assessment

The results of the risk of bias and quality assessment for all 22 studies, using the “Risk-
of-bias VISualization” tool, are visualized in Appendix B Figures A1–A3 [48]. The included
RCT was rated as low on overall bias. Of the 11 cohort studies, 8 studies were judged
to have low risk, and 3 cohort studies had minor concerns. Finally, 10 case reports were
assessed, of which the judgement of ascertainment bias carried more weight. Eight case
reports scored a low risk of bias, while two case reports showed concerns on ascertainment
bias. Overall, risk of bias scores of all studies was low and all studies were included in the
current review.

3.4. Chemotherapy

The efficacy of chemotherapy in aGCT was reported by six studies [16,30,34–37]. Re-
sults are summarized in Table 3. Of the 58 evaluated chemotherapy regimens, the ORR was
32% and the cumulative DCR was 60%. When excluding case reports, the remaining four
studies together resulted in an ORR of 30% and a DCR of 58%, as shown in Table 4. In order
to evaluate the response to different types of chemotherapy, the results were divided into
groups with platinum- and/or taxane-containing regimens. Platinum-based chemother-
apy includes BEP, cyclophosphamide-doxorubicin-cisplatin, cyclophosphamide-cisplatin
and cisplatin-vinblastine-bleomycin. Taxane-based chemotherapy includes docetaxel and
paclitaxel. The platinum taxane combination group mainly consisted of CP, and the other
regimens comprised 5-fluorouracil (5FU), single agent chlorambucil, doxorubicin and cy-
clophosphamide. Although there were few regimens to evaluate, the response to platinum-
based chemotherapies seemed greater than the response to taxane-based chemotherapies,
with a DCR of 68% versus 43%. In the combination group, the DCR was 66%, and for the
other therapies, the DCR was 17%. The median PFS could be determined for 21 patients
receiving chemotherapy and was 16.5 months (range 0–73 months) with a median OS of
30.5 months (range 3–165 months).

Table 3. Summary of response rates of chemotherapy for aGCT.

Regimen Number of
Regimens

CR
n (%)

PR
n (%)

SD
n (%)

PD
n (%)

Unknown
n (%)

Platinum-based 37 4 (11) 11 (30) 10 (27) 10 (27) 2 (5) 1

Taxane-based 9 0 (0) 2 (22) 3 (33) 4 (45) 0 (0)
Platinum taxane
combination 6 2 (33) 0 (0) 2 (33) 2 (33) 0 (0)

Other 2 6 0 (0) 0 (0) 1 (17) 5 (83) 0 (0)
Total 58 6 (10) 13 (22) 16 (28) 21 (36) 2 (4)

1 One response not stated, one patient stopped due to toxicity; 2 including 5-fluorouracil, chlorambucil,
doxorubicin and cyclophosphamide. CR: complete response, PR: partial response, SD: stable disease, PD:
progressive disease.

Table 4. Summary of response rates of chemotherapy for aGCT, excluding case reports.

Regimen Number of
Regimens

CR
n (%)

PR
n (%)

SD
n (%)

PD
n (%)

Unknown
n (%)

Platinum-based 37 4 (11) 11 (30) 10 (27) 10 (27) 2 (5) 1

Taxane-based 7 0 (0) 1 (14) 2 (29) 4 (57) 0 (0)
Platinum taxane
combination 6 2 (33) 0 (0) 2 (33) 2 (33) 0 (0)

Other 2 6 0 (0) 0 (0) 1 (17) 5 (83) 0 (0)
Total 56 5 (9) 12 (21) 16 (28) 22 (39) 2 (3)

1 One response not stated, one patient stopped due to toxicity; 2 including 5-fluorouracil, chlorambu-
cil, doxorubicin and cyclophosphamide. CR: complete response, PR: partial response, SD: stable disease,
PD: progressive disease.
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3.5. Anti-Hormonal Therapy

The response to anti-hormonal therapy in aGCT was reported by 12 studies and
82 regimens were evaluable, as shown in Table 5 [20,30,38–47]. The ORR was 19% and
the cumulative DCR was 70%. To minimize the possibility of publication bias due to the
included case reports, the results of all articles other than case reports are shown in Table 6.
Similar to the response rate found when including case reports, the ORR of anti-hormonal
therapy was 11% and the calculated DCR was 66%. The most frequently used regimens
were aromatase inhibitors (9 regimens) and GnRH agonists (9 regimens), with a DCR of
67% and 89%, respectively. The median PFS following anti-hormonal therapy was given
for 23 patients and was 4 months (range 2–53 months) and the median OS was 14 months
(3–112 months).

