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Abstract
Nonepithelial ovarian cancers represent a small
fraction of ovarian cancers. Malignancies in
this category include sex cord-stromal tumors
(SCST) and ovarian malignant germ cell
tumors (OMGCT), and each of these classifi-
cations encompasses multiple histologic sub-
types. The most common SCST include
granulosa cell and Sertoli-Leydig cell tumors.
Dysgerminomas, yolk sac tumors, and imma-
ture teratomas are the most frequently encoun-
tered OMGCT. The prognosis for these tumors
is good; however, the survival outcome is
dependent on factors such as tumor subtype
and stage at diagnosis. Most patients with
nonepithelial ovarian cancers present with
low stage disease due to symptoms that occur
early in the disease process. Surgery is the
mainstay of treatment for all nonepithelial

ovarian cancers. If desired, fertility sparing
surgery is typically an appropriate manage-
ment option for both SCSTand OMGCT. Post-
operative adjuvant chemotherapy is dependent
on disease type and stage; however, due to the
exquisite chemosensitivity of malignant germ
cell tumors of the ovary, platinum-based com-
bination chemotherapy is used for almost all
cases. The most commonly used initial regi-
men for both SCST and OMGCT is combina-
tion of bleomycin, etoposide, and cisplatin.
Surveillance for recurrent disease is mandated
for all SCST and OMGCT, even those that
present in early stages.
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1 Introduction

Ovarian cancers are classified by their histological
origin, and the majority of ovarian malignancies are
of epithelial origin. Primary nonepithelial ovarian
cancers most commonly include those originating

from germ cells or sex cord-stromal cells, and there
are extremely rare instances of alternative histolog-
ical subtypes such as carcinosarcomas or lipoid cell
tumors. Metastases from other primary sites can
also be found on the ovaries; the most well-known
example of this phenomenon is Krukenberg tumors.
Nonepithelial ovarian cancers are relatively rare
entities, composing only five to ten percent of all
ovarian cancers (Quirk and Natarajan 2005). There
are many similarities between different subtypes of
nonepithelial ovarian cancer in epidemiologic pre-
sentation and treatment pattern; however, each spe-
cific type of tumor has individual clinical
characteristics that are important to recognize.
Nonepithelial ovarian cancers are often caught at
an earlier stage than epithelial type because of more
noticeable early symptoms; however, overall prog-
nosis remains mainly dependent on histological
subtype, tumor grade, and stage at presentation.

2 Sex Cord-Stromal Tumors

2.1 Pathogenesis

Sex cord-stromal tumors (SCSTs) are cancers that
originate from the embryonal stromal or mesenchy-
mal elements of the ovary. These matrix cell ele-
ments of the ovary are typically capable of
producing sex hormones; so, patients with SCST
often present with evidence of excessive estrogen
or androgen phenotypes. The SCST subtypes
consist of granulosa cell tumors, Sertoli-Leydig cell
tumors,fibroma-thecoma tumors, steroid cell tumors,
sex cord tumor with annular tubules, gynandro-
blastoma, and otherwise unclassified tumors. Mixed
cell type tumors are relatively common.ReferTable 1
for SCST subtype classification. The typical age of
presentation varies according to the subtype.

2.2 Granulosa Cell Tumors

Granulosa cell tumors (GCT) are the most com-
mon type of SCST, comprising approximately
75% of SCST (Chen et al. 2003). There are
two types of granulosa cell tumor: adult type
and juvenile type. Demographically, the age at
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presentation for GCT is bimodal, with over 90%
of juvenile type presenting prior to puberty,
while the average age of presentation for adult
type is 50 years (Schumer and Cannistra 2003).

2.3 Adult Type GCT

The presentation of a patient with adult type
granulosa cell tumor often presents with signs of
hyperestrogenization including heavy abnormal

uterine bleeding or postmenopausal vaginal
bleeding. Notably, due to the excess estrogen
exposure encountered with these tumors, there is
an increased risk of coincident endometrial hyper-
plasia, endometrial carcinoma, and breast cancer
(Colombo et al. 2007). Endometrial adenocarci-
noma is diagnosed in approximately 5–10% of
patients with adult type GCT (Schumer and
Cannistra 2003). Additionally, these tumors
sometimes present with symptoms of torsion
including acute visceral abdomino-pelvic pain
and pressure, nausea, and vomiting. Adult GCT
expand rapidly and are often 10–15 cm in diame-
ter at the time of presentation; so, patients can also
present with symptoms of mass effect including
increasing abdominal girth, early satiety, decreas-
ing appetite, nausea, vomiting, and vague abdom-
inal or pelvic pain. It is not uncommon for women
with adult type GCT to present with
hemoperitoneum after rupture of one of these
large vascular masses.

The most important prognostic factor for adult
type GCT is stage at diagnosis. Although adult
GCT is considered to be malignant, clinical
aggressiveness is not defined by mitotic activity
or nuclear atypia (Aboud 1997). The majority,
70–90%, of GCT is unilateral and diagnosed at
stage I disease. For FIGO stage I disease, 5-year
survival rate is reported to be 75–95%; however,
that decreases to 55–75% for stage II disease.
Stage III/IV disease has poor 5-year survival
rates at 20–50% (Gurumurthy et al. 2014).
Long-term recurrence is relatively high for
patients with all stages of disease. Approximately
25% of patients experience a recurrence, with
30% recurrences occurring greater than 5 years
after treatment and 20% after 10 years
(Gurumurthy et al. 2014).

2.4 Juvenile Type GCT

Juvenile granulosa cell tumor also typically pre-
sents with the effects of hyperestrogenization.
In prepubertal girls, these tumors can present
with signs of isosexual precocious pseudo-
puberty, including premature breast and pubic
hair development and other secondary sexual

Table 1 World Health Organization histologic classifica-
tion for sex cord-stromal tumors

WHO histologic classification Pathology

Granulosa cell tumor

Adult Malignant

Juvenile Malignant

Sertoli cell tumors Malignant potential

Sertoli-Leydig cell tumors

Well differentiated Malignant potential

Intermediate differentiation Malignant

Poorly differentiated Malignant

Heterologous elements Malignant

Leydig cell tumors Benign

Stromal-Leydig cell tumors Benign

SCTATa without Peutz-Jaghers
syndrome

Malignant

SCTATa with Peutz-Jaghers
syndrome

Benign

Gynandroblastoma Malignant/malignant
potential

Thecoma

Typical Benign

Luteinized Malignant potential

Increased mitotic figures Malignant potential

Fibroma

Cellular Malignant potential

Cellular with increased mitotic
figures

Malignant potential

Fibrosarcoma Malignant

Stromal tumor with minor sex
cord elements

Benign

Sclerosing stromal tumor Benign

Signet ring stromal tumor Benign

Unclassified Malignant potential

Steroid cell tumors Malignant

Unclassified SCSTb Malignant potential
aSex cord tumor with annular tubules
bSex cord-stromal tumor
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characteristics. Amenorrhea or menstrual irreg-
ularities can present in young women who are
closer to the expected chronologic age of
puberty. Like adult type GCT, juvenile type can
present with mass effect as described above or
hemoperitoneum. Additionally, since these
tumors potentially present in reproductive age
women, they should be considered in the differ-
ential diagnosis of an adnexal mass during preg-
nancy. GCT are especially concerning as rupture
during pregnancy can be catastrophic, with one
review finding a 10% rate of rupture with
resulting hemoperitoneum requiring emergent
intervention during pregnancy (Blake
et al. 2014).

Prognosis for juvenile type GCT is also depen-
dent on stage at presentation, and these tumors
exhibit more aggressiveness and worse outcome if
initially diagnosed at an advanced stage. The
juvenile form of GCT is also typically diagnosed
early, with over 90% of cases being unilateral and
stage I disease at diagnosis (Young et al. 1984).
Survival has been noted to be approximately 25%
for patients diagnosed with stage II–IV disease,
and recurrences of juvenile type disease typically
occur early, within 3 years or less from treatment
(Young et al. 1984).

2.5 Diagnosis of GCT

Diagnosis of both types of GCT is similar. Clinical
suspicion might be aroused by presentations as
described above, specifically evidence of
hyperestrogenization, mass effects, torsion, or
more acute presentation of hemoperitoneum and
hypotension indicating a surgical emergency. On
physical exam, these clinicians will often encoun-
ter a palpable mass on bimanual pelvic exam.
Other physical exam findings would be contin-
gent on the patient’s age at diagnosis, such as
breast and pubic hair development in young girls
or postmenopausal vaginal bleeding in older
women.

