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Abstract

Objective Adult granulosa cell tumors (AGCTs) account
for less than 5 % of all ovarian malignancies, whereas the
majority (95 %) occurs after the age of 30 (adult-type) and
present at an early stage. Aim of this study is to identify
clinical and pathological risk factors for recurrence in early
stage AGCTs.

Methods Retrospective review of patients with AGCT of
the ovary, treated surgically at our institution from 1996 to
2011. Clinical, pathological and follow-up data were col-
lected. Systematic analysis was performed to determine
variables for predicting recurrence.

Results Intotal, 43 patients were identified. The mean age at
diagnosis was 54.3 years and 65.1 % of them were post-
menopausal. All patients underwent surgical staging and
intraoperative rupture of the tumor occurred in four of them
(9.3 %). The majority of the cases were staged as IA (72.1 %)
while 10 (23.3 %) were staged as IC and only two patients as
IIB. Mitotic index was 4 or more in 34.9 % of the patients and
nuclear atypia was moderate to highin 60.5 %. During follow-
up period (mean 9.2 years), recurrence occurred in three
patients (7 %) with no deaths recorded so far. The cumulative
recurrence free rate for the first 2 years was 97.6 %
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(SE = 24 %), for 5 years 94.9 % (SE = 3.5 %) and for
10 years 91.0 % (SE = 5.1 %).Tumor size, stage and mitotic
index proved to be independent predictors for recurrence at the
multivariate analysis.

Conclusions Recurrence in early stage AGCT seems to be
associated with stage, tumor size and mitotic index. All the
above should be taken into consideration when tailored
postoperative management is planned.

Keywords Ovarian cancer - Granulosa tumor - Prognostic
factors - Early stage

Introduction

Adult granulosa cell tumors (AGCT) form a part of sex
cord-stromal ovarian malignancies. AGCT account for
approximately less than 5 % of all ovarian tumors and can
be classified into adult (95 %), and juvenile (5 %) types
depending on histological findings [1]. AGCTs are usually
diagnosed in menopausal or postmenopausal women (av-
erage age 50-54) and are thought to be tumors of low
malignant potential, following a benign course, with only a
small percentage showing aggressive behavior [1].
Although there is no consensus on the pathogenesis of these
tumors, most investigators believe they originate from early
ovarian mesenchyma as they are composed of granulosa cells,
theca cells and fibroblasts in varying degrees [2, 8]. The
reported incidence rate in the Unites States is 0.99 person per
100,000 and in Europe ranges from 0.4 to 1.7 person per
100,000. Since AGCT is so rare, limited data is available
regarding predisposing risk or prognostic factors [3, 4, 8].
Surgery is the mainstay of treatment for patients with
AGCT both in the primary and the recurrent setting.
Adjuvant chemotherapy and/or radiotherapy are reserved
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for patients diagnosed with advanced disease after surgical
staging, and for patients with unresectable recurrent tumor.
Recurrences develop in 15-25 % of patients in early stage
and in 50-70 % in advanced stages, often after a long
disease free interval [23]. Advanced stage seems to be an
important prognostic factor, while other variables, such as
age, tumor size and histological characteristics might also
play a significant prognostic role [6].

In this study, we aimed to identify prognostic factors
related to recurrence and overall survival in early stage
adult granulosa cell tumors of the ovary, by analyzing
clinical data, treatment method and pathological features of
patients with AGCT treated in our hospital. We decided to
exclude the advanced stages as these were not as common,
and for that reason would not provide us with any impor-
tant clinical findings.

Materials and methods

This is a retrospective single center cohort study of all
patients with early stage (I and II) AGCT diagnosed and
treated at the 1st Department of Obstetrics and Gynecol-
ogy, University of Athens, Alexandra Hospital, Greece,
from January 1996 to December 2011. A review of their
medical records was performed and clinico-pathological
parameters, such as age, menopausal status, presenting
symptoms, examination findings, radiologic and laboratory
workup, operative findings, procedures performed, cytore-
duction rate, postoperative treatment and follow-up were
collected. The patients were staged according to FIGO
2009 [10] and the histopathological classification was
according to WHO [11]. The study was registered within
the audit department of our institution.

