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Abstract

Ovarian Leydig cell tumor, a sub-type of ovarian steroid cell tumor, accounts
for less than 0.1% of all ovarian tumors. It can affect women of any age group
but is most common in postmenopausal women. We here report a case of vi-
rilizing ovarian Leydig cell tumor with multiple non-functional endocrine
neoplasias (pituitary and adrenal adenomas) in a 48-year-old woman. She
first presented with sub-abdominal pain and hirsutism since menopause three
years ago. Subsequently, she had slight facial acne, voice deepening, breast
atrophy, and a prominent Adam’s apple. Her hormone profile showed an
elevated level of testosterone, high free androgen index, low levels of lutei-
nizing hormone and follicle stimulating hormone, and normal levels of ran-
dom cortisol, androstenedione, 17-hydroxyprogesterone and dehydroepian-
drosterone sulfate. A pelvic enhanced magnetic resonance imaging (MRI)
scan showed nodules in the right ovary, and a pituitary enhanced MRI re-
vealed a microadenoma. An enhanced computerized tomography scan of the
adrenal gland revealed left adrenal nodules, possibly adenomas. After a right
cystectomy and right fallopian tube resection, her testosterone level declined
to 0.38 nmol/L and the symptoms associated with hyperandrogenism im-
proved. This is a rare case of virilizing ovarian Leydig cell tumor with mul-
tiple non-functional endocrine neoplasias. We believe our findings will be
helpful in the clinical diagnosis and treatment of hyperandrogenism.
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1. Introduction

Leydig cell tumor is a rare subtype of the ovarian sex cord-stromal tumors,
composed of Leydig cells [1]. It accounts for less than 0.1% of all the ovarian
tumors. The clinical features of Leydig cell tumors are associated with hormone
levels and mass occupancy effects. It is characterized by a wide range of age of
onset, low malignancy rate, and good prognosis after surgical resection. Ovarian
Leydig cell tumors often occur in postmenopausal women. Based on existing
case reports, Leydig cell ovarian tumors accompanied by an adrenal adenoma
can be difficult to diagnose [2]. We here report a unique case of virilizing ova-
rian cell tumor accompanied by multiple non-functional endocrine neoplasias.
The patient had non-functional pituitary microadenomas as well as adrenal
adenomas. She also had a thyroid adenoma which was resected 30 years ago.
This is a rare case of an ovarian Leydig cell tumor with multiple non-functional

endocrine neoplasias.

2. Case Report

A 48-year-old woman visited a local hospital for sub-abdominal pain and hirsut-
ism since she had menopause three years ago. She was pregnant only once and
gave birth to one child. The initial laboratory findings showed an elevated tes-
tosterone level (value not available), but she did not receive any treatment. She
had laser hair removal performed several times for excessive hair growth. She
went to the hospital for a re-examination two months ago, and the hematologi-
cal tests revealed a high level of testosterone (>35 nmol/l). Additionally, a pitui-
tary enhanced magnetic resonance imaging (MRI) showed microadenomas (size
was not marked). She then came to our hospital for treatment.

The patient had undergone a partial left thyroidectomy for a thyroid adeno-
ma, 30 years ago and was receiving a long-term oral administration of Euthyrox
(75 ug QD). Uterine myomectomy was performed more than 10 years ago.She
had achieved menopause at the age of 45 with no postmenopausal bleeding. She
had a normal menstrual history before menopause no history of hypertension
and diabetes. She did not smoke or drink. A physical examination revealed the
following: weight: 60 kg and body mass index (BMI): 22.4 kg/m’. She presented
with normal hair distribution because of the laser hair removal. However, she
had slight facial acne, voice deepening, breast atrophy, and a prominent Adam's
apple.

The hormone profile of the patient revealed the following: testosterone: 29.42
nmol/L (reference value < 2.5), free androgen index: 79.63 (0.3 - 9.6), luteinizing
hormone (LH): 0.86 IU/L (11.30 - 39.80), follicle stimulating hormone (FSH):
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5.02 mIU/L (21.7 - 153), estradiol E2: 203.5 pmol/L (post menopause, <110),
thyroid peroxidase antibody: >1000 IU/ml (<5.61), thyroglobulin antibody:
14.7 (<4.11), and thyroglobulin: 129.20 pg/L (3.5 - 77.0). Random cortisol, an-
drostenedione, 17-hydroxyprogesterone and dehydroepiandrosterone sulphate
(DHEA-S) concentrations were within the normal range.

A pituitary enhanced MRI revealed abnormal nodular signals in the posterior
pituitary suggestive of microadenomas or Rathke cysts (Figure 1). An enhanced
computerized tomography scan of the adrenal gland showed left adrenal nodules
which were diagnosed as adenomas (Figure 2). Transvaginal B-mode ultraso-
nography showed no significant abnormalities in the ovaries.