Ultrasonography often demonstrates a large
adnexal mass with semisolid or echogenic fea-
tures, sometimes with septations. Additionally,

thickened endometrial stripe is a concerning sign
in postmenopausal women (Schumer and
Cannistra 2003). Cystic adult GCT, a rare variant,
can appear sonographically like a benign, simple
cyst, thus causing delays in management and
diagnosis. Cystic adult GCT are typically thin
walled and can be loculated. There is no definitive
diagnostic imaging modality for these or any other
type of ovarian tumor.

Tumor markers are also not diagnostic but
can contribute to clinical suspicion for and sub-
sequent surveillance of GCT. Estradiol has not
been found to be a reliable marker of disease
progression. Inhibin A and B have been found
to be useful markers for both adult and juvenile
type disease; however, they are nonspecific and
can also be elevated in epithelial ovarian cancers
as well as other conditions (Colombo
et al. 2007).

Other important diagnostic considerations
include performing an endometrial biopsy and
performing breast exam and imaging due to
potential sequelae from elevated levels of serum
estrogen.

Definitive diagnosis requires final pathological
analysis. Gross analysis typically yields a large
tumor measuring 10–15 cm with dense vascular
solid components. Hemorrhage and necrosis are
common macroscopic findings. The most charac-
teristic microscopic features are the “coffee bean”
nuclei within granulosa cells and the Call-Exner
bodies, an eosinic cystic center surrounded by
rosettes of cells. Microscopic images of granulosa
cell and other ovarian sex cord-stromal tumors
can be found in Fig. 1a. Microscopic nodular
growth patterns can also be observed in juvenile
type GCT (Fig. 1b).

2.6 Genetic Alteration of GCT

Recent advances have allowed for better elucida-
tion of the molecular components of these rare
tumors. A missense point mutation in a gene
encoding a transcription factor, FOXL2, has
been identified in adult granulosa cell tumors,
and it is thought that this mutation is likely present
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in all adult granulosa cell tumors (Gershenson
2012).

2.7 Sertoli-Stromal Cell Tumors

Sertoli-stromal cell tumors, or androblastomas,
comprise approximately 5–10% of all diagnosed
SCSTs. There are several subtypes of tumor that
fall into this category, Sertoli cell tumors and
Sertoli-Leydig cell tumors, which are then char-
acterized by the degree of tumor differentiation.
These tumors typically present in reproductive
age women and are almost universally unilateral.
Over 90% of Sertoli-stromal cell tumors are stage
I at diagnosis (Colombo et al. 2007).

2.8 Sertoli-Leydig Cell Tumors

Sertoli-Leydig cell tumors are typically found in
premenopausal women with an average age of

presentation of 25. Histologically, they are formed
of cells resembling stromal and epithelial testicu-
lar cells. They are frequently hormonally active,
most commonly producing androgenic sex steroid
hormones. Due to this, approximately 75% of
patients present with clinical evidence of
virilization including temporal balding,
hirsuitism, voice changes, and even clitoromegaly
in rare cases (Colombo et al. 2007).

There are five histological subtypes of Sertoli-
Leydig tumor based on degree of differentiation:
well, intermediate, poor, retiform, and heterolo-
gous. Sertoli-Leydig cell tumors are most likely to
fall into the pathological category of low malig-
nant potential; however, those that are poorly
differentiated can demonstrate aggressive behav-
ior. Multiple review articles have examined out-
come based on histological subtype. Well-
differentiated tumors have uniformly benign
behavior, but poorly differentiated tumors have
been shown to have malignant characteristics
such as metastasis or invasion in up to 60% of

Fig. 1 Microscopic findings in sex cord-stromal tumors of
the ovary ((a). Adult granulosa cell tumor with Call-Exner
bodies (b). Juvenile granulose cell tumor with nodular
growth (c). Sertoli-Leydig cell tumor with heterologous

elements (d). Sex cord tumor with annular tubules
(e). Fibrothecoma (Courtesy of Drs. Abby M Richmond
and Miriam D Post, Department of Pathology, University
of Colorado, Aurora, Colorado))
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the time (Young 2005; Zaloudek and Norris
1984). Grading is based on cellular differentia-
tion; cytologic atypia, mitotic activity, and necro-
sis are markers of increased risk. Survival of
patients with stage I disease is greater than 90%
(Colombo et al. 2007). However, outcome is
extremely poor for patients that present with dis-
ease beyond stage I with mortality being more
than 90% (Chen et al. 2003).

2.9 Genetic Alteration of Sertoli-
Leydig Cell Tumors

The recent identification of an important genetic
alteration called the DICER1 somatic missense
mutation will allow for future research on the
molecular biology of these tumors. The DICER1
codes for a domain on a component of the RNase
III family, and this mutation was identified on
60% of patients with Sertoli-Leydig cell tumors
in one recent study (Gershenson 2012). The
DICER1 mutation has also been identified in
familial nontoxic multinodular goiter and
pleuropulmonary blastoma, and both of these
pathologies have been associated with increased
frequency of Sertoli-Leydig cell tumors (Rio Frio
et al. 2011).

2.10 Sertoli Cell Tumors

Sertoli cell tumors are formed from cellular pro-
liferations that resemble the rete ovarii and rete
testis and lack the Leydig component. The aver-
age age of presentation is 30 years. Only a quarter
of these tumors demonstrate hormonal activity,
which, if present, can be either estrogenic or
androgenic. Sertoli cell tumors have been associ-
ated with Peutz-Jaghers syndrome (PJS) (Oliva
et al. 2005). They are usually unilateral and
stage I at presentation (Chen et al. 2003). Most
of these tumors are well differentiated and clini-
cally benign; however, those with atypical cyto-
logic features are more likely to be clinically
malignant (Young 2005). Pure Sertoli cell tumors
are rare and there is little data on survival in
patients with more advanced disease; however,

there is much higher risk for distant metastasis in
tumors exhibiting cytologic atypia (Oliva
et al. 2005).

2.11 Diagnosis of Sertoli-Stromal
Cell Tumors

Clinical suspicion for Sertoli cell tumors should
be aroused if an adnexal mass is detected in a
young reproductive age woman with evidence of
virilization. If evidence of masculinization is pre-
sent, elevated serum testosterone-to-androstene-
dione ratio is concerning for Sertoli-Leydig
tumor. Other serum markers for an androgenically
active tumor includes serum testosterone levels
>150 ng/dL or dehydroepiandrosterone sulfate
(DHEAS) levels >8000 μg/L (Carmina
et al. 2006). However, only one half of patients
will present with evidence of androgenic change;
presenting symptomatic complaints in most
patients will be related to mass effects of a
tumor. Inhibin A and B can be useful clinical
markers to follow for Sertoli-stromal cell tumors
if elevated prior to surgical management.

Pathological analysis of the excised tumor is
the only way to definitively diagnose these
tumors. Many of these tumors have notable eosin-
ophilic cytoplasm that is sometimes strikingly
vacuolated, similar to a seminoma (Young
2005). The predominant microscopic pattern
noted is tubular cells. Immunohistochemical
staining is important for correctly identifying dif-
ferent histologic subtypes of Sertoli cell tumors as
they can appear visually similar (Young 2005).
Sertoli-Leydig cell tumors, which are
subclassified into five levels of differentiation,
have significant overlap amongst these levels of
differentiation (Fig. 1c). Sertoli-Leydig tumors
are sometimes described as having a distinct
retiform pattern (Young 2005).

2.12 Sex Cord Tumor with Annular
Tubules

Sex cord tumors with annular tubules (SCTAT)
are rare, encompassing only 5% of SCST. SCTAT
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are morphologically described as having compo-
nents of both granulosa and Sertoli cell tumors
(Fig. 1d). There are two distinct subtypes of
SCTAT. Approximately one-third of SCTAT are
associated with Peutz-Jaghers syndrome (PJS);
these masses are typically small, bilateral,
multifocal, and clinically benign.

