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Abstract: Adult-type Granulosa Cell Tumor of the Ovary (AGCT) is a relatively rare subtype of ovarian cancer, accounting for 2-4% of all ovarian cancer. AGCT originates from proliferating normal preovulatory granulosa cells (GCs) and
retains several features of those GCs. The hormonal features of AGCT explain the clinical manifestations and provide
reliable markers for early diagnosis and recurrence prediction of the disease. Most AGCT patients are diagnosed at
an early stage and usually demonstrate a better prognosis than patients with other types of ovarian cancer. Surgery
is crucial for both initial and post-relapse treatments, whereas adjuvant therapy is still in the exploratory stage. In
2009, a population-based screening makes an exciting step, about 97% of AGCT has somatic missense mutations
in the transcription factor FOXL2 gene and the FOXL2 mutation is considered to be a molecular characteristic of
AGCT. Unfortunately, the FOXL2 mutation does not fully explain the development of AGCT. Ongoing research is focusing on signalling pathways in the molecular pathogenesis of AGCT to identify the possible pathogenetic factors and
signal transduction pathways and provide a theoretical basis for targeted treatment. Postoperative recurrence of
ovarian AGCT is common and is associated with a high mortality rate, which necessitates regular follow-up. The life
management of postoperative patients is also crucial, which requires multidisciplinary experts to design recurrence
treatment from the perspective of patients and implement meaningful treatment measures.
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Introduction
Granulosa Cell Tumor of the Ovary (GCT) is a
especial kind of rare ovarian cancer, accounting for about 5% malignant ovarian cancer
[1-4]. Based on the histological characteristics
and clinical symptoms, GCT can be divided into
two separate subsets, namely, adult-type GCT
(AGCT) and juvenile GCT (JGCT) [5, 6]. In contrast to JGCT, AGCT is more common and
accounts for approximately 95% of all GCTs
[6-8].
AGCT is associated with prominent clinical
endocrine manifestations, which is an important reason why most patients are diagnosed
at stage Ia (78%-91%) [1, 9, 10]. Long-term
exposure to endogenous oestrogen may lead
to endometrial hyperplasia or carcinoma [1, 11,
12]. AGCT may occur in women at any age; however, patients are usually diagnosed between
50 and 54 years of age during their perimeno-

pausal or early postmenopausal stages [2].
Surgery is the primary treatment for ovarian
AGCT. Patients with advanced and recurrent
disease usually receive adjuvant therapy, including radiotherapy, chemotherapy, hormonotherapy and targeted therapy. A study conducted in 2009 reported that approximately 97%
of the cases of AGCT had somatic missense
mutations in the transcription factor FOXL2
(c.402C→G; p.C134W) [13]. Subsequent studies proved that the mutation does not exist in
other cancers, including JGCTs [14-17]. The
FOXL2 mutation provides theoretical support
for the clinical diagnosis, exploration of the
pathogenesis and treatment of AGCT. Nonetheless, the pathogenesis of AGCT remains
unclear currently despite extensive exploration.
Here, we comprehensively reviewed the clinical
manifestations, pathological and imaging features, and the clinical treatment status of AGCT.
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Figure 1. H&E staining of a representative AGCT. A. The tumor contains solid masses and hemorrhage cystic cavity
composition. Scale bar = 500 μm. B. Call-Exner bodies. Scale bar = 100 μm. C. The cells are knowns “coffee bean”
nuclei, and classic nuclear grooves. Scale bar = 20 μm.

