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Context: The diagnosis of ovarian hormone-secreting neoplasm in postmenopausal women is currently based on
imaging modalities and selective venography. However, these diagnostic tests are not always accurate. In order
to improve and simplify the diagnosis, we propose a noninvasive hormonal test.
Objective: To report our experience using noninvasive hormonal test for the diagnosis of ovarian hormone
producing tumor in two postmenopausal women.
Design and intervention: Evaluation of androgen and estradiol serum levels following 1. Adrenal hormonal
depression, 2. ovarian hormonal depression and 3. ovarian hormonal stimulation.
Setting: Tertiary care medical center.
Main outcome measures: Changes in androgen and estradiol levels.
Results: In the first case, total testosterone, free androgen index and estradiol serum levels decreased following
ovarian depression by GnRH-antagonist (6.9 nmol/L, 67 nmol/L and b70 pmol/L, respectively) and subsequently
increased after ovarian stimulationwith LH (11.5 nmol/L, 117 nmol/L and 176 pmol/L, respectively). Histological
evaluation revealed steroid cell tumor in one ovary. In the second case, estradiol serum levels decreased following
ovarian depression by GnRH-antagonist (73 pmol/L) and subsequently increased following ovarian stimulation
with FSH (118 pmol/L). Histological evaluation revealed granulosa cell tumor in one ovary.
Conclusions: To our knowledge, these are the first cases of ovarian hormone-producing tumors in postmenopausal
women diagnosed by noninvasive hormonal test. The proposed test can be considered in postmenopausal
women suspected of having androgen and/or estrogen producing tumors.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Both functional and nonfunctional ovarian neoplasms are known to
produce androgen. Androgen-secreting neoplasms of the ovary are a
rare cause of androgen excess and, account for only 5% of all ovarian
tumors. Most are Sertoli-Leydig cell, lipid cell, theca cell or hilus cell tu-
mors (Lobo, 1991). Granulosa cell tumors of the ovary are rare neoplasm
(Mancaux et al., 2013), estrogen-producing tumors (Geetha and Nair,
2010) and difficult to diagnose (Mancaux et al., 2013).

It is important to identify and remove these tumors. Although clini-
cal history and baseline androgen levels may increase clinical suspicion,

localization of these tumors requires several diagnostic methods, in-
cluding dynamic ovarian and adrenal assessment and diagnostic imag-
ing (Taylor et al., 1986). However, sometimes they are very difficult to
detect, and interpretation of test results can be difficult. Imagingmodal-
ities, such as magnetic resonance imaging (MRI), computerized tomog-
raphy (CT) and ultrasound (US) might not identify ovarian lesions
(Wang et al., 2001).

Selective venous catheterization has been recommended as an accu-
rate method for the diagnosis and localization of androgen-secreting
ovarian and adrenal tumors (Lobo, 1991; Cohen et al., 1993), especially
asmost ovarian androgen-producing tumors are small (Lobo, 1991) and
thus, difficult to detect by imaging techniques (Sarfati et al., 2011).
However, diagnostic specificity of this technique is often disappointing
even in experienced hands (Sarfati et al., 2011). Moreover, in some
cases, pre-operative venous sampling was attempted but not achieved,
and thus venous samplingwas done intra-operatively during diagnostic
laparoscopy or explorative laparotomy (Kaltsas et al., 2003).
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In order to improve and simplify the diagnosis of postmenopausal
hormone-producing ovarian tumors, we used a noninvasive hormonal
test. In this paper, we report on our experience using this noninvasive
hormonal test for the diagnosis of ovarian androgen and estrogen pro-
ducing tumors in postmenopausal women.

2. Material and methods

2.1. Case 1

A 58-year-old, Caucasian, healthy, menopausal, married, gravida, 2
para 2womanwas referred to our clinic for evaluation of progressive fa-
cial hirsutism, which had appeared one year earlier. The patient did not
take anymedications that had androgenic side-effects and had no famil-
ial history of virilization.

On examination, her weight was 63 kg and height 160 cm. Blood
pressure was normal. She had no striae or abnormal skin pigmentation.
No alopecia or acnewas noted. She presentedwithmild facial hirsutism.
General physical and gynecological examinations were normal. Pelvic
ultrasound revealed normal uterus, endometrial thickness was 3 mm,
right ovary measured 29 ∗ 33 mm and left ovary 20 ∗ 22 mm, without
evidence of tumor or cyst. There was no pelvic or abdominal mass.
Adrenal ultrasound was normal. Computerized tomography disclosed
bilateral adenoma of the adrenal glands.

Basal serum hormone levels are listed in Table 1.
A hormonal dynamic test was performed to determine the anatom-

ical location of the suspected hormone producing tumor (Table 1,
Fig. 1). The patient started daily oral dexamethasone (Rekah Pharma-
ceutical Industries Ltd., Holon, Israel) 1 mg per day. Seven days later,
hormonal blood sample was taken at 8:00 A.M. Immediately after, the
patient received one subcutaneous injection of GnRH antagonist (0.25
cetrorelix (Merck Serono S.A. Switzerland)). A day later, a second hor-
monal blood sample was performed at 8:00 A.M. Immediately after,
the patient received one subcutaneous injection of 250microgram cho-
riogonadotropin alpha (Merck Serono S.A. Switzerland). A day later (on
day 9), a third hormonal blood samplewas taken at 8:00 A.M, and dexa-
methasone was discontinued.