SCTAT not associated with PJS tend to be larger
and unilateral; approximately half of these tumors
present with evidence of hyperestrogenization
including postmenopausal vaginal bleeding, men-
strual irregularities, or isosexual precocious
puberty. Another distinctive characteristic is an
association of SCTAT with adenoma malignum of
the cervix. Adenoma malignum of the cervix, or
minimal deviation adenocarcinoma, is an extremely
rare well-differentiated adenocarcinoma of the cer-
vix; this finding is only associated with SCTAT not
found in conjunction with PJS. Although adenoma
malignum of the cervix is a very rare finding, a
review article of SCTAT found that of the four
patients with this condition two of them died from
it (Young et al. 1982). Approximately 20% of these
tumors are malignant.

Diagnosis of SCTAT associated with PJS is typ-
ically incidental as they are not hormonally active
nor large enough to causemass effects. Diagnosis of
SCTAT not associated with PJS is similar to that of
other SCST. If there are signs of hyperestrogenism,
endometrial sampling is recommended to evaluate
for a coincident malignant process. Also, carefully
evaluate the cervix prior to surgery due to the asso-
ciated with adenoma malignum.

2.13 Fibroma-Thecomas

Fibromas are typically benign masses found inci-
dentally as they are rarely hormonally active. They
originate from collagen producing cells in the ovar-
ian stroma. They typically present inwomen around
the age of perimenopause. They are sometimes
associated with ascites. Even more rarely, they pre-
sent with a clinical triad including pleural effusion,
typically right sided, ascites, and a solid ovarian
mass. This triad is called Meigs syndrome and is
present on only 1% of fibromas (Riker and
Goba 2013). The mechanism surrounding Meigs

syndrome is unclear; however, it is likely due to a
large volume transudative process involving the
tumor which exceeds the pertinoeum’s ability to
resorb the fluid (Carson and Mazur 1982). While
the vast majority of these tumors are benign,
approximately 10% have nuclear characteristics,
such as cytologic atypia or increased mitotic pat-
terns, that characterize them as tumors of low
malignant potential, and 1% show evidence of
transformation into fibrosarcoma and thereforewar-
rants further treatment.

Thecomas are called such due to their charac-
teristic appearance which resembles the theca
lutein cells surrounding ovarian follicles (Chen
et al. 2003). They can present at any age but
present most often in postmenopausal women.
These tumors are often hormonally active and
present with signs of hyperestrogenization.
Much like granulosa cell tumors, patients
presenting with signs of excess estrogen exposure
are also at risk for endometrial hyperplasia or
adenocarcinoma (Aboud 1997). Less commonly
these tumors are either not hormonally active or
androgenic luteinizing elements are present with
resulting signs of masculinization. Notably, these
are benign masses and are typically unilateral.

Sclerosing stromal tumors are rare masses that
also fall under the classification of fibroma-
thecomas. Their characteristic presentation is
that of a unilateral mass in a woman under the
age of 30. They are clinically benign. Sclerosing
stromal tumors are typically hormonally inactive
but can present with menstrual irregularities and
pelvic pain (Marelli et al. 1998).

2.14 Diagnosis of Fibroma-Thecoma

Like other ovarian masses, fibromas and thecomas
are definitely diagnosed histologically after surgical
management (Fig. 1e). After initial clinical evalua-
tion with a thorough history and physical, at which
time an adnexal mass might be palpated, ultraso-
nography can be performed. Thecomas are uni-
formly solid appearing masses on ultrasound and
can be mistaken as an extrauterine leiomyoma
(Burandt and Young 2014). For fibromas, if the
Meigs triad is present, a thoracentesis can help to
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evaluate for malignant pleural effusion prior to
operative management. There are no specific
serum markers that are relevant for fibroma-
thecomas. However, cancer antigen 125 (CA125)
is sometimes elevated, which can initially raise
suspicion for epithelial ovarian carcinoma in the
context of an adnexal mass. As with any patient
presenting with postmenopausal vaginal bleeding,
it is recommended that the endometrium be sam-
pled prior to surgery if there is any concern for
endometrial pathology.

2.15 Steroid Cell Tumor

Steroid cell tumors are rare, representing less than
5% of SCST. Histologically, they resemble either
testicular Leydig cells (Leydig cell tumors), adre-
nal cells (stromal luteomas), or steroid cell tumors
not otherwise specified (NOS). Both Leydig cell
tumors and stromal luteomas typically present in
older, postmenopausal women. Leydig cell
tumors often present with evidence of virilization,
while stromal luteomas are more likely to present
with postmenopausal vaginal bleeding or other
evidence of hyperestrogenization. These tumors
are almost universally benign; however, as with
other SCSTs that are hormonally active, evalua-
tion of the endometrium is recommended if there
is concern for excess estrogen exposure.

Steroid cell tumors NOS typically present in a
younger demographic and are more likely to
secrete adrenal hormones such as cortisol.
Women with steroid cell tumors NOS might pre-
sent with a clinical characteristics mimics to
Cushing syndrome, signs of which include
increased abdominal adiposity, violaceous striae,
moon facies, and labile mood. Approximately
one-fifth of these tumors behave in a malignant
fashion (Chen et al. 2003).

2.16 Gynandroblastoma

Gynandroblastomas are extremely rare. Like
many SCSTs they do not demonstrate uniform
cellular patterns; they typically are composed of
granulosa and Sertoli components. These tumors

can also present with signs of hormonal excess,
and either evidence of hyperandrogenism or
hyperestrogenism are possible depending on the
histologic components of the tumor. The progno-
sis for gynandroblastoma is very good, although
evidence regarding outcome is limited due to the
extremely rare nature of this tumor.

2.17 Unclassified Sex Cord-Stromal
Tumors

An additional category of SCST is otherwise
unclassified. These are composed of an indistinct
mixture of granulosa and Sertoli cells. Because
they can have either ovarian or testicular cell
predominance, their presentation is varied. Much
like pure granulosa or Sertoli cell tumors, unclas-
sified SCST can present with signs of virilization
or hyperestrogenism. However, many of these
tumors do not demonstrate hormonal activity.
They behave clinically like their primary compo-
nents, and outcome is typically based on the
degree of morphological differentiation.

2.18 Management of Sex
Cord-Stromal Tumor

Surgical resection is the foundation of treatment
for SCST. However, while surgical management
is the best method treatment and is often curative,
it is important to tailor the treatment plan based on
the patient and the specific tumor cell type. Typ-
ically, neoadjuvant chemotherapy does not have a
role in treatment of SCST as these tumors are
typically identified at an early stage and often
aren’t recognized as malignancies until
intraoperative frozen section identifies them as
such, especially in those tumors that are hormon-
ally inactive.

2.19 Preoperative Management

Considerations prior to surgery include standard
preoperative work-up. Serum labs, such as com-
plete blood count, complete metabolic panel, and
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type and screen, are recommended. While the
blood loss is typically minimal, a type and cross
ought to be considered if granulosa cell tumor is
suspected due to the possibility of highly vascular
nature of these tumors and associated risk for
rupture and hemoperitoneum. Other preoperative
considerations include systemic imaging. If there
is concern for metastasis beyond the ovary alone,
chest radiography or computed tomography of the
chest, abdomen, and pelvis can provide more
insight regarding the presence of metastatic dis-
ease. Tumor markers can be drawn prior to resec-
tion, as these can be used in surveillance and can
be predictive of increased risk for recurrent dis-
ease. See Table 2 for suggested tumor markers.
CA125, which is a useful marker for many epi-
thelial ovarian cancers, has no clinical utility for
SCST (Stine et al. 2013). If the patient has multi-
ple medical comorbidities, consider referral to a
primary care physician and preanesthesia services
to achieve the best medical optimization possible
prior to surgery.

Another integral aspect of treatment plan-
ning that can be discussed with the patient and
family preoperatively is desire for future fertil-
ity. Approximately, 15% of all ovarian cancers
present in women of reproductive age, and,
while the majority of SCST are diagnosed in

postmenopausal women, these tumors do pre-
sent frequently in young women (Gershenson
2005). As detailed above, the vast majority of
SCST present unilaterally at an early stage. In
this context, it is possible to consider conserva-
tive surgery in those that desire future parity.
While some fertility sparing options would
require assisted reproductive technology, they
would allow for the potential of future biolog-
ical children. Oocyte cryopreservation can also
be considered since recurrence in the contralat-
eral ovary or premature ovarian failure follow-
ing adjuvant chemotherapy can occur.
A consultation with a specialist in oncofertility
can be offered to young women wishing to
discuss options for future fertility. While man-
agement of the malignancy must supersede
considerations of future fertility, it is integral
to discuss the subject of future fertility with
younger women prior to proceeding with sur-
gery. In addition, benefits of ovarian sex hor-
mone for cardiovascular, bone, and cognitive
health aspects in young premenopausal women
need to be considered.

