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epidemiology of granulosa cell tumors
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Abstract

Background Granulosa Cell Tumors (GCT) are considered the most frequent type of sex-cord stromal tumors. These
tumors constitute 3-6% of neoplasms of the ovaries. GCTs are divided into 2 types: Juvenile GCT (JGCT) and Adult
GCT (AGCT). Most patients are diagnosed early in the course of the disease and tend to have a favorable prognosis.
In the surgical treatment of GCT, two main factors play role in the determination of feasibility of the surgery: age and
tumor stage.

Methods A retrospective study was conducted on 65 consecutive female patients diagnosed with ovarian GCT at
different hospitals across Lebanon who were referred to the National Institute of Pathology, Beirut-Lebanon, between
January 2000 and January 2020. Then, they were divided according to types: adult versus juvenile type. Statistical
analysis was carried out using Stata, version 16.

Results The incidence of GCT in a Lebanese population was 16.2 per million per year. The mean age of the studied
population was 55.6 years. AGCT was the most common with a prevalence of 91% versus 19% for JGCT. Also, inhibine
(the most important immunomarker) was found in 77.2% of adult cases. High mitotic index and high tumor size
which are predictors for poor prognosis were respectively 20% and 36.9%. Concerning the histopathological features,
Grooved nuclei and Exner bodies were less frequently observed in juvenile type (16.7% for both) compared to adult
type (36.9%). Most patients with GCT were diagnosed in the early course of disease mainly due to the manifestation
of the symptoms as abdominal pain, postmenopausal bleeding or intermenstrual bleeding, and the good diagnosis
and screening practices in Lebanon. Regarding the recurrent cases, a significant correlation with high mitotic index
(76.9%), high tumor size (92.3%) and advanced stage (46% for stage 3 and 46% for stage 4) was found with a p < 0.05.

Conclusions The incidence of GCT in the Lebanese population is 16.2 per million per year. The majority of patients
with GCT in Lebanon are of Adult type representing around 90% of cases. Older age, high mitotic index and big tumor
size are predictors for poor outcomes.
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Introduction

Granulosa Cell Tumors (GCTs) are the most commonly
diagnosed sex cord-stromal tumors accounting for 5% of
malignant ovarian tumors and 90% of sex cord-stromal
tumors [1, 2]. About 21,000 women are diagnosed with
ovarian tumors every year in the United States leading to
the death of around 14,000 [3]. Of these women, 2% have
GCT where almost 95% have the adult type (AGCT) and
the remaining have the juvenile type (JGCT) [4]. As the
name indicates, GCTs originate from the ovarian granu-
losa cells that represent the somatic component of the
follicles of the ovary. Granulosa cells produce sex steroids
and various growth factors which are mandatory for ovu-
lation and folliculogenesis [5, 6].

GCTs have architectural patterns and may show a com-
bination of macro-follicular, micro-follicular, trabecular,
insular and cystic morphologies [7]. GCT patients clini-
cally present with abdominal bloating, abdominal pain,
fullness, pelvic mass, hormonal events (postmenopausal
bleeding or intermenstrual bleeding) [8]. Other possible
symptoms include nausea, dizziness, shoulder pain, and
fullness [1]. Histologically, the architecture of JGCT is
solid or multinodular with rare follicular differentiation,
the cells are notched with more pronounced cellular
pleomorphism and frequent luteinization, whereas the
adult type has five different architectural forms: micro-
follicular, macro-follicular, insular, trabecular, spindle-
shaped or sarcomatoid. Cells of AGCT have pale nucleoli,
ovoid shape, may have luteinization and a high aspect of
notch in coffee-bean appearance. In addition, AGCT has
Call Exner bodies, that are characteristic of this tumor,
and a low mitotic index [9].

