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ABSTRACT

Objective: Ovarian neoplasms in children are rare. The objective of this report is to emphasize the
importance of considering those neoplasms in the differential diagnosis of hyperandrogenism even with
negative diagnostic imaging.
Methods: We report the case of a 12-year-old girl who presented with virilization and elevated 17
hydroxyprogesterone (17-OHP) and who was subsequently diagnosed with an ovarian neoplasm.
Results: The patient was initially seen for hirsutism and deepening of the voice. Elevated 17-OHP, an-
drostenedione, and testosterone prompted the initial diagnosis of nonclassic congenital adrenal hyper-
plasia due to 21-hydroxylase deficiency, but those levels failed to suppress on corticosteroid therapy.
Ultrasound, computed tomography scan, and magnetic resonance imaging of the abdomen and pelvis
were normal. Genetic testing for congenital adrenal hyperplasia was negative. Bilateral selective adrenal
and ovarian venous sampling confirmed the ovarian origin of her hyperandrogenism. A unilateral
salpingo-oophorectomy revealed a steroid cell tumor. Postoperatively there was normalization of
testosterone and 17-OHP.
Conclusion: This report highlights the utility of selective adrenal and ovarian sampling when suspecting
a primary androgen-secreting neoplasm, even in the setting of elevated 17-OHP levels and negative
imaging studies, as early diagnosis can prevent manifestation of irreversible symptoms of virilization
© 2021 AACE. 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/).

Introduction

who presented with virilization secondary to an SCT masquerading
as CAH.

Female hyperandrogenism may arise from gonadal and adrenal
pathologies, including congenital adrenal hyperplasia (CAH) and
androgen-secreting neoplasms (ASN). While elevation in
17-hydroxyprogesterone (17-OHP) levels is suggestive of CAH
21-hydroxylase deficiency, there have been reports of steroid cell
tumors (SCTs) presenting with hyperandrogenism and elevated
17-OHP.!7 Refractory cases of CAH to steroid therapy warrant
further investigation into the cause of virilization, even in the
presence of negative imaging. In this report, we describe the utility
of selective venous sampling in the diagnosis of a female adolescent
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Case Report

A 12-year-old girl presented with complaints of hirsutism, voice
deepening, increased muscle strength, and lack of breast develop-
ment. Pubic hair was first noted around age 6 years. On examina-
tion, the patient was normotensive. She had marked hirsutism and
mild facial acne. Breasts and pubic hair were in Tanner stages 2 and
4, respectively. Clitoromegaly was noted. Initial hormonal testing
revealed a marked elevation of 17-OHP, androstenedione, and total
testosterone, quantified by chromatography-tandem mass spec-
trometry (Table 1). Adrenocorticotrophic hormone (ACTH), 11
deoxycortisol, and dehydroepiandrostenedione sulfate (DHEA-S)
were normal. Bone age was 15 years. Pelvic ultrasound showed
normal appearing ovaries and uterus. Hydrocortisone was initiated
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Table 1
Laboratory Values at Presentation and Follow-Up
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17-OHP (ng/dL) T (ng/dL) AS (ng/dL) DHEA-S (mcg/dL) ACTH (pg/mL) Cortisol (mcg/dL)
Reference values <80-285 <7-75 80-190 17-343 7.2-63 7-25
Baseline 976 172 670 124 12 8
On hydrocortisone 25 mg/m?/day 1670 147 879 107
Off Therapy 974 169 418 16
2 weeks postop 98 14 71
1 year postop 89 <7 68
3 years postop <40 11 34

Abbreviations: 17-OHP = 17 hydroxy progesterone; ACTH = adrenocorticotropic hormone; AS = androstenedione; DHEA-S = dehydroepiandrostenedione sulfate;

T = testosterone.