If a malignancy is suspected, a consultation
with a gynecologic oncologist prior to operative
management is suggested. Due to the rare nature
of SCST and the fact that they are often not hor-
monally active, there are a significant number of
these tumors that are identified intraoperatively or
on pathology postoperatively. It is beneficial to
have the potential for frozen pathology analysis
if concerning tumor characteristics are encoun-
tered intraoperatively.

2.20 Surgical Management

Surgical management with complete cytoreduction
if metastases are present will provide the patient
with the best outcome (Gershenson 2012). Surgical
approach will vary based on patient and disease
characteristics. Minimally invasive approaches are
often appropriate for presumed stage I disease;
however, if there is tumor rupture this will result
in upstaging and potentially necessitate further
treatment. Open approaches allow more access for
complete cytoreduction in more advanced stage

Table 2 Tumor markers for sex cord-stromal tumor and
malignant germ cell tumor of the ovarya

Serum marker
Associated nonepithelial
ovarian tumor

Inhibin A and B Granulosa cell tumor,
Sertoli-Leydig cell tumor

Serum testosterone Sertoli-Leydig cell tumor

Lactate dehydrogenase
(LDH)

Dysgerminoma

Beta human chorionic
gonadotropin (beta-hCG)

Choriocarcinoma,
embryonal carcinoma

Alpha-fetoprotein (AFP) Yolk sac tumor, embryonal
carcinoma, immature
teratoma

Serum squamous cell
cancer antigen (SSCA)

Mature teratoma with
malignant squamous
transformation

Cancer antigen
25 (CA125)

Fibroma, struma ovarii,
teratoma

aMarkers will not be elevated in all cases of the associated
malignancy
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disease, which can be anticipated based on clinical
exam and imaging findings.

The decision to proceed with surgical staging
will be based on frozen section results and
intraoperative findings. If the tumor is not a malig-
nant SCST, comprehensive staging can be omit-
ted. Thus, if the pathology is positive for a benign
lesion, then the surgery can be completed without
further staging. However, it must be remembered
that frozen pathology is not infallible, and accu-
racy may be decreased in the setting of rare tumors
such as SCST (Covens et al. 2012). If staging was
not performed at the time of an initial surgery, an
additional staging procedure may be completed if
indicated by malignancy results on permanent
pathology and systemic imaging suggests suspi-
cion for metastasis. Figure 2 provides recommen-
dations for the initial surgical management of
SCST.

Surgical staging can be completed via mini-
mally invasive approach or open laparotomy.

Staging consists of a thorough exploration of the
abdomen and pelvis, collection of pelvic wash-
ings, peritoneal biopsies and partial omentectomy
as well as cytoreduction any visible tumor includ-
ing hysterectomy and bilateral salpingo-
oopherectomy in women not wishing to maintain
reproductive potential. The role of routine
lymphadenectomy in staging SCST has been
debated. Lymphadenectomy has not been shown
to improve survival in SCST, and the procedure
can be associated with increased postoperative
complications including lymphocele or lymph-
edema (Gershenson 2012). The National Compre-
hensive Cancer Network (NCCN), which
articulates treatment guidelines for malignancies
in the United States, specifies that routine
lymphadenectomy can be omitted during the stag-
ing of SCST (Morgan 2015).

As above, the desire for future fertility can be
discussed prior to proceeding with operative man-
agement. In the absence of advanced disease,

Fig. 2 Principles of surgical management for sex cord-stromal tumors of the ovary
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fertility sparing surgery is an acceptable manage-
ment option for women with stage IA to IC dis-
ease (Morgan 2015). Procedures considered
fertility sparing include ovarian cystectomy, uni-
lateral salpingo-oopherectomy with or without
coincident hysterectomy, or bilateral salpingo-
oopherectomy with uterine preservation
(Gershenson 2005).

2.21 Postoperative Management

The decision to proceed with additional treatment
versus expectant management is dependent on
stage and, sometimes, tumor characteristics.
Guidance on postoperative treatment is shown in
Fig. 3. The most common postoperative treatment
options utilized are either observation or
platinum-based chemotherapy. Tumor markers,
if elevated at the time of presentation, are a rela-
tively noninvasive way to monitor for recurrence.
Radiotherapy is of limited use for SCST but can
be used for palliative purposes.

As with surgical management, fertility desires
can be discussed prior to initiation of chemotherapy.

Cryopreservation can be considered before starting
chemotherapy, especially since platinum-based
modalities are known to be especially toxic to
oocytes. Cryopreservation also allows for fertility
in the context of recurrent disease on the contralat-
eral ovary if fertility sparing surgery has been
performed.

2.22 Low-Risk Disease

For stage IA disease, the prognosis is excellent;
so, no further treatment is recommended (Morgan
2015). Surveillance, consisting of pelvic exams
and serum tumor marking testing if initially ele-
vated, should occur every 2–4 months for the first
2 years following surgery, then every 6 months
thereafter (Salani et al. 2011). Systemic imaging is
indicated if recurrence is suspected.

2.23 Intermediate-Risk Disease

For disease diagnosed at a higher stage, there is still
debate over optimal management. Intermediate-risk

Fig. 3 Adjuvant therapy
for sex cord-stromal tumors
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stage I disease is classified based on characteristics
such as tumor rupture, large tumor size, highmitotic
rate, positive cytology, heterologous elements,
poorly differentiated tumor, or incompletely staged
disease (Morgan 2015). Any stage II disease also
falls into the category of intermediate risk. The
current consensus recommends either observation,
with surveillance as detailed above, or platinum-
based chemotherapy (Morgan 2015). The preferred
adjuvant regimen is either platinum plus taxane or
bleomycin, etoposide, and cisplatin (BEP). The
most commonly used first line regimen is the
5-day BEP course because it has the highest
known response rate (Homesley et al. 1999).
Three cycles administered every 3 weeks is
recommended for completely resected disease, but
one additional cycle is recommended for patients
with incompletely resected disease (Homesley
et al. 1999).

2.24 High-Risk Disease

Adjuvant chemotherapy is definitely recom-
mended for higher risk patients including stage
III to IV disease. The same regimen of BEP as
that detailed for intermediate-risk disease is
recommended. Thus, for completely resected dis-
ease, three cycles is adequate treatment, while
administering four cycles is recommended for
incompletely resected disease.

2.25 Surveillance

Risk of recurrence remains high even years after
surgical resection and adjuvant treatment.
According to the NCCN guidelines, surveillance
consists of office visits every 2–4 months for
2 years following completion of treatment.
These visits will include a pelvic exam and
serum tumor markers if initially elevated. Imag-
ing can be performed in the context of a
suspected recurrence. There is no role for rou-
tine serum tumor markers or imaging without
suspicion for recurrence. After 2 years, surveil-
lance visits should occur every 6 months
(Morgan 2015).

2.26 Recurrent Disease

Disease can recur after long periods of remission,
which is why continued surveillance at 6-month
intervals is recommended after the initial 2-year
period. Currently, there are no definitive guide-
lines for recurrent disease. Secondary
cytoreduction is considered in cases with limited
disease volume. Combination platinum-based
chemotherapeutic regimens are typically consid-
ered first-line therapy whether or not secondary
debulking is performed; BEP is administered
most frequently due to its high response rate
(Homesley et al. 1999). Other acceptable recur-
rence therapy options as designated by the NCCN
include aromatase inhibitors, bevacizumab (for
GCT), taxane, taxane plus ifosfamide, taxane
plus carboplatin, tamoxifen, vincristine plus
dactinomycin plus cyclophosphamide, radiation,
or supportive care only (Morgan 2015). Possible
novel strategies include hormonal therapy, such as
aromatase inhibitors or the gonadotropin-
releasing hormone agonist, leuprolide, for
granulosa cell tumors (Morgan 2015). While
promising, these treatment methodologies are
still under investigation. The identification of
germline mutations, such as FOXL2 mutations,
may allow for exploration of targeted therapeu-
tics. Thus far, there has been investigation of
ketoconazole, the cytochrome P17 (CYP17)
inhibitor, as a treatment modality for recurrent
granulosa cell tumors due to the recognition that
FOXL2 downregulates CYP17 (Garcia-Donas
et al. 2013). Because this is based on case report,
further studies are warranted. The antiangiogenic
bevacizumab has been shown to have moderate
activity against recurrent OSCST; more studies
involving vascular endothelial growth factor
inhibitors are currently underway (Gershenson
2012).