In addition, we have summarised the latest
research on AGCT and discussed the future
management and treatment of patients.
Epidemiology and risk factors
AGCT is a relatively uncommon gynaecologic
malignancy, with an incidence of less than 3.7
per 100,000 persons [18, 19]. A series of retrospective analyses showed that tumor staging
is the only prognostic factor for survival in
patients with AGCT. The 5-year relative survival
rate of patients with early disease was greater
than 90%, while that of patients with stage II
and stage III or IV disease was 55-75% and
22-50%, respectively [20]. The aetiology of
AGCT is obscure. Some cytogenetic studies
have reported a unique chromosome aberration pattern in AGCT, including trisomy of chromosome 12 or 14 and monosomy of chromosome 22 [21, 22]. However, the aberrations
appear neither random nor necessary for the
tumorigenesis in this disease. Unlike other
types of ovarian cancer, AGCT has a stable
karyotype. Studies have shown that aneuploidy
and karyotype do not affect the risk. PeutzJeghers syndrome (PJS), an autosomal dominant inherited syndrome, has been reported to
increase the risk of AGCT [23-27]. Debate continues over whether infertility or drug stimulation in the treatment of infertility is present in
the AGCT [28-30]. Although genetic germline
mutations in the breast cancer susceptibility
genes BRCA1 and BRCA2 have been reported
to be associated with a higher risk of epithelial
ovarian cancer, AGCT does not appear to have
any genetic susceptibility [6]. The incidence of
AGCT is relatively high among non-white and
obese women, which may be considered important risk factors.
Diagnosis
AGCT is an endocrine ovarian cancer, which
shows similar hormone characteristics to GCs,
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especially abnormal estrogen secretion [20].
Patients often have an abnormal endometrium
due to long-term exposure to endogenous,
abnormal estrogen. Approximately 26-38% of
the patients present with endometrial hyperplasia and approximately 10% of the patients
are diagnosed with concurrent endometrial
cancer. The abnormal endometrium causes
vaginal bleeding, which is the most common
symptom of AGCT [3, 18, 19, 31, 32]. Premenopausal patients initially exhibit irregular
vaginal bleeding, amenorrhea, and rarely infertility due to the abnormal secretion of inhibin
[32-34]. Abnormal vaginal bleeding and a unilateral ovarian mass are the most prominent
clinical manifestations in postmenopausal
patients. A realistic or cystic mass may be
observed on ultrasound. Larger masses may
cause abdominal distention or pain [12, 33].
Ascites is not a significant symptom of AGCT
and only 18.6%-21% of the patients present
with this symptom at initial diagnosis. It is
important to note that symptoms such as
abdominal distention and pain are not specific clinical manifestations of AGCT and approximately 20% of the patients are asymptomatic
at the time of initial diagnosis.
Pathology
In grossly, AGCT shows significant variations,
ranging from small invisible lesions to huge
masses, with an average diameter of >10 cm.
Ovarian AGCT usually shows solidity with cystic
lesions and yellow/grey sections because the
mass contains a variable number of tumor cells
and fibrous sheath tumor stroma.
AGCT exhibits specific histomorphological patterns, including high-grade and low-grade differentiated patterns (Figure 1). The high-grade
differentiated histological pattern usually presents in several forms, including microvesicles,
trabecular, island, tubular and hollow tubular
Am J Cancer Res 2022;12(8):3495-3511
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forms, although these can be observed simultaneously in AGCT. Call-Exner bodies, the most
typical histological pattern of microbubbles,
play an important role in histological diagnosis.
The low-grade differentiated pattern usually
shows a watered-silk or gyriform pattern, which
refers to a diffuse distribution and is known as
the sarcomatoid type. The well-differentiated
and poorly differentiated patterns contain round to oval, pale cells, and the nucleus is typical coffee bean groove. Considering the unique
appearance of the nucleus, there is no issue
of misdiagnosis between AGCT, undifferentiated carcinoma, adenocarcinoma, and carcinoid
tumors. Occasionally, lutealization is obvious,