Quantitative variables were expressed as mean values
(SD: standard deviation) or as median values (IQR:
interquartile range). Qualitative variables are expressed as
absolute and relative frequencies. The prognostic value of
age, menopause, U/S finding, CA-125, tumor size, intra-
operative rupture of tumor, stage, pelvic lymphadenec-
tomy, surgical staging, nuclear atypia, mitotic index and
endometrial histology for recurrence was first assessed by
univariate Cox regression analysis [1]. Multiple Cox
proportional-hazards analysis in a stepwise method (p for
removal was set at 0.1 and p for entry was set at 0.5) was
used to find independent predictors associated with
recurrence. Hazard ratios with 95 % confidence intervals
are presented from the results of Cox regression analysis.
The assumption of proportional hazards was evaluated by
testing for interaction with a continuous time variable.
Kaplan—Meier survival estimates for recurrence were
graphed over the follow-up period. Life table analyses
were used to calculate cumulative recurrence free rates
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(standard errors) for specific time intervals. Using recei-
ver operating characteristic (ROC) curve, we determined
the optimal cutoff of tumor size for the prediction of
recurrence. Sensitivity and specificity were calculated for
the optimal cutoff as well. All reported p values are two-
tailed. Statistical significance was set at p < 0.05 and
analyses were conducted using SPSS statistical software
(ver 19.0).

Results

A total of 43 women with a mean age of 54.3 years
(SD = 17.4 years) were included in the study. Sample
demographics and clinical characteristics are presented in
Table 1. Among the patients, 64.6 % were post-
menopausal. In all cases, a computed tomography was
performed preoperatively and showed a mainly cystic
ovarian tumor in 45.8 % of cases, while the ovarian mass
was hugely solid in 22.9 % of cases. The mean diameter of
the ovarian mass was 10.3 cm (SD = 6.5).

Serum tumor marker CA-125 was studied in all patients
and was measured preoperatively. It was found to be within
normal levels and the average was 14.7 IU/ml (range
11.0-38.0 IU/ml).

The primary treatment was surgery in all cases. In
postmenopausal women or women who had completed
their childbearing, surgery included at least total abdominal
hysterectomy and bilateral salpingo-oophorectomy. If fur-
ther pregnancy was desirable, conservative surgical
approach including only unilateral oophorectomy was
performed in selected cases and after informed consent was
obtained. Bilateral pelvic lymphadenectomy was not stan-
dard and was again performed in selected cases depending
on tumor rupture presence of macroscopic pelvic metas-
tasis, surgeon’s preference and performance status of the
patient (18.8 % had pelvic lymphadenectomy). Among all
patients, 28 (58.3 %) underwent primary staging surgery
including total abdominal hysterectomy, bilateral salpingo-
oophorectomy, while the rest of the patients had unilateral
salpingo-oophorectomy. Both groups of patients also
underwent infracolic omentectomy and pelvic or no pelvic
lymphadenectomy. According to FIGO surgical staging,
two of the cases (4.7 %) were staged as 1IB, while the
majority was IA and IC. Intraoperative rupture of tumor
occurred in four patients 9.3 %. No adjuvant treatment was
given to any of the patients included in this study.

Mitotic index was 4 or more in 34.9 % of the patients
and nuclear atypia was moderate to high in 60.5 % of the
cases. The mean follow-up period was 9.2 years
(SD = 4.6) with median equal to 9.1 years (interquartile
range from 5.1 to 13.3 years). During the follow-up period
recurrence occurred in three patients (7 %) and none of
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Table 1 Sample characteristics

N (%)

Age, mean (SD) 54.3 (17.4)
Menopause

No 15 (34.9)

Yes 28 (65.1)
U/S finding

Cystic tumor 20 (46.5)

Solid tumor 8 (18.6)

Mixed 15 (34.9)

CA-125 (Ul/ml), median (IQR) 14.2 (11.0-30.0)

Tumor size (cm), mean (SD) 9.2 (5.8)
Intraoperative rapture of tumor

No 39 (90.7)

Yes 4 (9.3)
Stage

1A 31 (72.1)

IC 10 (23.3)

1B 2 (4.7)
Pelvic lymphadenectomy

No 35 (81.4)

Yes 8 (18.6)
Surgical staging

No 18 (41.9)

Yes 25 (58.1)
Nuclear atypia

No 5(11.6)

Low 12 (27.9)

Moderate 23 (53.5)

High 3(7.0)
Mitotic index

<3 28 (65.1)

>4 15 (34.9)
Endometrial findings

No hyperplasia 18 (41.9)

Simple hyperplasia 8 (18.6)

Complex hyperplasia with or without atypia 15 (34.9)

Endometrioid endometrial cancer 247

them died. The cumulative recurrence free rate for the first
two years was 97.6 % (SE = 2.4 %), for 5 years 94.9 %
(SE = 3.5 %) and for 10 years 91.0 % (SE = 5.1 %).
None of the patients with stage 1A AGCT recurred. The
recurrences occurred in both the patients with stage 2
disease and one patient with stage 1C disease due to
intraoperative rupture of the tumor.