Table 5. Summary of response rates of anti-hormonal therapy for aGCT.

Regimen Number of
Regimens

CR
n (%)

PR
n (%)

SD
n (%)

PD
n (%)

Unknown
n (%)

Aromatase
inhibitor 16 1 (6) 5 (31) 7 (44) 3 (19) 0 (0)

GnRH agonist 9 0 (0) 2 (22) 6 (67) 1 (11) 0 (0)
Progestin 6 0 (0) 0 (0) 5 (83) 1 (17) 0 (0)
SERM 5 0 (0) 0 (0) 2 (40) 3 (60) 0 (0)
Combinations 2 1 (50) 0 (0) 1 (50) 0 (0) 0 (0)
Type unknown 44 1 (3) 5 (11) 21 (48) 12 (27) 5 (11) 1

Total 82 3 (4) 12 (15) 42 (51) 20 (24) 5 (6)
1 For the remaining five patients, one was lost to follow-up, two were within the first 6 months of treatment and
two did not tolerate treatment. CR: complete response, PR: partial response, SD: stable disease, PD: progressive
disease, GnRH: gonadotropin-releasing hormone, SERM: selective estrogen receptor modulator.

Table 6. Summary of response rates of anti-hormonal therapy for aGCT, excluding case reports.

Regimen Number of
Regimens

CR
n (%)

PR
n (%)

SD
n (%)

PD
n (%)

Unknown
n (%)

Aromatase
inhibitor 9 0 (0) 0 (0) 6 (67) 3 (33) 0 (0)

GnRH agonist 9 0 (0) 2 (22) 6 (67) 1 (11) 0 (0)
Progestin 6 0 (0) 0 (0) 5 (83) 1 (17) 0 (0)
SERM 5 0 (0) 0 (0) 2 (40) 3 (60) 0 (0)
Type unknown 44 1 (3) 5 (11) 21 (48) 12 (27) 5 (11) 1

Total 73 1 (1) 7 (10) 40 (55) 20 (27) 5 (7)
1 For the remaining five patients, one was lost to follow-up, two were within the first 6 months of treatment and
two did not tolerate treatment. CR: complete response, PR: partial response, SD: stable disease, PD: progressive
disease, GnRH: gonadotropin-releasing hormone, SERM: selective estrogen receptor modulator.

4. Discussion

With this systematic review, we provide an overview of the current literature on
systemic therapies in aGCT. We identified 10 studies describing the response to chemother-
apy, and 13 studies reporting the response to anti-hormonal therapy in aGCT only, as
shown in Tables 1 and 2. When reviewing these studies, 56 regimens of chemotherapy and
73 regimens of anti-hormonal therapy were evaluable. The ORR and DCR for chemother-
apy were 30% and 58%, and for anti-hormonal therapy, they were 11% and 66%, respectively.
The observed duration of PFS following chemotherapy (0–73 months) or anti-hormonal
therapy (2–53 months) for aGCT varies widely. An accurate comparison between the
response rates of the different systemic therapy regimens could not be made, due to the
low numbers of treatments.