There are different stages of GCT. Stage 1, constituting
70% of all GCTs, is characterized by tumor growth in one
ovary (unilateral). Stage 2 is defined by growth in either
one or both ovaries (unilateral or bilateral) with presence
of pelvic adhesions. Stage 3 is defined by growth in one
or both ovaries (unilateral or bilateral) with peritoneal
adhesions or positive nodes. Stage 4 is defined by growth
in one or both ovaries (unilateral or bilateral) with distant
metastasis (liver, bone...) [6, 10, 11].

The most important prognostic factor is staging [12].
Prognostic factors are divided into risk categories: low
risk, intermediate risk and high risk [13]. The low risk is
stage I categorized patients who have no need for post-op
therapy with a survival rate of 90%. On the other hand,
patients with high risk stage I or low risk stage II need
adjuvant chemotherapy or radiotherapy. Finally, the high
risk category is found in Stage III and IV requiring che-
motherapy or whole abdominal radiotherapy [5, 10, 12].
Recurrences in patients with AGCTs tend to be later than
in patients with JGCTs [14].

In the Middle East, and especially in Lebanon, there is
a substantial lack of epidemiological data regarding GCT.
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Furthermore, the fork head box protein L2 (FOXL2) test
which differentiates GCT from other cord sex tumors is
not covered by a third payer. Accordingly, there is a dire
need to estimate the incidence of GCT in the Lebanese
population while investigating the variant types, histo-
pathological features, predictors for recurrent cases and
immunomarkers and comparing the situation to other
developed countries. This would help in emphasizing the
importance of awareness campaigns and the different
tumor characteristics between different populations that
may be explained by genetic variability.

The primary objective of this study was to determine
the incidence of juvenile and adult types of GCT in
Lebanon along with comparing them to other countries,
assessing the number of GCT compared to all ovarian
tumors, and determining the prognostic factors and the
recurrence rate of GCT in Lebanon.

Methods

Study design and population

This study was an observational retrospective monocen-
tric study conducted on patients referred to National
Institute of Pathology, Beirut-Lebanon between January
2000 and January 2020.

A total of 65 female patients are included. Patients
were eligible for participation in the study if they were
diagnosed with ovarian GCT. All patients with benign
tumors, different tumor types and incomplete data were
excluded. The studied population was furthermore
divided into 2 groups; AGCT and JGCT. Finally, the
recurrent cases were investigated to detect the predictors
for recurrence, bad prognosis.

Procedures of data collection measurements

Tumor staging and patients’ data were collected from
various hospitals and centers: Ain Wazein Hospital,
Haroun Hospital, Dahr El Bachek Hospital, Middle East
Institute of Health University Hospital (MEIH) Bsalim,
American University Hospital (AUH), Centre Hospitalier
du Nord (CHN), and Mazloum Hospital.

All pathology results performed between the defined
study period (2000-2020) were analyzed. All pathology
exams were done by the same reference physicians. Data
concerning the demographic characteristics, diagnostic
criteria, recurrence, positive immunomarkers (Calretinin,
Cytokeratin, CD99 and Vimentin) and tumor characteris-
tics like mitotic index, size, presence of grooved nuclei or
exner bodies, macro- or micro-follicular, trabecular and
insular aspects were collected.

Data analysis

Quantitative data were summarized with means and
standard deviations while qualitative data were sum-
marized with count and percentage. The incidence was
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Table 1 Characteristics of the studied population

Criteria Whole Popula- JGCT (N=6) AGCT
tion (N=65) (N=59)
Mean age 55.6 years 21 years 60 years
Macrofollicular 8 (123%) 1(16.7%) ( 86%)
Microfollicular 3 (20%) 3 (50%) 0(16.9%)
High mitotic index 3 (20%) 1(16.7%) 2 (20.3%)
High tumor size 24 (36.9%) 4 (66.7%) 20 (33.9%)
Grooved nuclei 27 (41.5%) 1(16.7%) 26 (40%)
Exner bodies 25 (38.5%) 1(16.7%) 24 (36.9%)
Trabecular 14 (21.5%) 1(16.7%) 13
(22.03%)
Insular 7 (10.8%) 1(16.7%) 6 (10.17%)
Recurrence 13 (20%) 1(16.7%) 12 (20.3%)