and luteal AGCT may contain more atypical
nuclei than the normal.
Radiographic findings
An obvious abdominal or pelvic mass is common in patients with AGCT. Therefore, ultrasound evaluation is an important tool to confirm the results of physical examination and
obtain qualitative information regarding the
mass. Based on the ultrasound and CT scanning results, Ko et al. categorised AGCT into five
morphological types, including multilocular cystic, thick-walled single locular cystic, thin-walled
single locular cystic, homogeneous solid and
heterogeneous solid types [35]. Subsequently,
Kim et al. simplified the classification based on
the two most commonly observed types as polyseptal cystic lesions and non-lobulated solid
lesions of internal cystic lesions [36]. Intratumoural haemorrhage, necrosis and fibrosis
can increase the heterogeneity of the imaging
findings [37].
Compared with EOC, the initially diagnosed
AGCT had no intracystic papillary processes,
and the tendency of peritoneal dissemination
was small. And the tumor was limited to the
ovary. However, recurrent AGCTs are often multifocal. PET/CT scan is not usually used for the
diagnosis and follow-up, considering the low
activity of 18-F-fluorodeoxyglucose (FDG) in
AGCT [38-41].
Screening
Since AGCT are rare and their histological morphology do not show obvious persuasion, the
false positive rate of AGCT is as high as 36%
in previous records [32, 42]. Sustained efforts
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have been made to screen the population for
accurate early diagnosis and postoperative follow-up of ovarian AGCT (Figure 2). The serum
markers inhibin, anti-müllerian hormone (AMH)
and estradiol can be used for the early diagnosis and postoperative follow-up of patients with
AGCT. However, studies have reported biases;
therefore, the detection of serum markers
alone is not adequate to diagnose AGCT. Significant progress has been made in the genome screening of AGCT, and FOXL2 mutation
has been exclusively identified in this condition.
Subsequently, the specificity of FOXL2 mutation was verified in several cohorts of AGCT.
Thus, FOXL2 can be considered a molecular
marker of AGCT. Recent studies have shown
that TERT promoter mutations are common in
patients with recurrence, which may become
one of the indicators for future follow-up.
Currently, the screening of molecular markers
through genome and proteome analysis is in
progress.
Tumor markers
Specific tumor markers are crucial for accurate
early diagnosis and postoperative follow-up of
patients with ovarian AGCT, which can improve
the survival rate of patients to a certain extent.
The hormonal activity of ovarian AGCT suggests
that the hormones synthesized might play a
role as tumor markers for the early prediction
and postoperative follow-up.
Inhibin: Inhibin is produced by normal ovarian
GCs and consists of a dimer of two partially
homologous subunits, one of which is covalently linked to the α or β subunit to form inhibin A
and inhibin B, respectively [43-46]. Inhibin, a
glycoprotein hormone, is involved in the regulation of follicle formation, steroid production,
and follicular estrogen secretion [47, 48]. In
addition, inhibin regulates the secretion of FSH
through negative feedback, which leads to a
negative correlation between inhibin and FSH
in serum [49]. The secretion of FSH usually
occurs during the follicular phase in premenopausal women; therefore, inhibin is almost
undetectable after menopause [50, 51]. Inhibin generation in GCTs was first reported in
1989, along with the correlation between
serum inhibin and tumor size [52]. Enzymelinked immunosorbent assay (ELISA) revealed
that inhibin B was more specific than inhibin A
in detecting GCTs [53-55]. This claim has been
Am J Cancer Res 2022;12(8):3495-3511
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Figure 2. Screening for the early diagnosis and postoperative follow-up of AGCT. Based on the understanding of
AGCT biology and evolution, early and recurrent AGCT patients were screened by existing techniques. IHC = Immunohistochemistry. CT = Computed tomography. MRI = Magnetic resonance imaging. ELISA = Enzyme-linked immunosorbent assay. ct-DNA = circulating tumor DNA. cf-DNA = circulating free DNA. WGS = whole genome sequencing.
WES = whole exome sequencing.