Of interest, a large difference between the ORR and DCR for both chemotherapy and
anti-hormonal therapy was observed. These results imply that a large proportion of patients
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responding to chemotherapy or anti-hormonal therapy achieve stable disease. A response
rate that includes stable disease is of relevance in aGCT, offering the clinical benefit of
postponing further deterioration or prolonging the interval between surgical treatments,
thereby reducing overall morbidity. In addition, the described response rates contradict
the previously reported pooled ORRs for chemotherapy and anti-hormonal therapy, which
were more favorable: 50% (95% CI, 44–57%) and 71% (95% CI, 52–85%), respectively [16,22].
A DCR was not reported by these studies, but the calculated DCR for chemotherapy and
anti-hormonal therapy was 72% and 84%. Their higher response rates may be explained by
inclusion of cases with a response determined clinically or surgically/pathologically. Of the
224 evaluable patients, only 86 responses were evaluated based on imaging [16]. Another
explanation for this inconsistency in ORR could be the inclusion of case reports, potentially
leading to publication bias [22]. In addition, both reviews not only included patients with
aGCT but also juvenile GCT, gynandroblastoma, granulosa theca cell tumors and possibly
other SCST subtypes. The comparison of these results with our findings emphasizes the
importance of including the ORR and separating the data of other subtypes from the results
in aGCT.

Another important finding of the current review is the limited amount of data avail-
able on the use of chemotherapy and anti-hormonal therapy in aGCT specifically. Only
22 studies reported separate response rates for aGCT, including 56 evaluable regimens for
chemotherapy and 73 evaluable regimens for anti-hormonal therapy. Studies with the
largest patient numbers had to be excluded, because response rates were not reported
separately for aGCT. The current guidelines are mainly based on these excluded studies,
implying that the majority of the evidence supporting these guidelines is based on data
of any SCST subtype [5–7]. Other SCST subtypes include juvenile GCT, Sertoli (–Leydig)
cell tumors, gynandroblastoma and sex cord tumor with annular tubules, which behave
differently and may respond differently to treatments [49,50]. These differences make it
important to differentiate the results in aGCT from those in other SCST subtypes, so that
the true response in aGCT can be determined. In the future, this may allow us to predict
the response rate of a particular treatment for aGCT patients, thus avoiding unnecessary
treatment-related morbidity. Based on our findings, response rates of chemotherapy in
aGCT may previously have been overestimated. Our results furthermore show that many
patients achieve stable disease with anti-hormonal therapy, which has far fewer side effects.
Thus, it can be suggested that chemotherapy should be administered more cautiously in
aGCT, and anti-hormonal therapy could be considered as the first choice systemic treatment
in a subset of patients with recurrent aGCT.

Strengths of this study include its thorough search strategy and the inclusion of
individual aGCT cases from cohort studies. This way, we aimed to maximize the number
of evaluable aGCT cases. Limitations of our review include the use of definitions such
as PFS and OS that were defined differently among the reviewed studies, making them
more difficult to interpret. Moreover, case reports were included in this review. To reduce
the risk of bias, the response rates of the different systemic treatments were also shown
without the data collected from case reports. Finally, the time to the next treatment for
recurrence was rarely described in the reviewed studies and could therefore not be reported.
The duration of this period is relevant, because patients with recurrent aGCT often can be
managed initially by “watchful waiting” and in the absence of symptoms, treatment may
only become necessary at a later moment. Therefore, knowing not just the duration of the
PFS but also the time until the next treatment would be clinically meaningful.

In order to truly assess the response to chemotherapy and anti-hormonal therapy
in aGCT, novel research approaches are needed. A randomized controlled trial in aGCT,
like the one recently initiated by the GOG, requires many years to include a sufficient
number of patients. Examples of novel approaches include a master protocol [51], such
as the BASKET trial performed by How et al. [52], and in vitro drug screens. Haltia
et al. [53] previously tested many different therapies using drug screens, and Roze et al. [54]
recently demonstrated the use of patient-derived aGCT cell lines for drug screens. Further
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research could comprise a study with the design of an umbrella trial [51]. Such a trial
offers the opportunity to test different therapies in one disease type. A possible design
of an umbrella trial for aGCT could consist of patients with recurrent aGCT who are
initially evaluated for operability. If they are considered inoperable, anti-hormonal therapy
or chemotherapy could be initiated depending on the trial arm. This way, the response
to different systemic therapies can be compared, thereby standardizing the therapeutic
options for recurrent aGCT.