JGCT: Juvenile Granulosa Cell Tumor, AGCT: Adult Granulosa Cell Tumor

calculated according to the international defined for-
mula in public health: number of new cases of disease
during specified time interval/summed person-years
of observation or average population during time inter-
val. T student test was used for pairwise comparison of
quantitative data whereas Chi-square test was used for
pairwise comparison of qualitative data. A binary logistic
regression was performed to investigate the independent
variables correlated to recurrent cases, adult and juvenile
tumors types. A p-value <0.05 was considered significant.
All statistical analysis was carried out by Stata, version
16.

Results

Patients’ characteristics and incidence of ovarian GCT

The mean age of the studied population was 55.6
years. Out of 65 patients: 6 (9.2%) had juvenile type, 59
(90.8%) had adult type, 24 (36.9%) had a high tumor size
(>10 cm), 27 (41.5%) had grooved nuclei, 25 (38.5%)
had exner bodies, 8 (12.3%) were macrofollicular, 13
(20%) were microfollicular, 14 (21.5%) were trabecular,
7 (10.8%) were insular. The number of new cases during
the study period was 65 and the summed person-years of
observation was (3.5 millions+4.5millions/2). The inci-
dence of ovarian granulosa tumor in our studied popula-
tion is 16.2 per million per year. Baseline characteristics
are shown in Table 1.

JGCT versus AGCT

Taking into consideration the juvenile group (N=6), the
mean age was 21 years. Out of 6 patients: 1 (16.7%) had
recurrent disease. Regarding tumor characteristics: 1
(16.7%) had high mitotic index (defined as greater than
4-10/10Hpf), 4 (66.7%) had a high tumor size (>10 cm), 1
(16.7%) had grooved nuclei, 1 (16.7%) had exner bodies, 1
(16.7%) were macrofollicular, 3 (50%) were microfollicu-
lar, 1 (16.7%) were trabecular, 1 (16.7%) were insular. Sta-
tistical analysis shows a significant correlation between
juvenile ovarian GCT type and young age, and high
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Table 2 Characteristics of patients with recurrent disease

(N=13)

Mean age 61.7 years
Adult type 12(92.3%)
Juvenile type 1(7.7%)
High mitotic index 10 (76.9%)
High tumor size 12 (92.3%)
Grooved nuclei 4(30.7%)
Exner bodies 5 (38.4%)
Macrofollicular 2 (15.40%)
Microfollicular 3(23%)
Trabecular 2 (15.40%)
Insular 1 (7.70%)
Stage 1 0 (0%)
Stage 2 1(7.7%)
Stage 3 6 (46%)
Stage 4 6 (46%)

tumor size (p-value<0.05*) (Table 1). Young patients (age
less than 30 years old) are more predisposed to ovarian
GCT, also those with high tumor size (more than 10 cm)
are more exposed to develop GCT than others

Taking into consideration the adult group (N=59), the
mean age was 60 years. Out of 59 patients: 12 (20.3%) had
recurrent disease. Regarding tumor characteristics: 12
(20.3%) had high mitotic index (defined as greater than
4-10/10Hpf), 20 (33.9%) had a high tumor size (>10 cm),
26 (40%) had grooved nuclei, 24 (36.9%) had exner bod-
ies, 7 (11.86%) were macrofollicular, 10 (16.9%) were
microfollicular, 13 (22.03%) were trabecular, 6 (9.2%)
were insular. Statistical analysis shows a significant cor-
relation between adult ovarian GCT type and older age
(>50y) (»<0.05) (Table 1)