Univariate Cox regression analysis showed (Table 2) a
significant association of tumor size, stage and mitotic
index with the risk for recurrence. All other factors,
including age, intraoperative rupture of tumor and nuclear

atypia were not significantly associated with recurrence
free survival. Multiple Cox proportional hazard analysis
(Table 3) indicated that the tumor size, stage and mitotic
index were independent predictors of recurrence free sur-
vival. Specifically, increased tumor size by one cm was
associated with 12 % greater hazard. Also, patients with
mitotic index 4 or more had 4.9 times greater hazard for
recurrence compared to those with mitotic index less than
four. Additionally, patients with stage II had 7.71 greater
hazard for recurrence compared to those with stage TA to
IC. ROC curve analysis (Fig. 1) showed that the optimal
cutoff of tumor size for the prediction of recurrence was
12 cm with sensitivity equal to 100 % and specificity equal
to 80 %. The AUC was equal to 0.93 (95 % CI 0.82-1.00,
p = 0.015).

In addition, histologic examination revealed that 25
patients (58.1 %) had endometrial abnormalities in the
hysterectomy specimens (Table 1). This is mainly caused
by resumption of endometrial proliferation due to estrogen
production by the AGCT tumor. Various degrees of
hyperplasia were diagnosed in 23 patients, while
endometrial cancer was detected in two cases. The histo-
logical subtype was endometrioid adenocarcinoma with
moderate differentiation, no adjuvant therapy was given,
and as mentioned before, this finding was not an inde-
pendent factor for recurrence.

Discussion

Although early stage ovarian AGCT are considered low
grade malignancies with a favorable prognosis, patients
diagnosed with AGCT still suffer from recurrent disease
despite surgical treatment. Therefore, an effort for deter-
mination of prognostic factors in these relatively rare
tumors should be attempted.

According to published data, stage, age and presence or
absence of residual disease after initial surgery were shown
to be important prognostic factors in AGCTs. [5-7] How-
ever, all studies have important limitations mainly because
they have included only a small number of patients and
also due to heterogeneity in the population included. Our
study as well has important limitations as the number of
patients included is small and the number of incidences
(recurrences) is small as well. For that reason the confi-
dence intervals presented are quite wide and results should
be interpreted with caution. In addition, being a retro-
spective study carries a significant amount of selection bias
and missed data that might influence the results. Never-
theless, our study has the advantage to focus and analyze
only early stage disease minimizing the influence and
biases of other confounding factors like adjuvant
chemotherapy in studies including also advanced AGCT’s.
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Table 2 Results from
univariate Cox regression

analysis for the prediction of
recurrence

Age
Menopause
No
Yes
U/S finding
Cystic tumor
Solid tumor
Mixed
CA-125 (Ul/ml)
Tumor size (cm)
Intraoperative rapture of tumor
No
Yes
Stage
1
I
Pelvic lymphadenectomy
No
Yes
Surgical staging
Hysterectomy + BSO
Unilateral salpingoophorectomy
Nuclear atypia
No/low
Moderate/high
Mitotic index
<3
>4
Endometrial findings

No/simple hyperplasia

Complex hyperplasia/endometrial cancer

HR (95 % CI)* p
0.99 (0.93-1.06) 0.771
1.00°

0.98 (0.09-10.91) 0.989
1.00

3.44 (0.21-57.11) 0.389
1.31 (0.08-20.99) 0.847
1.01 (1.00-1.01) 0.153
1.12 (1.01-1.24) 0.030
1.00

1.11 (0.13-9.26) 0.921
1.00

7.88 (1.10-88.29) 0.037
1.00

2.85 (0.25-33.09) 0.402
1.00

1.43 (0.13-15.78) 0.771
1.00

3.21 (0.52-45.28) 0.187
1.00

427 (1.23-47.39) 0.027
1.00

2.70 (0.25-29.81) 0.418

BSO bilateral salpingoophorectomy

# Hazard ratios (95 % confidence Interval)

P Reference category

Analysis of clinical data from our patients with AGCT
shows that general features such as age distribution were
coherent with findings studied in relevant reports. Since
AGCTs are usually functional, due to estrogen secretion,
the most common symptom is abnormal uterine bleeding.
As a result, endometrial hyperplasia and/or endometrial
adenocarcinoma can be a concomitant finding in women
with AGCT (5-10 %). Sekkate et al. [16] showed that
56 % of patients with AGCT had bleeding disorders
(postmenopausal or intermenstrual bleeding), while Chua
et al. [21] reported that 40 % of them were also refined
with endometrial hyperplasia. In our study, we found 25
cases (58 %) associated with endometrial pathology in the

@ Springer

hysterectomy specimens, whereas in two of them
endometrioid adenocarcinoma was revealed.