5. Conclusions

To conclude, this review demonstrates that the existing literature on response rates of
chemotherapy and anti-hormonal therapy in specifically aGCT is scarce. Current guide-
lines advise practitioners to treat inoperable, recurrent aGCT with chemotherapy, sug-
gesting both BEP and CP regimens. Notwithstanding the relatively limited data, for both
chemotherapy and anti-hormonal therapy the DCR is considerably higher than the ORR,
implying that systemic treatment leads to SD in a substantial proportion of patients. The
importance of anti-hormonal therapy may be especially relevant, considering that 55% of
the patients achieved stable disease with anti-hormonal therapy, which may be clinically
valuable. In patients with low tumor load and few complaints, anti-hormonal therapy could
be the first choice. Novel research approaches need to be designed in order to strengthen
the current evidence and further develop and standardize treatment options for aGCT.

Author Contributions: Conceptualization, G.J.B., J.W.G., R.P.Z. and P.O.W.; methodology, G.J.B.,
J.W.G., L.H., R.P.Z. and P.O.W.; investigation, G.J.B. and J.W.G.; writing—original draft preparation,
G.J.B. and J.W.G.; writing—review and editing, G.J.B., J.W.G., L.H., R.P.Z. and P.O.W.; visualization,
G.J.B. and J.W.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was carried out with financial support from the Granulosa Fund Philine
van Esch.

Acknowledgments: The authors would like to thank Marie-Louise S. Goudeau for her contribution
to the literature search.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Comprehensive Search Strategies

(“Sex Cord-Gonadal Stromal Tumors”[Mesh] OR Sex Cord Stromal Tumor*[tiab]
OR Sex Cord Stromal Tumour*[tiab] OR Sexcord Stromal-Tumor*[tiab] OR Sexcord Stro-
mal*[tiab] OR Sexcordstromal*[tiab] OR Sex Cord Stromal Cancer*[tiab] OR Sex Cord
Stromal Neoplasm*[tiab] OR sex cord tumor* [tiab] or sex cord tumour*[tiab] OR sex cord-
gonadal stromal tumor*[tiab] OR sex cord-gonadal stromal tumor*[tiab] OR SCST*[tiab]
OR Gynandroblastoma*[tiab]

OR Granulosa Cell Tumor*[tiab] OR Granulosa Cell Tumour*[tiab] OR Granulosa Cell
Cancer*[tiab] OR Granulosa Cell Neoplasm*[tiab] OR Granulosa theca cell tumor*[tiab] OR
Granulosa theca cell tumour*[tiab] OR GCT[tiab] OR GCTs[tiab])

AND (“Antineoplastic Agents”[Mesh] OR “Antineoplastic Agents” [Pharmacological
Action] OR “Antineoplastic Agents, Phytogenic” [Pharmacological Action] OR “Antineo-
plastic Combined Chemotherapy Protocols”[Mesh] OR “Drug Therapy”[Mesh:NoExp]
OR “Consolidation Chemotherapy”[Mesh] OR “Induction Chemotherapy”[Mesh] OR
“Maintenance Chemotherapy”[Mesh] OR “Cytostatic Agents”[Mesh] OR Cytostatic Agents
[Pharmacological Action] OR chemother*[tiab] OR cytostatic*[tiab] OR ((anti neoplast*[tiab]
OR antineoplast*[tiab] OR antitumor*[tiab] OR antitumour*[tiab] OR anticancer*[Tiab])
AND (drug*[tiab] OR agent*[tiab])) OR anticancerogen*[tiab] OR anticarcinogen*[Tiab] OR
carcinostatic drug*[tiab] OR tumor inhibitor [Tiab] OR tumour inhibitor [Tiab] Antineo-
plastic* [Tiab] OR cytostat*[tiab]