Recurrent GCT cases

Regarding recurrence while most cases were observed in
adult type (92.3 vs. 7.7%), statistical analysis didn’t show
a significant relationship with p-value=0.09. The mean
age of recurrent cases was 61.7 years. In recurrent cases,
high mitotic index was observed in 76.9% (10 cases), high
tumor size in 92.3% (12 cases), grooved nuclei in 30.7%
(4 cases) and exner bodies in 38.4% (5 cases). 15.4% of
recurrent cases were macrofollicular while 23% were
microfollicular, 15.4% were trabecular and 7.7% were
insular. Statistical analysis showed a significant relation-
ship between recurrence and the presence of high mitotic
index and high tumor size (Table 2) (p-value=0.09)

View the loss to follow-up, we have defined the stage of
35 patients. Indeed, 7 were classified in stage 4 (23.3%), 9
in stage 3 (25.7%), 12 (34.3%) in stage 2 and 10 in stage 1
(28.6%). Regarding the tumor types: 5 out of 7 in stage 4,
4 out of 9 in stage 3, 7 out of 12 in stage 2 were adult type

All recurrent cases were stages 3 and 4 except for 1
which was stage 2. A significant relationship after using
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Mann-Whitney U test to study the difference of preva-
lence of recurrence between high stage group (3 and 4)
versus low stage group (1 and 2)

Immunomarkers

Immunomarkers were positive for inhibine in 75%, for
calretinin in 78.3%, for cytokeratin in 50%, for CD99 in
82.6% and for vimentin in 100%. The distribution among
adults and juvenile and the incidence of recurrence
among each type are detailed below (Table 3)

Discussion
Our study showed a global incidence rate of ovarian GCT
in Lebanese population around 16.2 per million per year.
Based on the fact that National Institute of Pathology
received tests from different hospitals of several Leba-
nese regions, we can consider that this population sample
reflected the status of general Lebanese population. The
incidence was calculated by using the defined formula
according to the rules in epidemiology of public health
which was the number of new cases of disease during
specified time interval/summed person-years of observa-
tion or average population during time interval. The new
cases between this period were 65 cases and the summed
person-years of observation was (3.5 million+4.5 mil-
lion/2). The estimated exposed Lebanese population is
3.5 million in 2000 and 4.5 million in 2020. So overall, the
summed person-years is 4 million. The adult tumor type
was more common than juvenile type and was observed
more in older individuals. Also, the recurrent cases were
more often observed in adult type without signaling a sig-
nificant correlation (p=0.09). An older age, high mitotic
index and high tumor size are identified as predictors for
high risk of recurrence. All these resumed the main find-
ings of our study

Based on the world cancer report, the cases of ovarian
cancer increased annually by 239,000 accounting 10,000
for the adult GCT. The definite incidence of ovarian GCT
isn’t known but it varies between 5 and 14 per million
per year in the European countries such as Denmark,
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Sweden, Finland and Netherlands and it is estimated
at 9.9 per million in the United States. Also, Brik et al.
showed that the international incidence of GCT ranges
between 4.7 to 16 per million [15]. Subsequently, our
calculated incidence seems on the upper limit while
the distribution between Juvenile (9.2%) and Adult type
accounting for 90.8% of all cases is closer to the global
norms (95% for adult versus 3-5% for juvenile). This
higher incidence may be explained by the low rate of
hysterectomy and oral contraceptive use in the Lebanese
population knowing that these factors on top of tubal
ligation are known to have been reduced the risk of ovar-
ian tumor. Furthermore, the lack of doing the FOXL2 test
which confirms the case of GCTs or differentiates it from
other tumors is a reason supporting the hypothesis of an
over-diagnosis

The mean age was 13 in the juvenile group and 54.5
in the adult group. In parallel, a higher mean age was
reported in the adult group (60 years old) in European
population compared to the juvenile group (21 years old)
[16]. The lower mean age of ovarian cancer in our stud-
ied population could reflect the effectiveness of aware-
ness campaigns and screening programs as the important
compliance of the Lebanese population. However, the
younger mean age of juvenile tumor may reflect a greater
impact of the hereditary risk factor.