2.27 SCST in Pregnancy

Although a rare phenomenon, SCST does occur
coincident with pregnancy. Mirroring the inci-
dence of SCST outside of pregnancy, the most
commonly encountered histological subtype is
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granulosa cell. Notably, a rate of serious adverse
events including hemoperitoneum and maternal
shock was observed to be greater than 40% in a
recent review of pregnancies complicated by
SCST (Blake et al. 2014). Therefore, pregnancy
complicated by suspected SCST is characterized
as a high-risk pregnancy and managed in conjunc-
tion with gynecologic oncology and maternal-
fetal medicine specialists. Survival of patients
with SCST diagnosed within the context of a
pregnancy seems comparable to those diagnosed
not related to pregnancy, even when managed
conservatively (Blake et al. 2014). Management
of pregnancy complicated by SCST is not stan-
dardized; however, fetal preservation surgery,
especially if undertaken in the second trimester,
is a reasonable option associated with good mater-
nal and fetal outcomes.

3 Ovarian Malignant Germ Cell
Tumors

3.1 Pathogenesis

Germ cell tumors are cancers that originate from
primordial germinal cells. Germ cell tumors of
the ovary are most often benign, with malignant
tumors representing only 5% of germ cell diag-
noses. Malignant germ cell tumors comprise
only about 2–3% of all ovarian malignancies
(Quirk and Natarajan 2005). Ovarian germ cell
tumors can be further classified into primitive
germ cell tumors, differentiated germ cell
tumors, and mixed tumor types as described in
Table 3. This chapter will address malignant
variations of germ cell tumors including
dysgerminoma, immature teratoma, yolk sac
tumor, polyembryoma, choriocarcinoma,
embryonal carcinoma, and mixed germ cell
tumor. The most common germ cell tumor is
the mature cystic teratoma, or dermoid cyst,
and, while typically benign, cellular components
of the dermoid can undergo malignant transfor-
mation. In general, ovarian malignant germ cell
tumors (OMGCT) present in women under age
30. Depending on the subtype, malignant germ
cell tumors can demonstrate hormonal activity.

The molecular pathogenesis of OMGCT is
currently under investigation. Specific microRNA
clusters were noted to be overexpressed in all
OMGCT. Notably, after a patient with yolk sac
tumor was successfully treated, these clusters
returned to a normal level (Gershenson 2012).
Additionally, the KIT oncogene, a tyrosine kinase
receptor recognized as a proto-oncogene in mul-
tiple malignancies, has been identified in
dysgerminomas, especially those at advanced
stage (Gershenson 2012).

3.2 Dysgerminoma

Dysgerminomas are traditionally the most com-
mon malignant germ cell neoplasm, but incidence
is reported to be decreasing proportionally to
other germ cell malignancies in recent years
(Smith et al. 2006). These tumors are the “proto-
typical” germ cell tumors, meaning they are com-
posed of cells that resemble primordial germ cells
and appear histologically very similar to
seminomas originated from testicular cells.
Unlike other types of germ cell tumors,
dysgerminomas cannot further differentiate
(Chen et al. 2003). These tumors present bilater-
ally in approximately 15% of cases.

Historically, the prognosis for dysgerminoma
was dismal; however, due to their chemosen-
sitivity, overall survival is now greater than
99% (Chan et al. 2008). Over two-thirds of
patients present at stage I; however, even later

Table 3 World Health Organization histologic classifica-
tion for germ cell tumors of the ovary

Primitive germ cell tumors

Dysgerminoma

Yolk sac tumor

Embryonal carcinoma

Polyembryoma

Nongestational choriocarcinoma

Teratomas

Immature

Mature solid

Mature cystic (dermoid)

Monodermal

Mixed forms
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stage disease has an excellent prognosis. Nota-
bly, dysgerminomas often spread lymphatically,
and approximately one quarter of
dysgerminomas are found to have metastasized
to regional lymph nodes at the time of diagnosis
(Kumar et al. 2008).

3.3 Diagnosis of Dysgerminoma

If an adnexal mass is identified in a young woman,
malignant germ cell tumors can be considered in
the differential diagnosis. Since these tumors
occur bilaterally in approximately 15% of cases,
careful attention during the exam of the contralat-
eral ovary after a mass is appreciated. The most
common presenting symptom is vague abdominal
or pelvic pain due to mass effect. However, acute
presentations can occur if the mass torses or rup-
tures causing hemoperitoneum.

Notably, dysgerminomas are found dispropor-
tionately in the context of gonadal dysgenesis.
Females with karyotypically abnormal gonads,
such as those with Turner syndrome (45X/46XY)
or Swyer syndrome (46XY), are at risk for devel-
oping a gonadoblastoma. While gonadoblastomas
are benign lesions, approximately 40% of these
masses undergo malignant transformation, often
into dysgerminomas (Pena-Alonso et al. 2005).
Young women presenting with abnormal bleeding
patterns and pelvic masses should be carefully eval-
uated for the presence of gonadal dysgenesis. If
there is concern for gonadal dysgenesis, a karyotype
can be performed.

Imaging via ultrasonography is another impor-
tant component of the evaluation of a patient with
an adnexal mass. Typically these present as solid
masses on imaging. Ultrasound characteristics
include a well-defined mass divided into compo-
nent lobules with color Doppler demonstrating
rich vascularization (Shaaban et al. 2014). Com-
puted tomography (CT) also demonstrates a mass
that is solid and potentially septated with scattered
calcifications (Shaaban et al. 2014). CT can also
demonstrate sequelae of advanced disease includ-
ing ascites or evidence of distant metastases or
lymphadenopathy.

Tumor markers can also be elevated in the
presence of dysgerminoma. Typically these
tumors are not hormonally active; they can con-
tain syncytiotrophoblasts which cause serum
beta-human chorionic gonadotropin (beta-hCG)
elevations. Additionally, serum levels of lactate
dehydrogenase (LDH) can also be elevated in the
presence of dysgerminoma. While LDH is not
specific, it can be a useful serum marker for recur-
rence if elevated initially.

As with any malignancy, definitive diagnosis
cannot be made until final pathology is reviewed.
These tumors are typically solid and white or gray
in macroscopic appearance. Microscopically,
these tumors resemble testicular cancers. Cells
are round and uniform, usually surrounded by
fibrous stranding or T lymphocyte infiltration
(Fig. 4a).

3.4 Yolk Sac Tumors

Yolk sac tumors, previously called endodermal
sinus tumors, are composed of remnants of the
primitive yolk sac or vitelline elements. These
tumors characteristically grow rapidly, and they
typically present at a young age, rarely occurring
in women over the age of 40. While yolk sac
tumors are generally unilateral, they are more
aggressive than most other germ cell tumors. Not
only do yolk sac tumors demonstrate rapid
growth, distant disease is often noted at presenta-
tion. The most common sites of metastasis include
the lungs and local peritoneal spread (Chen
et al. 2003).

Due to their aggressive characteristics, yolk sac
tumors have the worst prognosis of all germ cell
malignancies. Almost half of the cases of yolk sac
tumor present after advancing beyond stage I dis-
ease. Even with appropriate treatment, survival
rate for patients with stage III-IV disease is
50–75%. However, 5-year survival rate for
patients with only stage I disease is greater than
90% (Chan et al. 2008). According to recent data,
recurrences usually present within a year follow-
ing treatment and are typically not responsive to
further therapy (Cicin et al. 2009).
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3.5 Diagnosis of Yolk Sac Tumor

Since yolk sac tumors typically grow rapidly,women
with these tumors often complain of relatively acute
onset abdominal or pelvic pain. Review articles have
noted several caseswith growth ofmassesmeasuring
greater than 20 cm over the course of weeks to
months (Kurman and Norris 1976). Capsular rupture
is fairly common, likely because of the rapid expan-
sion of these tumors. These patients can also present
with hemoperitoneum as these rapidly growing
lesions are highly vascularized. If a large mass is
palpable on pelvic exam, especially in a young
premenopausal woman, suspicion for a yolk sac
tumor is increased.

Imaging can be obtained after appreciation of a
mass on exam. Ultrasound findings can include a
unilateral mass with heterogenous echogenicity and
septations. Computed tomographic images are
often significant for enhancing foci in the tumor
wall attributable to dilated blood vessels. Capsular
tears can also sometimes be appreciated on imag-
ing. None of these findings is pathognomonic for
yolk sac tumors; however, they can help contribute

to heightened preoperative suspicion for this entity
(Shaaban et al. 2014).