Palpable mass and acute abdominal pain may also be
presented as common symptoms in AGCTs, related to big
size of the tumor in 85-97 % [5, 7, 8]. The majority of
other reports conclude that an increase of tumor size can be
associated with a poor prognosis, especially tumors mea-
suring more than 10-15 cm [22, 23]. Our analyses also
confirmed that increased tumor size by one cm was asso-
ciated with 13 % greater risk for recurrence (cutoff
10.3 cm).

Despite some debates in the detection of more precise
prognostic factors for recurrence, it seems that our study is
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Table 3 Results from multiple Cox regression analysis for the pre-
diction of recurrence

HR (95 % CI)* P
Stage
I 1.00°
I 7.71 (1.34-36.24) 0.027
Mitotic index
<3 1.00
>4 4.90 (1.01-47.00) 0.050

Tumor size (cm) 1.12 (1.02-1.30) 0.025

4 Hazard ratios (95 % confidence Interval)

® Reference category

ROC Curve
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Fig. 1 ROC curve for the prediction of recurrence from tumor size

in accordance with others as far as stage is concerned,
which is considered to be the most important factor. Our
study validates that even in between early stage tumors
more advanced stage (II) was one of the main reasons for
recurrence. In addition, we found that the number of
mitoses seems to be inversely proportional to the recur-
rences. All our patients even the ones with stage 2 disease
were completely debulked at initial surgery. The role of
adjuvant chemotherapy in this setting is hugely debat-
able and for that reason none of our patients received
chemotherapy. In light of our results one could argue that
chemotherapy might have a role in stage 2 disease even in
complete cytoreduction, however, this cannot be supported
or recommended by this small retrospective study.
Although surgery is the mainstay of treatment for CGT,
the extent of the surgical approach necessary remains
controversial, and especially in regards to the role of

lymphadenectomy. A resent systematic review on lymph
node metastasis in stage I and II sex cord stromal and
malignant germ cell tumors of the ovary reports that sur-
gical approach varied widely in different studies and
complete staging procedure, as advised by FIGO (hys-
terectomy with bilateral salpingo-oophorectomy and
infracolic omentectomy, biopsy of the diaphragmatic
peritoneum, para-aortic gutters, pelvic and para-aortic
lymphadenectomy) was performed in a small number of
patients. [24, 25, 28] Multiple reasons can account for the
different surgical management of patients with AGCT by
different Gynecological Oncologists. First, there is an
extremely low incidence of lymphovascular invasion in
patients with AGCT (0-8.8 %) [19, 26]. Therefore, most of
the published reports are not supportive of routine lym-
phadenectomy during surgical staging, as in studies where
this was performed, the incidence of lymph node
involvement was almost zero [25, 26]. In addition, in most
cases, histopathological diagnosis is made after initial
surgery and a relaparotomy to complete staging with
lymphadenectomy is not considered necessary. In our ser-
ies, even though lymphadenectomy was performed in a
considerable amount of patients no positive lymph node
was identified.

Moreover, when managing AGCTs, it seems to be
appropriate and oncologically safe to preserve a normal-
appearing uterus and contralateral ovary in a reproductive-
aged woman with apparent early stage disease. According
to a recent retrospective multicenter study, no significant
difference in overall survival was found between patients
with AGCTs managed conservatively (unilateral salpingo-
oophorectomy) in a more comprehensive staging strategy,
including retroperitoneal lymphadenectomy, compared to
those treated with only unilateral salpingo-oophorectomy,
without comprehensive staging. As it was shown, the sur-
vival rates at 5 years were 92 and 97 %, respectively [29].
For that reason, in 15 patients (41.7 %) of our series a
completion staging operation with hysterectomy, contra
lateral oophorectomy and retroperitoneal lymphadenec-
tomy was not considered necessary. None of these patients
with this more conservative approach suffered a
recurrence.

Median follow-up in our study was 9.1 years, which is
significantly longer compared to other similar studies and
may account for the higher recurrence rate observed in our
series [2-9, 12-18]. Recurrent disease 37 and 25 years
after initial diagnosis has been observed and is character-
istic of AGCT’s [20, 27]. For that reason, long-term fol-
low-up is essential for the best management of the patients
and to receive reliable information about the clinical course
of this disease.

In conclusion, and in accordance with our logistic
regression analysis, tumor stage, size and number of
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mitosis remain significant as clinical prognostic parame-
ters, since they are not only factors of proliferation rate but
also signs of invasive and metastatic potential. Currently,
they seem to be the only factors on which clinical treatment
decisions can be based. Given the rarity of AGCTs of the
ovary, prospective multicenter studies based on interna-
tional registry are needed to clarify further possible prog-
nostic factors as well as best management of these patients.
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