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Abstract
Ovarian sex cord-stromal tumors are clinically significant heterogeneous tumors that

include several pathologic types. These tumors are often found in adolescents and young

adults and can present with hormonal manifestations as well as signs and symptoms of

a pelvicmass. Serum tumormarkersmay assist in preoperative diagnosis and surveillance.

Several subtypes are associated with genetic predisposition, including those observed

in patients with Peutz-Jegher syndrome. Recent studies have elucidated the relationship

between Sertoli-Leydig cell tumors and DICER1 mutations. When classified as

International Federation of Gynecology and Obstetrics stage Ia, most subtypes may be

treated with surgery alone. Higher stage or recurrent tumors have variable prognoses that

range from a usually rapid course in poorly differentiated Sertoli-Leydig cell tumor to

an often prolonged course in adult granulosa cell tumors. New understanding of the

molecular pathogenesis of these tumors may pave the way for novel therapeutics.

INTRODUCTION
Ovarian sex cord-stromal tumors are un-
common neoplasms that typically present
in the first two to three decades of life, with
the exception of adult granulosa cell tu-
mors, which typically present later, with
risk for development peaking at age 50 to
55 years. In aggregate, these tumors ac-
count for approximately 5% of ovarian
malignancies inwomen age 15 to 24 years.1

CLINICAL PRESENTATION
As with other ovarian tumors, sex cord-
stromal tumors usually present with the
typical symptoms of an adnexal mass, in-
cluding abdominal pain, distention, and,
rarely, torsion. In contrast to epithelial
and germ cell tumors, however, sex cord-
stromal tumors frequently present with
signs of hormonal production, such as hir-
sutism and virilization, menstrual changes,
or precocious puberty.2 Initial evaluation
should include a thorough history with

careful attention to any individual or fam-
ily history of possible tumor predisposi-
tion as well as physical examination with
attention to presence of precocious pu-
berty or delayed menarche, hyper pig-
mented macules that are suggestive of
Peutz-Jegher, or thyroid nodules that are
suggestive of DICER1 syndrome. Tumors
are often large at diagnosis and may rup-
ture, which can result in an acute pre-
sentation with hemoperitoneum.

PATHOLOGY
These tumors are typically unilateral, 10
to 15 cm in greatest dimension, and may
vary from solid, firm, and lobulated to soft
and friable, often with hemorrhage and/or
necrosis. The following histologic subtypes
are seen: adult granulosa cell tumor,
juvenile granulosa cell tumor, Sertoli-
Leydig cell tumor, sex cord tumor with
annular tubules, and mixed forms, in-
cluding gynandroblastoma. Figure 1 shows
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representative pathology images from juvenile granulosa cell
tumor, Sertoli-Leydig cell tumors, and gynandroblastoma.

Inone reviewof 72pediatric patientswith sex cord-stromal
tumors, juvenile granulosa cell tumors and Sertoli-Leydig
cell tumors together accounted for 85% of such neoplasms
in children and adolescents.2 Almost two thirds of cases were
juvenile granulosa cell tumors. Juvenile granulosa cell tumors
are characterized by polygonal cells with usually abundant
cytoplasm growing in nodules or diffusely. Follicles of varying

size and shape typically punctuate the tumor. Tumor cells are
typically immature, sometimes strikingly pleomorphic, and
are usually briskly mitotic.2 The capsule of the ovary is intact
in most cases, which accounts, in part, for the excellent out-
come; however, in tumors with rupture or invasion beyond
the capsule, juvenile granulosa cell tumors can pursue an
aggressive clinical course. Adult granulosa cell tumor is un-
common in children just as juvenile granulosa cell tumor is
uncommon in adults.