Serum tumor markers can also be helpful in both
preoperative evaluation for yolk sac tumors and for
postoperative surveillance. These tumors produce
alpha-fetoprotein (AFP). AFP is not specific for
yolk sac tumors as other germ cell malignancies
can produce this protein that is typically found in
fetal circulation; however, yolk sac tumors will
almost universally have elevated AFP level.

Pathological analysis is required for definitive
diagnosis. Gross pathology will be significant for
a large mass, on average measuring 15 cm, with
mixed solid and cystic components. There are
often focal areas of hemorrhage and necrosis in
macroscopic appearance. Microscopically, these
tumors can vary significantly in appearance; how-
ever, by definition they resemble the cellular
structure of the primitive yolk sac. The appear-
ance of an isolated papillary body containing a
centralized vessel and surrounded by embryonic
epithelial cells, called a Schiller-Duval body, is
pathognomonic for yolk sac tumor but is not
required for diagnosis (Fig. 4b).

Fig. 4 Microscopic findings of malignant germ cell
tumors of the ovary ((a). Dysgerminoma (b). Yolk sac
tumor with Schiller-Duval bodies (c) Embryonal carci-
noma (d). Immature teratoma with rosette (e). Mature

cystic teratoma (f). struma ovarii (Courtesy of Drs. Abby
M Richmond and Miriam D Post, Department of Pathol-
ogy, University of Colorado, Aurora, Colorado))
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3.6 Embryonal Carcinoma,
Polyembryona, and Mixed
Germ Cell Tumor

Other rare subtypes of primitive germ cell tumors
include embryonal carcinoma, polyembryona,
and mixed germ cell tumor. While all of these
variants are likely to present in somewhat mixed
form, they each have specific characteristics that
allow them to be classified as individual entities.

Embryonal carcinoma is another malignant
variant that can evolve from dysgenetic gonads.
These tumors typically present in girls in their
teenage years. Embryonal carcinoma typically
produces beta-hCG and often produces AFP. On
pathology, these tumors are noted to have solid
sheets of anaplastic cells and distinctive papillary
projections (Ulbright 2005; Fig. 4c).

Polyembryonas are extremely rare. These
tumors have features of both primitive and differ-
entiated germ cell tumor types, so are sometimes
considered to be extremely immature teratomas
(Ulbright 2005). Serum AFP and beta-hCG are
often elevated in the presence of these tumors.
Polyembryonas almost exclusively present as
components of mixed germ cell tumor. Micro-
scopically, these tumors have central “germ
discs” surrounded by two cavities, one resembling
the amniotic cavity and the other resembling the
yolk sac cavity (Ulbright 2005).

Ovarian mixed germ cell tumors contain
aspects of multiple types of germ cell tumors
without one predominant component.
Dysgerminoma is the most common component
of mixed germ cell tumors, but they can contain
elements of any histological subtype. The pres-
ence of higher risk malignant elements, such as
high-grade immature teratoma, increases the like-
lihood of aggressive behavior.

3.7 Nongestational
Choriocarcinoma

Nongestational choriocarcinoma in pure form is
very rare, accounting for less than 5% of malig-
nant germ cell tumors (Smith et al. 2006). These
are aggressive tumors which can be confused with

metastatic gestational choriocarcinoma. Gesta-
tional choriocarcinoma is associated with a prox-
imate pregnancy and can metastasize to the
ovaries. This distinction is important due to the
poorer prognosis of nongestational choriocarci-
noma (Corakci et al. 2005). The distinction
between these two entities is made based on
pathology findings; nongestational choriocarci-
noma will be found in the presence of other
germ cell components (Ulbright 2005).

These tumors are typically found in patients
less than 20 years. Information on prognosis is
limited due to the extremely rare nature of this
tumor; however, prognosis is typically poor due to
the frequency of distant metastasis at presentation
(Corakci et al. 2005). Beta-hCG is often markedly
elevated in these patients. The elevated beta-hCG
can result in prominent symptoms such as
isosexual precocious puberty or menstrual abnor-
malities in women who have undergone
menarche.

3.8 Teratoma

All teratomas consist of components from all three
germ cell layers: endoderm, mesoderm, and ecto-
derm. The malignant variation of teratoma is
termed immature, but the majority of these tumors
are classified as mature. Although rare, malig-
nancy can develop within a mature cystic tera-
toma. The term dermoid is often used
interchangeably with teratoma; however, there is
a histological distinction between the two entities.
Dermoids are composed of epidermal and dermal
elements, while teratomas contain mesodermal
and endodermal components. Teratomas can also
be classified as monodermal or specialized when
they consist predominantly of endodermal or
ectodermal elements.

3.9 Immature Teratoma

Immature teratomas account for 30% of deaths
from ovarian malignancy in women under age
20. They are now the most commonly detected
malignant germ cell tumor (Smith et al. 2006). In
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addition to endodermal, mesodermal, and ectoder-
mal components, they also contain embryonic
tissue, thus qualifying them as immature. These
tumors typically present in women in their teen-
age years and rarely occur in postmenopausal
women. Immature teratomas are typically unilat-
eral but often have spread via local peritoneal
seeding or via lymphatics at the time of diagnosis.
If bilateral, which occurs in about 10% of cases,
the contralateral tumor is generally a mature tera-
toma. The typical size at presentation is 14–25 cm
(Wisniewski and Deppisch 1973).

Despite immature teratomas having a propen-
sity to disseminate early, approximately three-
quarters of these tumors are detected at stage I.
The 5-year overall survival for stage I disease is
greater than 95%. Survival for later stage disease
is associated with poorer prognosis, but overall
survival is still relatively high, ranging from 73%
to 88% (Chan et al. 2008). Recurrence is not
uncommon, but recurrent disease typically
remains chemosensitive.

A phenomenon specific to immature teratoma
is that of growing teratoma syndrome, which
refers to postoperative growth of mature teratoma
elements implanted in the peritoneum. These
implants are typically benign and chemoresistant
and can continue enlarging so resection is
required to exclude recurrent malignancy. The
incidence is relatively low, approximately 12%
(Zagame et al. 2006). Prognosis is generally not
affected by the presence of growing teratoma
syndrome.

3.10 Mature Teratoma with
Malignant Transformation

Mature cystic teratomas are the most common
benign ovarian neoplasm and typically present in
women age 20–40. These masses typically mea-
sure approximately 7 cm at presentation
(Wisniewski and Deppisch 1973). Malignant
transformation occurs very rarely in mature cystic
teratomas, and it typically presents in postmeno-
pausal women. The incidence of malignant trans-
formation is approximately 1–2% (Smith
et al. 2006). The most commonly identified

malignancy is squamous cell carcinoma, which
accounts for about 80% of malignant transforma-
tions. There is no clear mechanism of malignant
transformation identified; however, it is notable
that the average age of presentation is approxi-
mately 50 years, while most mature cystic terato-
mas are diagnosed in women several decades
younger (Dos Santos et al. 2007). This finding
has led to the hypothesis that prolonged presence
of teratomas in situ increases the likelihood of
malignant transformation; therefore, even though
typically benign, it is important to surgically
remove these masses. Unfortunately, the progno-
sis for squamous cell carcinoma within mature
cystic teratoma is low as 48% overall; 5-year
survival for stage IV disease is reported as 0% in
one study (Chen et al. 2008). Other malignancies
that have been reported within mature cystic tera-
tomas include melanoma, basal cell carcinoma,
thyroid carcinoma, carcinoid, chondrosarcoma,
leiomyosarcoma, angiosarcoma, and intestinal
adenocarcinoma (Chen et al. 2003).

3.11 Malignant Struma Ovarii

Struma ovarii refers to a type of monodermal
teratoma that is composed of at least 50% thyroid
tissue. Struma ovarii accounts for approximately
3% of mature teratomas (Roth and Talerman
2007). These tumors are typically benign, but a
malignant component presents in less than 5% of
cases of struma ovarii. Carcinomas that can occur
within malignant struma ovarii include follicular
or papillary variants. Additionally, struma ovarii
can contain nonthyroid type neoplasms including
carcinoid, Brenner tumor, or mucinous
cystadenoma. These tumors typically present in
postmenopausal women.