at 16 mg/m?/day and dosing was incrementally increased to 26 mg/
m2/day for a diagnosis of nonclassic CAH. The patient’s symptoms
failed to improve on therapy and 17-OHP paradoxically increased
(Table 1). Computed tomography (CT) followed by magnetic reso-
nance imaging (MRI) of the abdomen and pelvis were then ob-
tained and were normal. The ovaries measured 3.2 x 1.0 x 1.0 cm on
the right and 3 x 1.4 x 1.1 cm on the left with numerous peripheral
follicles. Because of the nondiagnostic imaging studies, a CYP21A2
gene analysis was done and revealed no disease-causing mutations.
Hydrocortisone was gradually decreased and then discontinued. To
identify the source of elevated androgens, bilateral selective adre-
nal and ovarian effluent venous sampling was performed 3 months
later. The results localized the source of hyperandrogenism and 17-
OHP to the right ovarian vein (Table 2). Carcinoembryonic antigen
and alpha fetoprotein levels were normal. The patient underwent
laparoscopic surgery for a right salpingo-oophorectomy. Final
pathological diagnosis confirmed the presence of a 4.8 x 2.3 x 2.1
cm ovarian SCT. After resection, 17-OHP, androstenedione, and
testosterone levels normalized.

Discussion

This case provides insight into the similarities in clinical pre-
sentation between CAH and androgen-secreting ovarian SCTs. The
latter have been classified as primary virilizing tumors, similar to
our patient, ovarian adrenal rest tumors, or coexisting with CAH.%?
It also demonstrates the efficacy of selective venous sampling for
localization of hyperandrogenism in a pediatric patient with
negative imaging studies.

SCTs are rare, especially in pediatrics.* About two thirds of SCTs
are not otherwise specified (NOS). SCTs NOS are of stromal cell
origin with variable histological features.® The ovarian tumor from
this case had abundant cytoplasm with fibrous bands of inflam-
mation. Conversely, SCTs can also be classified as Leydig cell tumors
with cytoplasmic crystals of Reinke, which the presented tumor
lacked. These tumors are usually benign and have been described to
cause virilization, with hyperandrogenism noted in 56% to 77% of
affected patients.* Our patient presented with hyperandrogenism
and consequential gonadotropin suppression, as demonstrated by
the lack of significant breast tissue development.

Wong et al® recently reviewed 21 case reports of SCTs, NOS, with
17-OHP concentrations reported and found a prevalence of 81% of
elevated 17-OHP, similar to our patient. Yilmaz-Agladioglu et al’
reported a 13-year-old female who experienced a 6 year delay in
diagnosis of SCT, NOS, by ultrasound due to presumed CAH. Yosh-
imatsu et al'® documented an ovarian tumor, diagnosed as SCT,
NOS, visualized on CT and MRI in a 4-year-old girl with virilization.
These cases differed from ours as diagnostic imaging studies were
positive. Some also presented with hypercortisolism, gynecomas-
tia, irregular vaginal bleeding, and hypertension.

SCTs may form as ovarian adrenal rest tumors secondary to
undiagnosed CAH, poor medication compliance, Nelson syndrome,

or other associations with ACTH hypersecretion.®!! Residual adre-
nal tissue can reside along the migratory pathway of the adrenal
gland away from its embryonic location near the gonads. Elevated
ACTH concentrations or other steroidogenic enzyme defects may
inappropriately stimulate the adrenal tissue, creating functional
ectopic adrenal glands.®>? Thomas et al® reported persistent
testosterone and 17-OHP elevation in a 17-year-old girl with CAH
and poor medication compliance. An ultrasound revealed an
ovarian tumor, which upon resection was diagnosed as an SCT, NOS.
Due to elevated ACTH, it was classified as an ovarian adrenal rest
tumor. The normal ACTH upon presentation precluded an ovarian
adrenal rest tumor in our patient.

Solish et al’ presented a similar case to ours in which a 3.5-year-
old boy with early virilization, elevated 17-OHP, and a testicular
mass was diagnosed with a Leydig cell tumor although CAH and a
testicular adrenal rest tumor were originally suspected. Molecular
analysis of the tumor revealed large amounts of P450scc mRNA,
which codes for the cholesterol side-chain cleavage enzyme, lead-
ing to excess pregnenolone and subsequently 17-OHP. Primary
ASNs are difficult to distinguish histologically from adrenal rest
tumors as they have the same embryonic origin, the gonadal ridge.
Thus, other clinical signs and symptoms, particularly post-
operatively, can help in differentiating them.”

Early diagnosis and treatment of ASN can prevent irreversible
symptoms of hyperandrogenism, such as short stature.” Differ-
entiating between ASN and CAH can be challenging, with many of
the diagnostic pitfalls highlighted in our case. Rapid virilization
with severe signs such as a deepening voice, male pattern bald-
ness, and clitoromegaly are associated with ASN over CAH in
females.>!?