OR BEP[tiab] OR CAP[tiab] OR HCAP[tiab] OR CHAP[tiab] OR CHAD[tiab] OR
PAC[tiab] OR CISCA[tiab] OR ACP[tiab]
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OR “Anthracyclines”[Mesh] OR anthracyclin*[tiab] OR aclarubicin*[tiab] OR adri-
amycin*[tiab] OR daunorubicin*[tiab] OR carubicin*[tiab] OR Actinomycin*[tiab] OR Dacti-
nomycin*[tiab] OR doxorubicin*[tiab] OR Epirubicin*[tiab] OR idarubicin*[tiab] OR no-
galamycin*[tiab] OR plicamycin*[tiab] OR mitoxantron*[tiab] OR pixantron*[tiab]

OR “Antibiotics, Antineoplastic” [Pharmacological Action] OR Bleomycin*[tiab] OR
mitomycin*[tiab]

OR “Platinum Compounds”[Mesh] OR “Platinum”[Mesh] OR Cisplatin*[tiab] OR
cis-Platin*[tiab] OR CisPt[tiab] OR Cis-Pt[tiab] OR CDDP[tiab] OR platinum*[tiab] OR
carboplatin*[tiab] OR oxaliplatin*[tiab]

OR Podophyllotoxin*[tiab] OR etoposid*[tiab] OR VP16[tiab] OR VP-16[tiab] OR
teniposid*[tiab]

OR “Taxoids”[Mesh] OR taxane*[tiab] OR taxoid*[tiab] OR taxol[tiab] OR Pacli-
taxel[tiab] OR Docetaxel[tiab]

OR Antineoplastic Agents, Alkylating[Mesh] OR alkylating agent*[tiab] OR alkylating
drug*[tiab] OR Vinblastin*[tiab]

OR hexamethylmelamin*[tiab] OR Altretamin*[tiab] OR Cyclophosphamid*[tiab]
OR Ifosfamid*[tiab] OR Melphalan*[tiab] OR Chlorambucil[tiab] OR Alkeran[tiab] OR
L-PAM[tiab] OR TEPA[tiab] OR 5-FU[tiab] OR Fluorouracil[tiab] OR Methotrex*[tiab]
OR Methothrex*[tiab] OR amethopterin*[tiab] OR MTX[tiab] OR methopterin*[tiab] OR
methylaminopterin*[tiab] OR ledertrexat*[tiab])

OR (Antineoplastic Agents, Hormonal [MeSH] OR Antineoplastic Agents, Hormonal
[Pharmacological Action] OR Aromatase Inhibitors [Pharmacological Action] OR Aro-
matase Inhibitors [MeSH] OR Hormonal treatment [tiab] OR “Hormone Replacement
Therapy”[Mesh] OR hormonether*[tiab] OR antihorm*[tiab] OR anti-hormon*[tiab] OR
((endocrine*[tiab] OR hormone*[tiab] OR estrogen* [tiab] OR oestrogen*[tiab] OR oestra-
diol*[tiab] OR estradiol*[tiab]) AND (inhibitor* [tiab] OR antagonist* [tiab] OR block* [tiab]
OR suppres* [tiab] OR substit*[tiab] OR replac*[tiab] OR receptor [tiab] OR medicine[tiab]
OR therap*[tiab] OR treatment*[tiab] OR repression[tiab] OR manipul*[tiab] OR manag*[tiab]
or agonist*[tiab])) OR antiestrogen*[tiab] OR antiestrogen*[tiab] OR anti-estrogen*[tiab]
OR anti-oestrogen*[tiab]OR toremifene[tiab] OR fareston[tiab] OR clomifen*[tiab] OR
clomiphene*[tiab] OR cisclomiphene[tiab]

OR ((ER[tiab] OR ERb[tiab] OR ERs[tiab] OR ERa[tiab] OR ERb[tiab]) AND (modu-
lat*[tiab] OR target*[tiab] OR agonist*[tiab]))

OR SERM[tiab] OR SERMs[tiab]
OR ethinylestradiol[tiab] OR ethinamate[tiab] OR ethinyl estradiol[tiab] OR ethinyl

oestradiol[tiab] OR ethinodiol*[tiab] OR ethinoral[tiab]
OR “Aromatase Inhibitors”[Mesh] OR aminoglutethimide[tiab] OR amino glutethimide[tiab]