Considering the histopathological features, GCT was
respectively 20% trabecular, 15.4% microfollicular, 10.7%
macrofollicular and 9.2% insular while in a studied Euro-
pean population the percentage was respectively 11%,
22%, 6% and 14%. In parallel, inhibine was positive in
75%, calretinin 78.3% and CD99 in 82.6%. However,
previous study performed in an European population
revealed a positive inhibine in 100% of AGCTs and for
calretinin [16, 17]. The significant difference in these
findings may be due to the advanced techniques, more
available tests, and role of genetic component. Also, in
our small sample we highlight a significant higher rate
of positive inhibine in the adult group (90% vs. 80%).
Moreover, previous studies have shown that all AGCT

Table 3 Incidence and distribution of immunomarkers along with comparative percentages

Immuno-marker Number of performed tests Positive Negative
Count AGCT JGCT Count AGCT JGCT
Inhibine 40 30 (75%) 27 (90%) 3 10 (25%) 8 2
(10%) (80%) (20%)
Calretinin 23 18 16 2 5 5 0
(78.3%) (88.9%) (11.1%) (21.7%) (100%) (0%)
Cytokeratin 20 10 9 1 10 9 1
(50%) (90%) (10%) (50%) (90%) (19%)
D99 23 19 17 2 4 4 0
(82.6%) (89.5%) (10.5%) (17.4%) (100%) (0%)
Vimentin 18 18 16 2 0 0 0
(100%) (88.9%) (11.1%) (0%) (0%) (0%)

JGCT: Juvenile Granulosa Cell Tumor, AGCT: Adult Granulosa Cell Tumor



Yaacoub et al. BMC Cancer (2024) 24:309

and JGCT presented hypercellularity, clusters, sheets,
single cells and naked nuclei whereas exner bodies and
grooves were seen only in AGCTs. In opposition, JGCT
showed more striking cellular atypia. These findings
were also highlighted in our results where Call Exner
bodies were almost shown in adult type except for only
one case of juvenile type. Moreover, the difference in the
immunohisto pathological features may be due to genetic
factor variations between the Lebanese and European
population and also it may be explained by the presence
of numerous cases classified by default as GCTs view the
non-feasibility of FOXL2 test

AGCTs are known for their relatively good prognosis
and tendency for late relapse. In recent studies, the rate
of tumor recurrence varies widely from 5-64%. Indeed,
the rate of recurrence was 20% in our studied popula-
tion and it was significantly more observed in the highest
stage group (3 and 4) p<0.05. Several predictor factors
were identified like tumor size, stage, histological fea-
tures such as mitotic index and the residual tumor. Also,
our study emphasized that big tumor size (>10 cm), high
mitotic index, advanced age and stage were determi-
nants predictor for recurrence. It is noteworthy that most
patients with GCT are diagnosed in the early course of
the disease due to the severity of the symptoms associ-
ated with GCT. Most women face abdominal pain along
with menstrual abnormality or bleeding even after meno-
pause, thus driving them to seek clinical examination and
histopathologic analysis. Even more, this indicates that
awareness campaigns and screening programs are effec-
tive in Lebanon. Tumor stage is the only clinical prognos-
tic factor that is reported positive in virtually all studies
and also in multivariate analyses. Larger tumor size has
been associated with poorer outcome also in multivari-
ate analysis. However, this is not a consistent finding in
other series. Ud Din et al. reviewed 156 cases and con-
cluded that tumor size is associated with higher risk of
recurrence [18]. Preoperative or preoperative tumor
rupture has been proposed to influence particularly the
risk for tumor recurrence. Histological prognostic fac-
tors include mitotic index, poor differentiation of the
tumor, and nuclear atypia. Although, cellular atypia and
mitotic index may help in determining the prognosis
of GCT, they are difficult to evaluate. Like us, numer-
ous studies have found a correlation between higher
mitotic index and poor prognosis of GCT. These results
may be due to similar common characteristics between
this studied population compared to others or may con-
firm the universal features of recurrent cases of GCT
[15-17]. Although FOXL2 mutation is associated with
early relapse and worse outcome [19], other alternative
immune stains, such as CD56, SMAD3, Inhibin A and
Calretinin, can be utilized as independent predictors of
GCT recurrence [20]
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Study limitations