controversial due to the variable specificity of
ELISA in detecting certain subunits compared
with Monash assays. However, recent studies
have confirmed that serum inhibin does not
demonstrate specificity for the diagnosis of
GCTs. Immunohistochemical analysis confirmed that not all patients with GCT had an
increase in inhibin levels, and patients with
EOC were also found to have elevated serum
inhibin levels [56]. Therefore, it appears contradictory to consider postmenopausal serum
inhibin elevation as a tumor marker for GCT.
AMH: AMH, a member of the TGF-β superfamily,
is considered a possible tumor marker for GCT
[2]. AMH is produced by GCs in the ovary of normal women during reproduction, and the levels
vary periodically. AMH plays an important role
in the formation of the primary follicle by participating in follicular recruitment by FSH. In a
study by Anttonen et al., the expression of AMH
correlated negatively with the tumor size in
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patients with GCTs and decreased AMH level
was found in 87% of the tumors larger than 10
cm [57-59]. A cohort of 16 women with AGCT,
58 healthy women, and 75 women with benign
and malignant ovarian cancer and non-ovarian
cancer underwent AMH testing. The results
revealed that AMH was almost undetectable
in healthy women after menopause. AMH was
elevated in eight of nine patients with progressive GCT and undetectable in 10 of 11 patients
in clinical remission. The AMH levels were normal in 93% of other gynaecologic and non-gynaecologic cancers [60]. These results indicate
that serum AMH can be considered an effective
marker for the diagnosis of ovarian AGCT; however, its application remains limited to clinical
studies.
Estradiol: Unlike inhibin and AMH, estradiol is
not a reliable marker of tumor cell proliferation. Although its abnormal secretion has been
strongly associated with the clinical appear-
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ance of GCTs, several studies have shown that
GCTs do not necessarily occur with elevated
oestradiol levels [61]. Estradiol is not detected
in approximately 30% of the patients with GCTs,
which may be attributed to the loss of follicular
membrane cells [6]. Rey et al. reported a minimal correlation between estradiol levels and
the progression of GCTs [60].
Molecular abnormality
The initiation and development of tumors require genetic changes that drive normal cells
to transform into highly malignant derivatives
[62]. Molecular diagnosis is considered critical
to distinguish AGCT from other, often more
malignant, ovarian tumors with significantly
poor prognosis [63].
FOXL2: FOXL2, a transcription factor of the
forkhead family, is found mainly in the follicular
granulosa cells of the ovaries and developing
eyelids [64-67]. FOXL2 expression has barely
been detected in other human tissues, such as
the testes and heart [66]. FOXL2 is a sexually
dimorphic marker of ovarian differentiation and
determines optimal primary follicle formation
[68, 69]. Mouse knockout studies have emphasized the key role of FOXL2 in follicle development. In addition, GCs do not undergo squamous to cuboidal transition in FOXL2-deficient
ovaries, resulting in immature follicle depletion
and the absence of mature follicles [70, 71]. A
study demonstrated that FOXL2 prevents adult
ovarian GCs from transforming into functional
Sertoli cells, which produce only androgens
without estrogen [72]. Garcia-Ortiz et al. reported similar findings signifying the need for FOXL2
to maintain the adult ovarian phenotype and
normal function of GCs [68]. In addition, FOXL2
mutation may lead to multiple ovarian dysfunctions, such as the autosomal dominant disease
blepharophimosis-ptosis-epicanthus inversus
syndrome (BPES) [73]. Premature ovarian failure usually occurs with BPES [74]. Furthermore,
FOXL2 mutation may be associated with the
pathogenesis of AGCT.
A landmark study on ovarian AGCT, based on
whole-transcriptome paired-end RNA sequencing on four different AGCT samples, identified a
somatic missense mutation in the FOXL2 gene
(c.402→G; p.C134W) [13]. The results revealed
that approximately 97% of ovarian AGCTs had
the FOXL2 mutation. Furthermore, it was note-
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worthy that the mutation was not observed in
other sex cord/stromal cancers and any unrelated ovarian or breast cancers [14, 15, 75-77].
A recent survey of a large cohort provided
further evidence supporting the finding that
FOXL2 is pathognomonic for ovarian AGCT [63].
Reduced FOXL2 has been reported in aggressive JGCT [78]. The mechanism of FOXL2 in
AGCT has been studied widely, and two studies
have shown that phosphorylated FOXL2 contributes to the growth of the tumor [79, 80].
However, an increasing number of studies have
focused on the effect of FOXL2 mutation on the
development of AGCT. The transcription target
of FOXL2 mutation was explored in AGCT, and
some researchers hypothesise that the mutation participates in the development of the
malignancy by changing its interaction with
other factors, including the transcription factor
SAMD, BMP family and effectors of TGF-β [81].
A recent study reported that FOXL2C134W
transcription-induced mutations play an important role in EMT and cancer resistance [82].
Although wild-type FOXL2 has a positive effect
on regulating the proliferation and apoptosis of
normal GCs, mutant FOXL2 not only downregulates the death receptors TNFR1 and Fas but
also fails to elicit caspase-8-dependent apoptosis signalling [83]. These data reveal that
FOXL2 is involved in the pathogenesis of AGCT
through multiple pathways. Increasing evidence
suggests that FOXL2 mutation may be a major
driving force of AGCT; therefore, FOXL2 targeted therapy may offer unprecedented potential
to eliminate oncogenes and prevent resistance
to conventional chemotherapy.
Telomerase reverse transcriptase promoter:
The telomerase reverse transcriptase (TERT)
gene encodes a key catalytic subunit of telomerase, playing a role in controlling telomerase
activity [84]. Generally, the TERT gene is strictly
regulated in most differentiated cells, and the
loss of TERT expression leads to a decrease in
telomere activity, resulting in shortening during
cell division [85]. However, telomere shortening
leads to permanent cell growth arrest [86].
Tumor cells can maintain telomere length and
telomerase activity by activating TERT to
achieve immortality, which is a key step in
tumorigenesis [84, 86, 87]. Telomerase activity
is proportional to the expression of TERT in
primary GCs, wherein the expression of TERT
reduces significantly as the GCs differentiate
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Figure 3. Treatment plan for AGCT patients.