3.12 Paraneoplastic Encephalitis

Although not a malignancy, N-methyl-D-aspartate
(NMDA) receptor antibody encephalitis is an
important phenomenon associated with
ovarian teratomas. NMDA receptor antibody
encephalitis is a paraneoplastic neurologic

Diagnosis and Management of Nonepithelial Ovarian Cancer 949



syndrome characterized by psychiatric symptoms,
seizures, amnesia, and semirepetitive dystonic
movement abnormalities. While a mass is not
always present, the syndrome is most classically
associated with teratomas in young women. Pos-
itive serum NMDA receptor antibody titers in the
presence of this constellation of symptoms is
diagnostic, and typically a higher antibody titer
correlates with more severe symptoms (Irani and
Vincent 2011). The pathogenesis of this condition
is not fully understood; however, it is thought that
impaired immunomodulation in the context of a
disrupted blood–brain barrier could be responsi-
ble for the paraneoplastic syndrome (Irani and
Vincent 2011). Treatment is centered on decreas-
ing antibody levels both via surgical resection and
pharmacologic agents including corticosteroids,
plasma exchange, and intravenous immunoglob-
ulins. Early resection and treatment are noted to
have the best outcomes; death or permanent neu-
rological sequelae can occur in the absence of
prompt recognition and treatment (Irani and
Vincent 2011).

3.13 Diagnosis of Teratoma

Most teratomas will be diagnosed either inciden-
tally or after palpation of an adnexal mass as there
are typically few systemic sequelae. Some
patients will present complaining of vague
abdominal or pelvic pain. Mature teratomas also
commonly present with symptoms of torsion
including intermittent visceral abdominal pain or
pressure and nausea or vomiting. Patients with
struma ovarii present with clinical hyperthyroid-
ism in approximately 5% of cases (Roth and
Talerman 2007). Additionally, struma ovarii pre-
sents with ascites in one-third of cases and with
Meigs syndrome in rare cases (Roth and Talerman
2007). Meigs syndrome is a clinical triad
consisting of ascites, pleural effusion, and
pelvic mass.

On imaging, teratomas appear as heterogenous
solid adnexal masses, often described as a cystic
mass with intratumoral fat. Classically, mature
teratomas are described as having a “dot-dash”
pattern on ultrasound. Small areas of cystic

calcifications or fatty elements can be appreciated
on ultrasound. In immature teratomas, these cal-
cified areas appear small, irregular, and scattered,
while calcifications appear more well-defined or
even tooth-like in mature teratomas (Shaaban
et al. 2014). Another common ultrasound finding
in mature teratomas is the Rokitansky nodule or
dermoid plug, which is a nodule containing hair,
teeth, and fat. If present, malignant transformation
can occur in the region of the Rokitansky nodule
and is seen as a heterogenous irregular solid mass
that might demonstrate invasion into surrounding
tissue (Shaaban et al. 2014). Cystic components
have attenuation and signal intensity similar to
that of simple fluid in immature teratomas but
will appear more as fatty sebaceous material in
mature teratomas on CT imaging (Shaaban
et al. 2014).

Although no tumor marker is characteristic for
teratomas, there are several that can be present
depending on the predominant cell types
contained within the teratoma. Serum markers
such as AFP, CA125, cancer antigen 19-9
(CA19-9) can be elevated in immature teratomas
(Li et al. 2002). If elevated, these markers can
assist in postoperative surveillance. Another use-
ful tumor marker evaluating for the presence of
malignant transformation of a mature teratoma is
serum squamous cell carcinoma antigen (SSCA).
SSCA has been shown to be elevated in greater
than 80% of patients that have foci of squamous
cell carcinoma (Chen et al. 2008). Elevated
CA125 can be found in the context of struma
ovarii. While most patients with struma ovarii
are chemically and clinically euthyroid, there can
be abnormalities in thyroid hormone levels.

While the above factors can help assist in diag-
nosis and surveillance, final pathology is required
for definitive diagnosis. Microscopically, compo-
nents of all three germ cell layers can be observed
in both immature and mature teratomas (Fig. 4d).
Immature teratomas typically appear as disor-
dered mixed tissue (Fig. 4e). Tumor grade or
aggressiveness is dependent on the amount of
immature neural tissue contained within the
tumor. Teratomas grossly contain hair, fatty or
sebaceous material, and calcifications or teeth;
immature teratomas tend to be larger in diameter
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than mature teratomas. Struma ovarii is formed of
mature thyroid tissue and grossly appears as
brown- or amber-colored colloidal material with
thick septations (Fig. 4f).

3.14 Management of Ovarian
Malignant Germ Cell Tumors

Historically, malignant germ cell tumors were
associated with an abysmal prognosis. However,
the development of modern chemotherapeutic
techniques has drastically improved outcomes
for these tumors. Initial surgical cytoreduction
remains the cornerstone of management for
malignant germ cell tumors. Surgery and resulting
pathology findings are both therapeutic and diag-
nostic. Neoadjuvant chemotherapy has little clin-
ical utility in OMGCT.

3.15 Preoperative Evaluation

Thorough preoperative assessment includes a
consideration of preoperative imaging to evaluate
for evidence of distant metastasis and thus aid in
surgical planning. Preoperative labs including
complete blood count, complete metabolic panel,
and type and screen can be drawn prior to any
potential major abdominal surgery. Tumor
markers including LDH, b-HCG, AFP, CA125,
CA19-9, and SSCA can be considered. Appropri-
ate tumor markers are to be selected based on
presentation and clinical suspicion for specific
subtypes of OMGCT. The age of incidence for
OMGCT is typically younger than that of other
malignancies, so medical comorbidities necessi-
tating preoperative anesthesia clearance are less
common in this demographic; however,
preanesthesia evaluation can be taken into
consideration.

It is important to discuss implications of sur-
gery and subsequent chemotherapy with patients
and their families prior to undertaking the proce-
dure. Since OMGCT often presents in women of
reproductive age, a discussion of future fertility
desires is recommended. Although management
of the present malignancy must take precedence

over future fertility desires, current literature indi-
cates that patients and their families appreciate
this discussion and may even be unaware prior
to the procedure that loss of fertility or changes in
future hormonal status could be a result of treat-
ment (Loren et al. 2013). Due to excellent out-
comes, fertility sparing surgery is now considered
standard of care for OMGCT (Gershenson 2012).
Oocyte cryopreservation is also a potential option
for patients wishing to preserve future fertility.
Adjuvant chemotherapy and risk of relapse in
the remaining ovary are concerns to potential
future fertility; as such, oocyte harvesting can
help to ensure better reproductive outcomes in
the future. There are multiple options available
for young women wishing to preserve their future
fertility in the context of malignancy, and, if avail-
able, referral to a specialist in oncofertility can be
offered.

There is a high rate of relapse after inadequate
staging and follow-up of OMGCT (Gershenson
2012). Therefore, for cases in which there is high
suspicion for one of these malignancies, a referral
to a gynecologic oncologist for staging and man-
agement is recommended.

3.16 Surgical Management

Surgical approach is dictated based on tumor and
patient characteristics. Whenever possible, surgi-
cal spill should be avoided in order to prevent
iatrogenic upstaging of disease. Many OMGCT
are large at the time of presentation and thus
preclude minimally invasive surgical options.
However, if possible, the reduced postoperative
morbidity of laparoscopic surgery compared to
laparotomy is favorable if adequate staging is
allowed through this approach. Surgeons consider
low threshold to convert from laparoscopy to lap-
arotomy when surgical spill is concerned for the
tumor grossly confined in the ovary. See Fig. 5 for
recommendations regarding surgical management
for OMGCT.

The exact extent of appropriate surgical stag-
ing for apparent early stage OMGCT remains
somewhat contentious. Procedures considered
fertility sparing include ovarian cystectomy,
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unilateral salpingo-oopherectomy with or without
coincident hysterectomy, or bilateral salpingo-
oopherectomy with uterine preservation
(Gershenson 2005). Pediatric literature recom-
mends conservative staging consisting of exami-
nation of peritoneal surfaces and collection of
washings, palpation of retroperitoneal lymph
nodes, and biopsy of abnormal appearing areas
following resection of the affected ovary and vis-
ible mass (Billmire et al. 2004). A longitudinal
review of oncologic and fertility outcomes for
pediatric patients that underwent fertility sparing
surgery and adjuvant chemotherapy found favor-
able outcomes regardless of histologic subtype
and FIGO stage (Park et al. 2015). Additionally,
fertility sparing surgery in the aforementioned
study was conservatively defined as preservation
of the unaffected ovary and uterus.