FIG 1. Common histologic features of juvenile granulosa cell tumors, Sertoli-Leydig tumors, and gynandroblastoma ovarian neoplasms. (A and B) Low-power
andhigh-power viewsof juvenile granulosa cell tumor showingnodular arrangementof tumor cells in pale blue backgroundwithmucoid pools. Cells have ovoid,
regular nuclei and ill-defined cytoplasm. (C and D) Sertoli-Leydig tumors havemultiple histologic patterns. Panel C shows tubular arrangements of Sertoli cells
withhyperchromatic nuclei andhighnuclear-cytoplasmic ratio. Ananaplasticmitotic figure is visibleon the right sideof thephotomicrograph. PanelD shows the
typical nested arrangement of Sertoli cells admixedwith larger Leydig cells with abundant pink cytoplasm. (E and F) Gynandroblastomas feature a combination
of juvenile granulosa cell tumor (E) and Sertoli-Leydig cell tumor (F) features. These two photomicrographs are from different areas of the same tumor.
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Approximately 20% of ovarian sex cord-stromal tumors
in children are Sertoli-Leydig cell tumors. Sertoli-Leydig cell
tumors may be well differentiated with Sertoli cell tubules
separated by delicate stroma that contain clusters of Leydig
cells, intermediately differentiated with lobules of hyper-
chromatic Sertoli cells that often grow focally as cords and
tubules with stromal Leydig cells, or poorly differentiated.
Poorly differentiated tumors are usually dominantly sarco-
matoid, with only rudimentary differentiation of the types
already listed. Heterologous elements include mucinous
epithelial glands or rhabdomyosarcomatous and/or chon-
drosarcomatous elements, the latter being of adverse prog-
nostic significance. Elevationof alpha-fetoprotein (AFP)may
be observed but rarely to the degree seen in yolk sac tumor.3-5

Sex cord tumors with annular tubules are a distinctive
histologic category and show tubules with Sertoli cells arranged
around one or more hyaline bodies. In patients with Peutz-
Jegher syndrome, these tubulesmay be scattered and admixed
with normal ovarian tissue rather than forming a distinct mass.

MOLECULAR PATHOLOGY
Recent analyses have reshaped our understanding of the
pathophysiology of some of these tumor subtypes. Mutations
inDICER1, STK11, and FOXL2 influence the development of
some of these neoplasms.

DICER1
Sertoli-Leydig cell tumors and gynandroblastomas are associ-
ated with DICER1 mutations.6-9 DICER1 encodes an endo-
nuclease that is critical for microRNA processing. DICER1
mutations are associated with pleuropulmonary blastoma,
which is the most common lung tumor of infancy and early
childhood, as well as with embryonal rhabdomyosarcoma of
theuterine cervix, renal tumors, thyroidnodules and carcinoma,
nasal chondromesenchymal hamartoma, ciliary body medul-
loepithelioma, pineoblastoma, and pituitary blastoma.7,10-18

Typically, these tumors have biallelic DICER1mutations that
are composed of a loss of function in one allele and amissense
mutation in the RNase IIIb domain. Biallelic loss of function
andmissense RNase IIIbDICER1mutations result in systemic
loss of 5p-microRNAs that precludes regulation of growth-
promoting gene programs.19,20

The majority of individuals with DICER1 syndrome tu-
mors have germline loss of function mutations in DICER1.19

Testing for DICER1 mutations may have important impli-
cations for individuals and familial tumor risk and may

facilitate diagnosis of associated conditions. Of importance,
individuals with tumor predisposition are at risk for devel-
opment of contralateral, metachronous ovarian tumors after
the general risk for recurrence has passed and, thus, prolonged
monitoring is recommended in this setting.

In two young women with Sertoli-Leydig cell tumor who
were enrolled in the International Ovarian and Testicular
Stromal Tumor Registry, identification of a germline DICER1
mutation allowed screening for and diagnosis of pleuro-
pulmonary blastoma in their children in its earliest and
most curable form. Early diagnosis is critical to improving
outcomes in children with pleuropulmonary blastoma as
pleuropulmonary blastomamay progress from type I to type
II to type III with a decrease in survival from 91% to 74%
to 53%.8,21

STK11
Sex cord-stromal tumors with annular tubules may be asso-
ciated with Peutz-Jegher syndrome and specifically with
mutations in the STK11 gene. Individuals with clinical findings
of Peutz-Jegher syndrome should undergo genetic testing that

includes screening for deletion and/or duplication of STK11
and relevant organ-specific screening.22 A separate subtype of
sex cord-stromal tumor with annular tubular is not associated
with Peutz-Jegher syndrome and may present with pro-
gesterone secretion and show a complex growth pattern.
These latter tumors carry a worse prognosis than those as-
sociated with Peutz-Jegher syndrome.