into luteinized cells and the follicles develop
into the corpus luteum [88, 89]. Mutation of
the TERT promoter is one of the factors involved in telomerase activation that mainly occurs
in two hot spots of chromosome 5 (C228T and
C250T), which was first identified in malignant
melanoma [90, 91]. Subsequent studies showed that TERT promoter mutation occurred in
various cancers and has been considered for
the diagnosis/monitoring of hepatocellular
carcinoma, bladder cancer and glioblastoma
[92-94].
A study conducted in 2021, using wholegenome sequencing, revealed a novel TERT
promoter mutation at C228T in five of 10 AGCT
samples [95]. In addition, the study demonstrated a higher frequency of TERT C228T promoter mutation in recurrent AGCTs compared
with primary tumors. The findings were confirmed by multiple independent research groups, and a TERT promoter mutation at C250T
was identified in a small number of patients
[85, 96, 97].
Previous studies have found that the classic
carcinogenic signalling pathways, including
c-Myc, NFκB and Wnt/β-catenin may be involved in the transcriptional inhibition of TERT
[98]. Notably, activation of the NFκB signalling
pathway was observed in KGN cell lines, and
p65 nuclear localization was observed in GCT
[99, 100]. Although studies have not identified
mutations in these pathways currently, the findings provide a theoretical possibility that TERT
promoter mutation participates in the patho-