A medium dose dexamethasone suppression test resulted in significant inhibi-
tion of cortisol and adrenocorticotropic hormone (ACTH), while just a 4% de-
crease in the serum levels of testosterone (baseline level 37.44 nmol/L, after test
35.97 nmol/L), suggesting that the hyperandrogenism may not be due to the
adrenal gland. To further clarify whether the high concentration of testosterone
originated from the proliferative left adrenal gland and to determine the location
of the lesion, bilateral adrenal venous blood sampling was performed. However,
the adrenal venous blood collection was unsuccessful.

A pelvic enhanced MRI scan showed a right ovarian nodule (14.3 * 28.4 mm),
and multiple uterine fibroids (Figure 3). To detect other possible neoplasms and
explore the source of the abnormal testosterone secretion, she had a whole-body
positron emission tomography (PET) scan. The findings revealed a low-density
lesion (16.6 * 20.8 * 24.8 mm) in the right ovary, bilateral thyroid nodules and
possibly a left adrenal adenoma. Based on the above results, the hyperandrogen-

ism appeared to be arising from the right ovary.

Figure 1. Pituitary MRI enhancement findings (sagittal): Hypointense
nodules between the anterior and posterior pituitary glands.
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— (2)
Figure 2. Adrenal CT enhancement findings: (1) CT scan of the adrenal gland, Adrenal
CT enhancement in the (2) venous, and (3) arterial phases.

Figure 3. Pelvic MRI findings (T2W2): In the right appendix area, is a lesion with unclear
local uterine boundary, and slightly high signal intensity.

The patient went to another hospital for surgical treatment on October 25,
2017. She had a right cystectomy, right fallopian tube resection, and adenomyo-
ma debridement, but no adjuvant chemotherapy. During surgery, the right ovary
was found to be enlarged with a cystic mass of 2*2 cm. The postoperative patho-
logical evaluation of the right ovarian cyst indicated an ovarian Leydig cell tu-
mor combined with an inclusion cyst. A sex hormone test on the fourth day after
surgery reported a significant decrease in testosterone level (0.38 nmol/L), in-
crease in LH (13.49 IU/L) and FSH (23.5 IU/L) to normal levels, and normal lev-
el of the concord hormone (0.19 ng/ml). After 14 months of surgery, the serum
testosterone level has been normal, and the signs and symptoms of hyperandro-
genism including the voice change, facial acne, breast atrophy, and Adam’s apple

have all improved.

3. Discussion

Hyperandrogenism and hirsutism are mostly related to polycystic ovary syn-
drome (PCOS). However, less than 5% of the cases are caused by andro-
gen-secreting tumors of either adrenal or ovarian origin [3]. Serum testosterone

levels are typically used to assess androgen levels. Androgen-producing tumors
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should be considered when patients present with rapid progression of signs and
symptoms of hyperandrogenism, especially when the testosterone levels are
more than three times the upper reference limit [4]. DHEA-S is a marker of
adrenal androgen production, and serum DHEA-S levels greater than 16 umoL
usually point to an androgen-secreting adrenal tumor [5]. In Leydig cell tumors,
serum testosterone levels are expected to be slightly elevated [6] or highly ele-
vated as seen in our case. The patient, this case, was suspected of having andro-
gen-secreting neoplasms due to the very high level of testosterone (37.44
nmol/l). The normal transvaginal ultrasonography findings and the adrenal
adenoma led us to consider adrenal-derived hyperandrogenism. However, the
normal serum level of DHEA-S and the PET scan results ruled out the adrenal
cause.

It is noteworthy that in this case dexamethasone was used to exclude conge-
nital adrenal hyperplasia (CAH), rather than the ACTH excitation test, which is
commonly used worldwide. CAH is a group of autosomal recessive hereditary
diseases [7] that affects the adrenal glands. It is caused due to the deficiency of
an enzyme, leading to a partial or complete block of cortisol synthesis. This, in
turn, results in an increase in corticotropin-releasing hormone (CRH) secreted
by the hypothalamus and ACTH secreted by the pituitary, which stimulates
adrenocortical hyperplasia, thereby resulting in varying degrees of adrenocortic-
al dysfunction. The most common cause of CAH is 21 hydroxylase deficiency
(210HD) [7], followed by 11 beta-hydroxylase deficiency [8]. Rapid ACTH ex-
citation test is recommended for differential diagnosis in clinical practice [9],
though it is rarely used in China due to the lack of ACTH drug sources. Dex-
amethasone inhibits cortisol and adrenal-derived androgen secretion by inhibit-
ing the pituitary ACTH secretion. Therefore, since the 1980s, China has been
using a functional test to differentiate androgen sources by giving moderate
doses of dexamethasone [10], to detect changes in levels of ACTH, 17-OHP and
total testosterone.