Ollier Disease and Mafucci Syndrome
Ollier disease includes enchondromatosis, whereas Mafucci
syndrome includes enchondromatosis and hemangiomas.
Enchondromas may be associated with bony deformities and
chondrosarcomas. Somatic mosaic mutations in IDH1 and
IDH2 may be observed.23 Both Ollier disease and Maffucci
syndrome are associated with an increased risk of juvenile
granulosa cell tumors.24

FOXL2
Nearly all adult granulosa cell tumors are characterized by
missense somatic point mutations (402 C→G) in FOXL2,
whichmay be useful diagnostically.25 Thismutationmay alter
antiproliferative pathways and limit apoptosis, which con-
tributes to the pathogenesis of adult granulosa cell tumors.25

New analyses of FOXL2 and clinical outcomes may alter the
clinical approach to these generally indolent tumors.26
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EPIDEMIOLOGY
Data fromSEER suggest that the incidence of sex cord-stromal
tumors is significantly lower among white women compared
with black women (0.18 v 0.35 per 100,000 person years;
relative risk, 0.53; 95% CI, 0.42 to 0.67).6,27 Unfortunately,
many of these tumors, including higher stage juvenile gran-
ulosa cell tumors, are coded as benign or of uncertain ma-
lignant potential by using the International Classification of
Disease–Oncology (ICD-O) coding system. Tumors thus
classified are not collected by cancer registries; therefore, the
incidence—especially for tumors other than adult granulosa
cell tumors—are underestimated by cancer registry data.
This underreporting limits our understanding of the epi-
demiology of these tumors, including the racial and ethnic
predispositions.

This ICD-O designation of benign (/0) or low malignant
potential (/1) for many of the sex cord-stromal tumors is
misleading because higher stage or recurrent disease often
follows a more aggressive course and may be associated with
a fatal outcome. Patients may experience recurrence of some
types—especially adult granulosa cell tumors—decades after

the original diagnosis; thus, individual cancer registry data
may not document the full clinical course of these tumors.
Because of the establishment of dedicated registries of these
tumors in the United States and in Europe, there is increased
evidence of the potentialmalignant behavior of these tumors28

as well as genetic links to other tumors. Neoplasms with /0 or
/1 designations are usually not reportable to cancer registries
but exceptions have been made. For instance, several CNS
tumor types, including tumors of the brain andmeninges, are
reportable, even with a behavior code of /0 or /1. Conversely,
juvenile pilocytic astrocytomas, although often considered
benign, are coded as 9421/3 (malignant), and early endo-
metrial carcinomas, which are largely curable with a benign
course when treated early, are coded as invasive malig-
nancies. The decision to collect data on these tumors was
made, in part, because they have been deemed of significance
to the understanding of the disease burdens of cancer, as
these conditions—as with many ovarian sex cord-stromal
tumors—can cause morbidity and mortality.

PREOPERATIVE EVALUATION AND INITIAL
TREATMENT
When an ovarian sex cord-stromal tumor is suspected, levels
of inhibin, estradiol, testosterone, and AFP should be ob-
tained. Inhibin levels may be elevated in granulosa cell tumors;

inhibin B may be more predictive than inhibin A.29 Granulosa
cell tumors may also present with elevated estradiol, and
Sertoli-Leydig cell tumors may present with elevated testos-
terone or, rarely, AFP.

Ultrasound is themost common initial imagingmodality.
A large mass is commonly seen. Cross-sectional imaging,
either computed tomography or magnetic resonance imag-
ing, may show an adnexal mass with a heterogeneous ap-
pearance. As in other ovarian tumors, laterality may be
difficult to determine from initial imaging and is best de-
termined intraoperatively.

Fertility-sparing surgery is preferred in children, adoles-
cents, and women of reproductive age as long as the contra-
lateral tube and ovary and the uterus are unaffected, which
is usually the case. Fertility-sparing surgery does not refer to
ovarian cystectomy alone, but implies the complete removal of
the affected adnexa.30 Women who are past reproductive age
usually undergo total hysterectomy and bilateral salpingo-
oophorectomy. Comprehensive staging includes sampling
of peritoneal fluid, examination of the contralateral ovary,
biopsies of the peritoneum and any suspicious lesions,

omental biopsy, and palpation of lymph nodes, with re-
section of any lymph nodes that have concerning features
upon imaging or intraoperative examination. Complete lym-
phadenectomy is typically excluded from the procedure, as
the risk of nodal metastasis with primary disease is low.31

Operative records should clearly state whether there is any
evidence for intraoperative (International Federation of
Gynecology andObstetrics [FIGO] stage Ic1) or preoperative
(FIGO stage Ic2) rupture.

If confirmed as FIGO stage Ia,most tumorsmay be treated
with surgical resection alone. Tumors that are staged higher
than Ia may require chemotherapy and/or additional sur-
gery. Treatment with cisplatin, etoposide, and bleomycin
over 5 days, usually for four cycles, is often administered to
children and adolescents in the United States who require
chemotherapy. In Europe, treatment with cisplatin, etopo-
side, and ifosfamide is more common. In adult patients, the
standard of care has been considered bleomycin, etoposide,
and cisplatin, but evidence suggests that paclitaxel and
carboplatin have activity in this setting and may be equiv-
alent and less toxic.32,33 A randomized phase II coopera-
tive group trial is currently underway to compare these two
regimens.