3500

genesis of ovarian AGCT. Considering the rarity
of ovarian AGCT and the limited sample size in
previous studies, the involvement of TERT promoter mutation in the development of the disease needs to be verified further.
Treatment
The evidence-based management of AGCT is
limited considering the rarity of the condition.
Currently, there are no standard international
guidelines for the treatment of AGCT, and the
International Federation of Gynaecology and
Obstetrics (FIGO) staging system is applied routinely. Surgery remains the mainstay of treatment for primary and recurrent AGCT, and there
is no other effective treatment. Approximately
80% of the patients with invasive or recurrent
AGCT succumb to the disease, indicating the
need for more effective treatments [83]. Treatments such as radiation and chemotherapy are
not a routine option as for other tumors, and
their effectiveness is currently being researched in randomised trials. Radiation, chemotherapy, hormone therapy, and targeted therapy
may mitigate the disease and prolong the life of
patients with advanced disease and those who
cannot undergo surgery after relapse. The most
commonly performed treatments are described
in Figure 3.
Surgery
Total abdominal hysterectomy and bilateral salpingectomy are the standard methods for the
treatment of primary ovarian AGCT [101]. The
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stage during primary surgery is crucial to the
prognosis of the patients [102]. The majority of
patients with ovarian AGCT present with stage
IA disease, with tumors commonly confined to
the ovary without metastasis [6].

ent response rates to chemotherapy. In addition, there are many controversies regarding
the application of radiotherapy for the treatment of AGCT, including the dose used and the
need for total abdominal radiotherapy.