Among the ovarian androgen-secreting neoplasms, steroid cell tumors are
quite rare [11]. Ovarian Leydig cell tumor, a sub-type of the ovarian steroid cell
tumors, accounts for less than 0.1% of all ovarian tumors. It can affect women of
any age group, but is most common in postmenopausal women [12] [13]. Over
75% of the cases of ovarian Leydig cell tumors present with severe hyperandro-
genism characterized by hirsutism, secondary amenorrhea, virilization, and a
small number of tumors with high estrogen or non-endocrine function. Like-
wise, nearly 75% of the cases with severe hyperandrogenism involve Leydig cell
tumors [14]. More than 95% of the ovarian Leydig cell tumors are unilateral, and
only 7 bilateral cases have been reported. Most of these tumors are benign and
smaller than 4 cm in size [15]. Surgical removal of these tumors results in signif-
icant improvement in the symptoms and has an excellent prognosis.

The strategies for managing Leydig cell tumors include surgery and adjuvant
chemotherapy (usually used in malignant tumors).The type of surgery which in-

cludes unilateral (for fertility preservation), bilateral salpingo-oophorectomy or
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cystectomy, usually depends on the patient’s age, fertility requirements, and the
nature of the tumor. Conservative and fertility-sparing surgery is especially
recommended in younger patients or patients without children.

Due to the lack of clear diagnostic criteria, the diagnosis of ovarian Leydig cell
tumors still remains challenging and cannot be done without surgery. Moreover,
due to their small size and density, these tumors are usually invisible on ultra-
sonography and CT. When accompanied by an adrenal adenoma, the diagnosis
becomes even more difficult. Though hyperandrogenism due to an adrenal ade-
noma is not uncommon, it can be very difficult to detect the origin of the
hyperandrogenism, especially with high levels of cortisol [2]. Ovarian and
adrenal venous sampling can be performed, but both of them require advanced

technology, and the success rate is low.

4. Diagnostic Process

Based on this case, we reviewed the existing literature and summarized what is
known about the etiology and diagnosis of hyperandrogenism (Figure 4).

The main clinical manifestations of hyperandrogenism include hirsutism,
acne, androgenic alopecia, masculinization and some special manifestations [16]
[17]. Clinically, the etiology of hyperandrogenism is complex, and PCOS is the
most common functional etiology [18]. The organic etiologies mainly include
congenital adrenocortical hyperplasia, androgen-secreting tumors, and abnor-
mal sexual differentiation [16]. Therefore, the key to the diagnosis of hyperan-
drogenism is to determine the source and etiology of androgen production [19].
If the patient had a previous history of abnormal menstruation, the lesion might
have originated from the ovary [17]. On the other hand, if the patient developed
hirsutism and masculinization in a short time, androgen-producing adrenal or
ovarian tumors should be considered [3]. Though the main manifestation of
idiopathic hirsutism includes excessive hair growth and normal ovulation, the
related medication history and stress factors such as menopause and pregnancy
also help in making the diagnosis [5]. Based on the patient's medical history,
physical examination, B-mode ultrasound, CT and MRI, large ovarian, adrenal
or pituitary tumors can be excluded, which can then provide diagnostic clues for
unexplained hyperandrogenism [20]. When the tumor is small and concealed, it
is easy to miss in B-mode ultrasound and other imaging examinations. If the pa-
tient suffered from both adrenal mass and ovarian mass, location diagnosis is
very difficult [21]. Adrenal venous blood collection or ovarian venous blood col-
lection technology is of critical significance in the differential diagnosis of an-
drogen source. Determination of hormone levels is essential for the diagnosis of
hyperandrogenism [22]. Increase in different kinds of androgens may indicate
the presence of lesions and therefore, can provide important leads for clinical
diagnosis. Elevated levels of testosterone and LH/FSH > 2 are suggestive of
PCOS. Adrenal tumors are characterized by marked elevation of testosterone

with DHEA-S > 16 umol/L. In cases of congenital adrenocortical hyperplasia,
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female with obvious clinical manifestations of hyperandrogenism
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Figure 4. Diagnostic process of hyperandrogenism.

testosterone and 17-OHP are elevated, or markedly elevated after adrenocorti-
cotropic stimulation [23] [24]. The elevation of dihydrotestosterone with low
testosterone suggests the possibility of idiopathic hirsutism [25] [26]. When tes-
tosterone and cortisol levels are elevated simultaneously, adrenocortical hyper-
function should be evaluated using the dexamethasone inhibition test [27] [28]
[29].

5. Conclusions

In conclusion, we report a case of ovarian Leydig cell tumor with multiple
non-functional endocrine neoplasms in post-menopausal women, characte-
rized by hirsutism. This is a rare case of a Leydig cell tumor with multiple
non-functional endocrine neoplasms, though Leydig cell tumors accompanied
by adrenal adenomas are not uncommon.

Although rare and difficult to diagnose, ovarian Leydig cell tumors should be

considered in cases with severe hyperandrogenism and hirsutism after the exclu-
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sion of adrenal-derived hyperandrogenism, especially in postmenopausal wom-
en. In such patients with hirsutism and significantly elevated testosterone level,
an oophorectomy should be considered after the exclusion of adrenal causes. In
our case, surgical intervention confirmed the final diagnosis of a Leydig cell tu-
mor. As expected, following surgery, the hormone levels returned to normal and

clinical symptoms of hyperandrogenism improved.
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