Bilateral tumors are present in less than 10% of
OMGCT; however, they present a challenge to
those wishing to preserve fertility. Although liter-
ature for the rare presentation of bilateral malig-
nancies is minimal, available studies indicate that
these tumors have a good prognosis and that fer-
tility preservation can be considered, especially in

the setting of bilateral dysgerminoma (Sigismondi
et al. 2015). In a small study examining outcomes
of bilateral OMGCTof various subtypes, a unilat-
eral salpingo-oophorectomy was performed along
with either a biopsy or cystectomy on the contra-
lateral ovary followed by treatment with chemo-
therapy. The small subset of four patients treated
with ovarian preservation demonstrated resultant
preservation of future fertility and similar survival
outcomes to those patients that were completely
staged (Sigismondi et al. 2015). This data is based
on very limited case numbers and risks and ben-
efits ought to be considered carefully before
deciding to leave an affected ovary in situ.

Traditional practice endorses that, similar to
those with epithelial ovarian cancers, patients
receiving complete cytoreduction improves sur-
vival outcome (Suita et al. 2002). However, as
supported by the data above, accumulating evi-
dence endorses a less aggressive staging proce-
dure even if fertility preservation is not a priority
of management. A careful inspection of all
intraabdominal and pelvic surfaces is necessary.
If tumor histology is identified on frozen pathol-
ogy, characteristic patterns of dissemination are to

Fig. 5 Principles of surgical management for malignant germ cell tumors of the ovary
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be taken into consideration. Dysgerminomas
demonstrate lymphatic spread more frequently
than other types of OMGCT, and this can be
taken into consideration when deciding whether
or not to perform staging with lymphadenectomy.
Yolk sac tumors and immature teratomas are more
likely to spread locally and have metastases pre-
sent on the peritoneum and omentum. In advanced
disease, the aim of surgery is maximally
cytoreducing all accessible tumors.

4 Postoperative Management

4.1 Adjuvant Chemotherapy

OMGCT are typically notably chemosensitive.
The responsiveness to chemotherapy allows sur-
gical treatment to be less aggressive and allows
for fertility sparing treatment as above. OMGCT,
especially dysgerminoma, are often radiosensi-
tive, and radiation was used in the past to treat
these tumors but is no longer standard of care.
Combination chemotherapy regimens including
vincristine, dactinomcycin, cyclophosphamide
(VAC) or cisplatin, vinblastine, bleomycin
(PVB) were introduced in the 1970s with marked

improvement in outcomes for patients diagnosed
with OMGCT. Currently, all histologic subtypes
of these tumors are treated with a combination of
bleomycin, etoposide, and cisplatin (BEP), as this
regimen was found to be more active and had an
acceptable toxicity in patients (Gershenson
et al. 1990). BEP is now first line for adjuvant
therapy. Figure 6 outlines basic principles of post-
operative management of OMGCT.

Current standard of care includes postoperative
chemotherapy for all patients except those with well
staged stage IA, grade 1 pure immature teratoma or
stage I pure dysgerminoma. BEP is typically
administered every 3 weeks. Randomized control
trials have demonstrated that three cycles is ade-
quate to prevent recurrence in nearly all patients
who have undergone staging with complete
cytoreduction (Williams et al. 1994). NCCN guide-
lines recommend three cycles for patients consid-
ered low risk for recurrence and four cycles for
higher risk disease (Morgan 2015). Pulmonary
function tests are recommended prior to starting
bleomycin. Alternatively, the NCCN specifies that
three courses of carboplatinum and etoposide can
be used to reduce toxicity if the diagnosis is stage
IB-III dysgerminoma (Morgan 2015). This regimen
is administered every 4 weeks for 3 cycles.

Fig. 6 Adjuvant therapy
for malignant ovarian germ
cell tumors
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Many patients and families will express con-
cern about the effects of chemotherapy on future
fertility. Unlike radiation treatment, the majority
of patients receiving the standard BEP regimen
resume normal menses and have successful future
fertility outcomes (Weinberg et al. 2011). As
above, oocyte cryopreservation will allow for
improved fertility outcomes for the minority
patients that experience premature ovarian failure
following BEP.

4.2 Surveillance

Risk of recurrence is highest in the first few years
following surgical resection. According to the
NCCN guidelines, surveillance consists of office
visits every 2–4 months for 2 years following
completion of treatment (Morgan 2015). These
visits include a pelvic exam and serum tumor
markers if initially elevated. Imaging can be
performed in the context of a suspected recur-
rence. There is no role for routine serum tumor
markers or imaging without suspicion for recur-
rence. After 2 years, annual exams can be
performed (Salani et al. 2011).

4.3 Recurrence

Rates of recurrence vary depending on histologi-
cal subtype, disease stage, and extent of the initial
cytoreduction. As above, there remains contro-
versy about the extent of surgical staging that is
recommended with the initial tumor reduction
surgery. Fortunately, even in the event of recurrent
disease, the overwhelmingmajority of patients are
salvageable.

The NCCN guidelines recommend referral to
a tertiary center for management of recurrent
disease (Morgan 2015). There are multiple
options for recurrent disease, but there are no
definitive guidelines. The NCCN recommends
either high-dose chemotherapy, the specifics of
which can differ among institutions, or another
choice of combination regimens, most of which
include a platinum agent (Morgan 2015). Plati-
num agents are not recommended if the tumor is

platinum resistant or recurrent within 6 months
of completing initial treatment. There is negligi-
ble role for secondary cytoreduction if disease
recurs unless it demonstrates growth or persis-
tence following chemotherapy, thus demonstrat-
ing chemoresistance (Williams et al. 1994).
Radiotherapy is another option for recurrent dis-
ease. KIT targeting in dysgerminoma has not
been well studied and future studies are
expected. Alternatively, for patients with
advanced disease or otherwise poor prognosis,
supportive care alone is an option.

4.4 Ovarian Malignant Germ Cell
Tumor in Pregnancy

Although a rare event, the propensity for OMGCT
to present in young reproductive aged women
results in them accounting for 18–26% of all
ovarian cancers recognized in pregnancy.
Dysgerminoma is the most frequently encoun-
tered OMGCT in pregnancy. OMGCT diagnosed
in pregnancy are usually unilateral and stage I,
mirroring the typical presentation in nongravid
women (Kodama et al. 2014). These tumors can
sometimes be recognized in the context of a per-
sistent adnexal mass due to markedly elevated
tumor markers; however, this can sometimes be
obscured by the expected presence of markers
such as AFP during pregnancy.

Review of the literature indicates that,
although rates of preterm birth are higher than
those in the general population, the majority of
these cases result in delivery of viable infants.
Pregnancy preservation is in general a reason-
able option. However, due to the tendency of
OMGCT to disseminate rapidly, intervention
should not be delayed until delivery. Surgical
staging can be performed if suspicion for an
ovarian malignancy is raised even during preg-
nancy. Although there are no randomized con-
trol trials to provide guidance, observational
studies indicate that BEP is safe in pregnancy
(Karimi Zarchi et al. 2008). Furthermore,
advanced stage disease diagnosed during
pregnancy has been identified as an independent
predictor of decreased survival (Kodama
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et al. 2014). Therefore, although identification
of a suspected OMGCT does not necessitate
pregnancy termination, early intervention con-
sistent with the standard of care is recommended
if the patient desires continuation of the
pregnancy.

5 Conclusion

Nonepithelial cell ovarian cancers are rare enti-
ties. Sex cord-stromal tumors and malignant
germ cell tumors are the most common
nonepithelial ovarian cancers. Although not
encountered often, it is important to consider
these tumors in differential diagnoses of adnexal
masses. These tumors often, but not always,
present with the sequelae of overproduction of
either androgens or estrogens. It is important to
diagnose these masses early, as overall progno-
sis is typically very good for early stage disease
in all histological subtypes. Both sex cord-
stromal tumors and malignant germ cell tumors
of the ovary are treated with initial surgical
resection. Fertility sparing surgery can be con-
sidered for both sex cord-stromal and malignant
germ cell tumors of the ovary. Depending on the
pathological diagnosis and disease stage, post-
operative management consists of either expec-
tant management or adjuvant chemotherapy. It is
recommended that all patients with
nonepithelial ovarian cancer be monitored for
evidence of disease recurrence on a standardized
schedule.
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