Generally, pelvic and para-aortic lymph node
resection is not recommended, and only large
or suspected lymph nodes are removed during
the surgery [103]. Surgery can be performed by
either laparotomy or laparoscopy, and studies
have reported that laparoscopic surgery has
high safety and a low recurrence rate [104].
However, more conservative fertility-preserving
surgery and unilateral salpingo-ovarian resection are recommended for patients with fertility
needs when diagnosed at stage Ia. Several
studies have shown that incomplete surgery is
not a risk factor for recurrence or AGCT-related
death [20, 105]. It is worth noting that endometrial biopsy should be performed in patients
who undergo conservative surgery to prevent
the occurrence of endometrial cancer [106].
There is no clear conclusion about whether
patients who choose fertility reservation surgery are undergoing radical surgery after childbirth.

Chemotherapy

Debulking surgery, when feasible, remains the
most effective treatment for recurrent ovarian
AGCT [101]. A recent study reported that the
common sites of recurrence were the pelvis,
liver and intestine, and most cases showed
metastasis outside the pelvis [40]. Therefore,
patients with recurrence may need multiple
organ surgery to achieve optimal volume reduction [104, 107]. Patients with a relapse who
achieve optimal debulking might benefit from
surgery [108].
Radiotherapy
Radiotherapy has been proposed and tested
for recurrent disease, postoperative residual
disease and palliative treatment [18, 109-112].
Previous studies have reported a correlation
between radiotherapy and prolonged diseasefree survival in patients with advanced or recurrent AGCT. Postoperative radiotherapy has
been reported to improve the survival of
patients. However, there is limited data from
prospective randomised studies regarding the
role of radiotherapy in AGCT. Importantly, in the
current reports due to the lack of sectional
imaging, AGCT patients had significantly differ-
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In general, the prognosis of patients with stage
Ia ovarian AGCT is favourable, and doctors do
not recommend adjuvant treatment. Chemotherapy is an option to delay the progression of
the disease in patients with advanced, metastatic disease and postoperative recurrence
who have been unable to undergo surgery and
radiotherapy. AGCT demonstrates a potential
response to a single drug as well as combined
chemotherapy regimens; however, the reaction
rate varies. Chemotherapy does not appear to
improve the patient’s condition, and the drugs
are associated with toxicity. Considering the
rarity of AGCT, the chemotherapy regimen is
mainly based on that of EOC, which is a platinum-based combination therapy. The overall
rate of effectiveness of the treatment has been
reported as 63%-80% [113]. Currently, bleomycin/etoposide/cisplatin (BEP) is used in conventional chemotherapy for AGCT. However, it
must be considered that the majority of the current reports rely on a retrospective study of
unverified AGCT cohorts, which could be a
potential confounding factor. A randomised
phase II trial is underway, which compares BEP
with paclitaxel/carboplatin in newly diagnosed
and recurrent metastatic AGCT.
Hormone therapy and targeted therapy
Noting that AGCT not only express steroid hormone receptors but also have the hormone
synthesis function of normal GCs, it is reasonable to treat unresectable AGCT patients with
hormone-based methods. In addition, hormone
therapy is recommended for patients who do
not respond or develop resistance to conventional chemotherapy. Treatment options that
have been explored include the use of GnRH
agonists, aromatase inhibitors (AIs) and tamoxifen (selective estrogen receptor modulator).
A study conducted on 31 patients receiving
hormone therapy revealed that 25.8% of the
patients achieved complete remission, and
nearly half of the patients achieved partial remission [114]. Recently, the multicentre phase
II PARAGON trial (ANZGOG-0903) reported that
Am J Cancer Res 2022;12(8):3495-3511
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it could be a potential therapeutic target for AGCT, and
some FOX proteins, such as
Follow-up of patients with AGCT
FOX3A, are now considered
Physical examination
Standard gynecological examination
therapeutic targets [118-120].
Radiographic inspection
Computed tomography scan, Chest X-ray
Nonetheless, the biological
Detection of serum markers
AMH, inhibin, estradiol
treatment strategy of directly
Molecular diagnosis
FOXL2, TERT promoter, TP53
targeting FOX proteins is in its
Cycle (>15 years)
First year: every 3 months
infancy and the high sequence
Second to fifth year: every 4 months
homology between FOX tranAfter fifth year: every 6 months
scription factor family members. The therapeutic drugs
the aromatase inhibitors anastrozole has longtargeting FOXL2 might inadvertently affect the
lasting clinical benefits and acceptable toxicity
regulation of other important FOX transcripin some asymptomatic patients with ovarian
tion factors, thus complicating the theoretical
cancer. Randomised trials related to hormone
hypothesis of weakening or enhancing a single
therapy have not been conducted, and pubFOX protein.
lished literature includes relatively few retroRecurrence and follow-up
spective studies and case reports. It is noteworthy that the studies have not been conductResearch has elucidated that approximately
ed in FOXL2-defined cohorts, and the benefits
one-third of AGCT patients experience relapse,
of the treatments might be associated with a
and more than 50% of these patients succumb
potential bias in patient selection and response
to their disease [63, 106]. Therefore, close
assessment. Therefore, the clinical applicabilimonitoring after surgery and regular follow-up
ty of hormone therapy for ovarian AGCT needs
further exploration. Hormone therapy can beis required to detect relapse at an early stage,
come an option for the treatment of patients
which allows specialists to discuss treatment
with ovarian AGCT only based on sufficient exoptions and maximize potential survival in paperimental theory and data from randomised
tients eligible for secondary cytopenia. The proclinical trials.
gression of AGCT is slow, resulting in an irregular incubation period for recurrence, with some
The current chemotherapy and radiotherapy
patients experiencing relapse 30 to 40 years
regimens have not yielded satisfactory results
after surgery [121]. Therefore, regular follow-up
in the treatment of ovarian AGCT. Therefore, it
is necessary. Although CA125 is considered
is necessary to develop novel alternative thethe primary indicator of EOC recurrence, its relrapies, especially when patients have been
evance as a marker for AGCT follow-up is conunable to pass surgical treatment. More importroversial [41, 122]. Routine follow-up of patantly, targeted therapy is more selective and
tients with AGCT includes standard gynaecoless toxic than chemotherapy. AGCTs have a
logical examination and the detection of serum
high blood vessel system; therefore, antiangiomarkers. The most common site of recurrence
genic drugs have been used in cases of recuris the pelvis, thereby necessitating a standard
rent disease [115, 116]. A study conducted at
gynaecological examination. However, more
the MD Anderson Cancer Center highlighted
than half of the patients tend to have extrapelthe potential role of bevacizumab; however, the
vic spread; therefore, the detection of serum
results must be interpreted with caution owing
markers is an important aspect of the follow-up
to the small sample size (n = 36 patients) [116].
regimen for patients with ovarian AGCT. Recent
An international randomised clinical trial, constudies have suggested that inhibin can be
ducted by the Groupe d’Investigateurs Naused as the chief indicator of ovarian AGCT durtionaux pour les Etudes des Cancers del’Ovaire
ing follow-up [52, 123]. In addition, a study
(GINECO), confirmed that patients who could
reported a significant increase in the serum
not be treated surgically did not show clinically
AMH level in patients demonstrating AGCT
significant outcomes following weekly paclirecurrence; thus, AMH can be used as an inditaxel plus bevacizumab treatment [117]. The
cator during follow-up [124]. The recommendahigh-frequency FOXL2 mutation suggests that
Table 1. Recommendations for the follow-up of patients with ovarian AGCT
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Table 2. Exploring the pathogenesis of ovarian AGCT
Pathway/Factor