Prognosis is heavily dependent on stage. In pediatric pa-
tients with juvenile granulosa cell tumor, preoperative rupture
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or malignant ascites may confer a worse prognosis than
intraoperative rupture.34 In Sertoli-Leydig cell tumor, the level
of differentiation has major prognostic significance.29

Recurrent disease may be treated with surgery, but other
modalities have efficacy. Radiation therapy may be useful in
settings of recurrent disease.35 Combination therapy with
taxanes or cisplatin, etoposide, and bleomycin may be used,33

and hormonal therapy with leuprolide acetate may demon-
strate activity.36 Bevacizumab has also shown activity and
provides another option for treatment, either alone or in
combination.37,38

Separate from recurrent disease, in some individuals—for
example, those with Sertoli-Leydig cell tumor in the context
of predisposing DICER1 mutations—there is a risk of
metachronous, contralateral Sertoli-Leydig cell tumor. These
metachronous tumors are generally identified as stage Ia
and are often treated with surgery alone.

ONGOING STUDIES
The International Ovarian and Testicular Stromal Tumor
Registry was established in 2011 to study these rare tumors.

Since that time, 140 patients have been enrolled.39 In Europe,
individuals with ovarian sex cord-stromal tumors can be
registered with the European Cooperative Study Group on
Pediatric Rare Tumors.40 International collaboration con-
tinues to advance the understanding of these tumors.

The GOG 264 trial randomly assigned women with newly
diagnosed and recurrent chemonaive ovarian sex cord-stromal
tumors to primary therapy with carboplatin and paclitaxel
versus cisplatin, etoposide, and bleomycin. Thus far, the study
has accrued 40 patients with plans to expand to a juvenile
cohort. In addition, combined treatment with taxanes and
bevacizumab is being investigated in the recurrent setting
in an ongoing trial in Europe.41

SUGGESTIONS FOR FUTURE STUDY
Ovarian sex cord-stromal tumors are underreported but
clinically significant neoplasms. As a result of coding and
reporting issues, these tumors are often not reported to state
or national cancer registries. These methodologic limitations
do not reflect our current understanding of the biology and
clinical relevance of these tumors. A /1 ICD-O behavior code
may result in underestimation of risks. For example, with
Sertoli-Leydig cell tumors, careful staging and assessment of
level of differentiation is required to determine whether ad-
juvant therapy is needed. Referral to an oncology specialist

for evaluation, possible treatment, surveillance, and a discussion
of potential genetic implications is recommended. In ad-
dition, limitations in national reporting prevent an epi-
demiologic understanding of these tumors, including the
risk for subsequent malignancies. These tumors exhibit in-
teresting epidemiologic patterns, disproportionately affect
young women—with implications for fertility and hormone
function—and are now known to be an important com-
ponent of specific tumor predisposition syndromes as de-
scribed above.42

Reconsideration of the criteria for the inclusion of these
tumors in national cancer registries would allow for a more
population-based approach to the study of sex cord-stromal
neoplasms. Benefits would include the ability to calculate true
incidence and survival rates, which, given the long interval
to recurrence of these tumors, is difficult to determine from
single-institution analyses. Another benefit would be the
determination of any geographic or racial and/or ethnic dif-
ferences in incidence.

Changes to coding designations would facilitate clinically
relevant epidemiologic investigations. Including all Sertoli-

Leydig cell tumors, juvenile granulosa cell tumors, and gynan-
droblastomas in national registries through one or both of the
abovemodifications will allow accurate tracking of incidence as
well as subsequent neoplasms to aid in the understanding of the
full spectrum of disease. As cancer epidemiologic investigations
advance, it is critical tounderstandnotonlywhat is histologically
malignant, but also what is clinically significant and what will
ultimately contribute to our understanding of the impact of
cancer and its therapies.

TREATMENT
Our understanding of the pathophysiology of these tumors
continues to advance, yet, at this point, this knowledge has
not yet been translated into novel therapeutic approaches.
Currently, individuals with sex cord-stromal tumors receive
treatment that is similar to that in individuals with germ cell
or epithelial tumors. As translational efforts advance, it is
likely that treatment will evolve and that therapies directed at
the underlying genetic aberrationsmay replacemore generic
treatment.
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