Diagnostic tools beyond serum androgen levels include the
ACTH stimulation test, molecular testing, urinary steroid profile,
and imaging.® A stimulated 17-OHP of >1000 ng/dL is usually
diagnostic for CAH. However, paradoxical responses by virilizing
ovarian tumors to ACTH stimulation have been reported due to the
presence of ACTH receptors on an ASN.® The normal DHEA-S level
in our patient was suggestive but not diagnostic of an ovarian pa-
thology. Children with classic and nonclassic CAH have been re-
ported to have markedly elevated testosterone with normal DHEA-
S.12 Even though our patient’s testosterone was in a range sugges-
tive of a tumor or classic CAH, nonclassic CAH was still in the dif-
ferential as patients who are compound heterozygotes can have
significant virilization.'*

Because of the ambiguity of diagnostic testing and negative
imaging, the decision to pursue genetic testing was made prior to
proceeding with selective venous sampling, which was felt to be
more invasive.

Ultrasound, MRI, and CT are performed for investigation of
ovarian tumor. Fanta et al'® argue for reduced reliance on these
techniques. Sarfati et al'® proposed positive and negative pre-
dictive values of an ultrasound in diagnosing an ovarian ASN as
71% and 73%, respectively, and 78% and 100%, respectively, with
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Table 2
17-OHP (ng/dL) and Testosterone (ng/dL) During Venous Sampling
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Baseline Right ovarian vein Left ovarian vein Right adrenal vein Left adrenal vein
17 OHP ng/dL 1170 120 000 1570 663 592
Testosterone ng/dL 192 3650 134 111 103
Abbreviation: 17-OHP = 17 hydroxy progesterone.
MRI. However, imaging could yield false negatives due to ASN’s Acknowledgment

solid texture and size, as our case demonstrated.'” If an ovarian
tumor is seen on imaging, CAH cannot be excluded due to a po-
tential adrenal rest tumor.® Additionally, ASN can coexist with
CAH. If virilization persists after resection, medical history and
clinical signs and symptoms may be helpful in differentiating an
ovarian adrenal rest tumor from a primary ASN in the presence of
CAH.%? For cases in which imaging is inconclusive, selective
venous sampling may localize the source of androgen, similar to
the presented case.!”

Few cases have been described in the literature in which se-
lective venous sampling was utilized as a diagnostic tool in pe-
diatrics. Levens et al'® conducted selective venous sampling on a
pediatric patient and confirmed hyperandrogenism from the
polycystic right ovary as was seen on imaging. White et al'® re-
ported a child with bilateral Sertoli-Leydig cell tumors diagnosed
with imaging and selective venous sampling. These cases differ
from ours due to positive imaging studies prior to venous
sampling.

Selective venous sampling for localization of an ASN is done
by catheterization of the right and left ovarian and adrenal
veins. Levens et al'® analyzed the diagnostic ability of selective
venous catheterization in localizing the source of female
hyperandrogenism. They found that in the presence of a serum
testosterone >4.51 nmol/L, a ratio of right:left ovarian testos-
terone >1.44 correctly identified 90% of right-sided tumors and
that 86% of women with left-sided or bilateral lesions had a
lower value. The ratio of right:left ovarian testosterone in our
patient was approximately 76, strongly indicating a right-sided
ovarian ASN. If an adrenal ASN is the cause, a ratio of ipsilateral
adrenal testosterone:peripheral testosterone >2 is expected.’’

Androgen levels typically normalize following tumor resection.
Further research is needed to diagnose virilization secondary to
ASN and explore techniques for improving the localization of 17-
OHP hypersecretion with less invasive ways than selective venous
sampling.

Conclusion

The patient’s age, presentation as CAH, negative imaging
studies, and necessity of selective venous sampling make our
patient’s case exceedingly rare. A primary ASN may need to be
considered as an underlying cause of hyperandrogenism even in
the setting of elevated 17-OHP levels. Further investigation is
warranted with a failed response to steroid therapy or a normal
genetic analysis. Venous sampling should be considered for
patients with unremarkable imaging. Early diagnosis and
management of the cause of female androgen excess can pre-
vent manifestation of irreversible symptoms of virilization.
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