In vitro

Notch signalling pathway

In vivo

KGN cell line

BMP signalling pathway
SMAD 4
FOXL2-SMAD4

GATA4

[131]

FOXO1/3-/- mice

[133]

Ptenflox/flox, AMHRcre/+ mice

[133]

KGN cell line

[58, 134]

Inhibin

Inhα-/- mice

[135]

FOXL2-/- KGN cell line; KGN cell line; COV434 cell line

[80]

KK-1 cell line; COS-7 cell line; KGN cell line

[136]

Activin A/PI3K signalling pathway
Activin/SMAD2/3 signalling pathway

tions for follow-up after initial surgery are presented in Table 1.
Quality of life and symptom management
Given the slow progression of AGCT, patients
may undergo a variety of treatments and experience side effects, which can significantly
affect their quality of life. Efforts are being
made to integrate the patients’ perspectives in
clinical therapies that aim not only to prolong
but also improve their quality of life. Implementing this idea will mean that multiple experts balance the safety and risks of treatment,
especially when adjuvant therapy is not reliable
at present. High post-recurrence mortality is
also a common phenomenon in patients with
ovarian AGCT, which is the most destructive
event after the first treatment. More than half
of the patients who experience relapse once
are likely to have repeated recurrence, indicating a pattern similar to EOC. With each recurrence, the median time to subsequent recurrence is shortened by half, which significantly
affects the quality of life of patients [40].
However, improving the quality of life of patients
remains a challenge as existing treatments
have failed to improve the situation, thus
emphasising the need for early initiation of palliative care [125].
Exploring and future
The origin of AGCT has long been confirmed;
however, there is no reasonable explanation
regarding the evolution of normal GCs into
AGCT. The development of a tumor requires the
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[130]
[132]

PI3K/AKT signalling pathway and Wnt
signalling pathway

GATA4-Bcl-2

[128, 129]

SMAD4loxp/loxp AMHR2 Cre mice
KGN cell line

PI3K/AKT signalling pathway

Estrogen/FOXL2 signalling pathway

BMPr1a-/- mice, BMPr1b-/- mice
SMAD4-/-FOXL2-/- mice, FSHD-/- mice

NFKB signalling pathway

Ref.
[126, 127]

Cre+ mice

[137]

SMAD3-/- mice

[138]

participation of multiple signalling pathways. A
series of in vivo and in vitro experiments have
been conducted focusing on the hormonal
activity, FOXL2 mutation and the common carcinogenic pathways to understand better the
pathogenesis of AGCT and identify key therapeutic targets. These experiments provide biological insights to clarify the pathogenesis of
AGCT (Table 2). Nonetheless, the outcomes
have not been confirmed via clinical trials.
Given the rarity of AGCT, successful clinical trials cannot be carried out without international
cooperation. Moreover, clinical trials tend to
focus on the main carcinogenic signalling pathways, including the PI3K/AKT and MAPK signalling pathways.
Determining the pathogenesis of AGCT is beneficial for the development of individualized
drugs and the management of patients, especially those with postoperative recurrence.
Individualized drugs may determine the key
therapeutic targets for AGCT, allowing clinicians
to provide more appropriate treatment options
for individual patients rather than treating multiple patients with different responses with the
same drug. Personalised medicine considers
the heterogeneity of tumor response to drugs,
thereby permitting the selection and treatment
of patients with a good response to a certain
drug.
Conclusion
AGCT is a subtype of ovarian cancer with low
incidence and a favourable prognosis. The high
recurrence rate is the key factor leading to the
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Figure 4. The evolution and pathogenesis of AGCT. A. Schematic representation of AGCT. The occurrence of AGCT
needs to undergo a cyclical process of follicular formation, and ultimately originates from the proliferation of follicular granulosa cells before ovulation. B. Various pathways of granulosa cells and granulosa cells involved in proliferation may be involved in AGCT tumorigenesis.

death of patients. Surgery is the most important treatment for AGCT, and the effectiveness
of adjuvant therapy is not ideal. Therefore,
3504

there is an urgent need to explore new treatment strategies. Considering the rarity of
AGCT, clinical trials conducted with internationAm J Cancer Res 2022;12(8):3495-3511

Adult-type granulosa cell tumor of the ovary: a review
al cooperation are essential to identify novel treatments. Currently, the pathogenesis of
AGCT remains unclear, although several studies have shown that FOXL2 mutation and some
carcinogenic signalling pathways and factors
may be involved in the development of the disease (Figure 4). Exploratory research is being
carried out to hypothesis-driven experiments
and transformation research. Ovarian AGCT
progresses slowly and has a long incubation
period, which poses a significant challenge in
managing the quality of life of patients. Establishing a strong multidisciplinary network will
combine research with clinical practice, which
would be beneficial to treat patients and help
them manage their daily living activities. The
significance of cancer treatment depends on
the improvement in clinical symptoms and
quality of life of patients. Future explorations
should integrate the perspectives of the patients for holistic outcomes.
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