OR aminogluthimide[tiab] OR cytadren[tiab] OR elipten[tiab] OR orimeten*[tiab] OR rodazol[tiab]
OR anastrozol*[tiab] OR Arimidex[tiab] OR androsta[tiab] OR atamestane[tiab] OR methylan-
drosta[tiab] OR exemestane[tiab] OR aromasin*[tiab] OR fadrozole[tiab] OR afema[tiab] OR
finrozole[tiab] OR formestane[tiab] OR lentaron[tiab] OR letrozol*[tiab] OR Femara[tiab] OR Fe-
mar[tiab] OR liarozole[tiab] OR plomestane[tiab] OR pyridoglutethimid*[tiab] OR vorozole[tiab]
OR rivizor[tiab] OR rogletimide[tiab] OR intraovarian peptides[tiab]

OR Gonadotropin-Releasing Hormone[tiab] OR Pituitary Hormone-Releasing Hor-
mones[tiab] OR GNRH[tiab] OR GNRHa[tiab] OR LHRH[tiab] OR LFRH[tiab] OR LHF-
SHRH[tiab] OR dirigestran[tiab] OR luliberin[tiab] OR kryptocur[tiab] OR cystorelin[tiab]
OR gonadorelin[tiab] OR factrel[tiab] OR gonadoliberin[tiab] OR ganirelix[tiab] OR Busere-
lin[tiab] OR HOE-766[tiab] OR Profact[tiab] OR Receptal[tiab] OR Suprecur[tiab] OR Supref-
act[tiab] OR Tiloryth[tiab] OR leuprolid*[tiab] OR leuprorelin[tiab] OR enanton*[tiab] OR
Lupron[tiab] OR Goserelin[tiab] OR Zoladex[tiab] OR Nafarelin[tiab] OR Synarel[tiab] OR
Triptorelin[tiab] OR Trelstar[tiab] OR Decapeptyl[tiab]OR luteinizing hormone[tiab] OR
LH[tiab] OR FSH[tiab] OR GN[tiab] OR gonadotropin*[tiab] OR hypothalam*[tiab] OR
hypothalamic[tiab] OR hypophysiotropic[tiab] OR pituitary hormone[tiab] OR releasing
hormone*[tiab] OR releasing factor*[tiab] OR RH[tiab] OR RF[tiab]OR “tamoxifen”[Mesh]
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OR Tamoxifen[tiab] OR Nolvadex[tiab] OR Novaldex[tiab] OR Soltamox[tiab] OR Zitazo-
nium[tiab] OR Raloxifene[tiab] OR Toremifene[tiab] OR hydroxytamox*[tiab] OR monohy-
droxytamox*[tiab] OR OH-TAM[tiab] OR OHT[tiab] OR TAM [tiab]

OR “pregnadienes”[Mesh] OR medroxyprogesterone[tiab] OR progestins[tiab] OR
pregnanes*[tiab] OR progesterone*[tiab] OR progestin*[tiab] OR gestagen*[tiab] OR pro-
gestogen*[tiab] OR cyproteron*[tiab] OR megestrol[tiab] OR medroxyprogest*[tiab] OR
medroxy-progest*[tiab] OR MPA[tiab] OR hydroxyprogesteron*[tiab] OR hydroxyflu-
tamide[tiab] OR flutamide hydroxide[tiab] OR dienogest[tiab] OR fosfestrol[tiab] OR
fulvestrant[tiab] OR leukoregulin[tiab] OR liarozole[tiab] OR tibolone[tiab])

Appendix B. Risk of Bias Results per Type of Study

Figures are visualized using the Risk of Bias VISualization tool. [48]

Figure A1. Risk of bias results in an RCT using the RoB2 tool [27].

Figure A2. Risk of bias results in cohort studies using the NOS tool [28].
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Figure A3. Risk of bias results in case reports using Murad’s tool [29].
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