Considering the fact that GCTs can be associated in
approximately 10% of the cases with Endometrial Car-
cinoma, we strictly reduced our study population to
patients who were free of this pathology or other tumors.
Further limitations of our retrospective study were the
loss of data of many patients from hospital directories,
the death of many patients with inability for file recov-
ery from the hospitals and the small number of cases in
Lebanon

Study perspectives
This study aims to evaluate the incidence of ovarian GCT
in a Lebanese population and to compare the findings to
these found in other population like European and US
population. Moreover, we aim to highlight on the impact
of these tumors and the importance to improve the diag-
nostic method. Especially, we emphasize on the interest
to perform the FOXL2 test which help to differentiate the
several types of sex-cord tumors

Indeed, we aim to focus on the interest for the commu-
nity to provide a third part payer for this test. Further-
more, view that the calculated incidence is in the upper
limit of the international range; a survey study aiming to
screen the using of oral contraceptive pills, gynecologists
practice, awareness campaign is useful. More developed
randomized clinical trials investigating the management
of GCTs in Mediterranean population and the genetic
variation are recommended. Further, future epidemiolog-
ical studies involving the Lebanese population is needed,
especially view the lacking of similar data in our commu-
nity where the most data are extrapolated from the Euro-
pean countries

Lastly, early stage is associated to better prognosis.
Also, early detection or early diagnosis leads to a better
outcome. All these result in the importance of population
awareness. A message that we hope to spread it for our
Lebanese community by showing the highest incidence
of this tumor type. Moreover, the cost of FOXL2 test
must be estimated and economic facilities will be plani-
fied in order to perform more commonly this useful diag-
nostic test

Conclusion

In conclusion, GCTs have a favorable outcome because
the majority of patients are diagnosed in early stages.
GCT are uncommon ovarian neoplasms in Lebanon and
abroad (i.e. US) with the majority being of Adult type.
Patients younger than 30 years old are more predisposed
to ovarian GCT, and those with tumor size greater than
10 c¢cm are more predisposed to GCT development than
others. Furthermore, diagnostic criteria are mandatory to
differentiate between JGCT and AGCT. It’s also impor-
tant to note that GCT patients may relapse even 1 year
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after initial treatment which is why follow-up with tumor
markers is necessary and possibly life-saving!

Note that many prognostic factors have been identified
to lead to a poorer outcome and to a higher recurrence
rate: a more advanced tumor stage, classified as the most
important, a higher mitotic index, a larger tumor size, an
advanced age at the time of diagnosis and the presence of
a residual tumor after surgery

Lastly, the Lebanese situation of GCT is close to what’s
reported in the literature in different countries and vari-
ant population. Genetic variability could be the potent
responsible agent explaining the difference in histopatho-
logical features

Abbreviations

AGCT Adult Granulosa Cell Tumor

AUH American University Hospital

CHN Centre Hospitalier du Nord

FOXL2 Fork Head Box Protein L2

GCT Granulosa Cell Tumor

Hpf High-Power Fields

JGCT Juvenile Granulosa Cell Tumor

MEIH Middle East Institute of Health University

Hospital Research Terms and Definitions

It refers to GCT in females older than 50
years of age

It refers to GCT in females younger than 30
years of age

It is defined as the maximum diameter

of the lesion as inspected in pathologic
examination. A diameter greater than 10 cm
refers to a high tumor size; a diameter less
than 10 cm refers to a low tumor size

It refers to the number of mitoses in 10
consecutive high-power fields (Hpf)

from the lesion. When it is greater than
4-10/10Hpf, it reflects high mitotic index;
when it is lower than this value, it reflects a
low mitotic index

Adult Granulosa Cell Tumor
Juvenile Granulosa Cell Tumor

Tumor size

Mitotic index
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