A flow chart of the dynamic hormonal changes was drawn and the
anatomical location of the androgen overproduction was diagnosed
(Table 1). Based on the hormonal results indicating the presence of
ovarian androgen producing tumor, laparoscopic bilateral salpingo-
oophorectomy was performed. Histological evaluation revealed steroid
cell tumor in the right ovary. Left ovary and both fallopian tubes were
unremarkable. Preoperative and postoperative hormonal values are
listed in Table 1.

2.2. Case 2

A 58-year-old, Caucasian, menopausal, married, gravida 2, para 2
woman was referred to our clinic for evaluation of breast engorgement

and an episode of postmenopausal bleeding. Two years ago, the patient
had coronary catheterization with insertion of coronary stents. The pa-
tient had hypertension andwas treatedwith bisoprolol fumarate 2.5mg
per day, rosuvastatin 20 mg per day, clopidogrel 75 mg per day and
valsartan hydrochloride 160/25 mg per day.

On vaginal ultrasound evaluation, the uterus had normal dimen-
sions, and endometrial thickness was 9.5 mm. A right ovarian cyst
34 ∗ 30 ∗ 30 mm with small hyperecogenic imprints was noted.
Doppler blood flow was normal (RI = 0.34 and 0.4). The left ovary
was normal. Endometrial biopsy revealed endometrial hyperplasia
without atypia.

Adrenal ultrasound was normal. Carcinoma antigen 125 was within
normal limits (13.78 U/ml). Hormonal evaluation revealed high estradiol
levels, with no other hormonal abnormality (Table 2).

A hormonal dynamic test was then performed to determine the
anatomic location of the suspected hormone producing tumor (Table 2,
Fig. 2). The patient started daily oral dexamethasone (Rekah Pharmaceu-
tical Industries Ltd., Holon, Israel) 1mgper day. Sevendays later, hormon-
al blood sample was taken at 8:00 A.M. Immediately after, the patient
received one subcutaneous injection of GnRH— antagonist 0.25 cetrorelix
(Merck Serono S.A. Switzerland). A day later, a second hormonal blood
sample was performed at 8:00 A.M. Immediately after, the patient re-
ceived one subcutaneous injection of 75 μg follitropin alpha (Merck
Serono S.A. Switzerland). A day later (day 9), a third hormonal blood sam-
ple was taken at 8:00 A.M. and dexamethasone was discontinued.

A flow chart of the dynamic hormonal changes was drawn and the
anatomical location of the estrogen overproduction was diagnosed
(Table 2).

Based on the hormonal results, indicating the presence of ovarian es-
trogen producing tumor, laparoscopic bilateral salpingo-oophorectomy
was performed. Histological evaluation revealed adult type granulosa
cell tumor in the right ovary. The left ovary and both fallopian tubes
were unremarkable. Preoperative and postoperative hormonal values
are listed in Table 2.

3. Discussion

Detection of postmenopausal high androgen or estrogen production
requires identification of the exact anatomic location of the hormone-
producing tissue, before performing a surgical procedure to remove
the pathological tissue. Although diagnostic imaging is recommended
(Taylor et al., 1986), sometimes it is very difficult to detect and interpret
test results. Imagingmodalities, such asmagneticMRI, CT andUS,might
not identify ovarian lesions (Wang et al., 2001).

Selective venous catheterization has been recommended as an accu-
rate method for the diagnosis and localization of hormone-secreting
ovarian and adrenal tumors (Lobo, 1991; Cohen et al., 1993). However,
diagnostic specificity of this technique is often disappointing even in ex-
perienced hands (Kaltsas et al., 2003), and in some cases pre-operative
venous sampling was attempted but not achieved (Kaltsas et al., 2003).

Table 1
Basal hormone values, hormone levels throughout the 9-day dynamic hormonal test and postoperative hormonal values (patient 1)

Day 0 1–9 7 8 9 Post-operative

Medications and procedures Basal hormone values Dexa 1.0 mg daily Blood test, GnRH-antagonist 250 μg Blood test, LH 5000 IU Blood test

Hormone levels (normal range)
SHBG (18–144 nmol/L) 49 – 38 35 34
DHEAS (0.9–11.6 μmol/L) 2.71 – 1.25 1.1 1.38 2.1
Androstenedione (0.48–10.07 nmol/L) 5.21 – 1.6 0.52 0.7 4.76
Cortisol (nmol/L) (138–690) 314
17 OHP (0.6–5.2 nmol/L) 2.31 – 0.8 0.6 1.5 1.55
Total testosterone (nmol/L) (0.9–2.6) 8.2 – 9.2 6.9 11.5 1.1
SHBG (nmol/L) (18–44) 49
Free androgen index (0.2–12.0 nmol/L) 69 – 84 67 117 2.2
Estradiol (b70 pmol/L) 71 – 88 70N 176

Dexa = dexamethasone; SHBG = sex hormone binding globulin; DHEAS = dehydroepiandrosterone sulfate; 17 OHP = 17 hydroxyprogesterone. Bold text indicates abnormal values.
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