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Abstract

Non-epithelial ovarian tumors have posed pathologic diagnosis and management
challenges. The World Health Organization classification of Tumors of Female
Reproductive Organs was revised in 2014, and the new version addresses several
new concepts and the histological classification of non-epithelial ovarian tumors
and tumor-like lesions that were not previously included. In the new WHO clas-
sification, sex cord-stromal tumors is divided into three categories, pure stromal
tumor, pure sex cord tumor, and mixed sex-cord tumor.

This chapter reviews recent developments regarding the pathology, differ-
ential diagnosis, immunohistochemical markers, and genetics of poorly under-
stood non-epithelial ovarian tumors, including sex cord-stromal tumors,
immature teratoma, small cell carcinoma of the ovary, hypercalcemic type, and
newly described non-epithelial tumors. Many of these neoplasms and those in
the differential diagnosis occur predominantly in young women, and they can
be aggressive and require specific chemotherapy. Some of non-epithelial neo-
plasms show histologically biphasic or epithelioid features, mimicking epithe-
lial tumors. The recent discovery of somatic mutations in FOXL2 in adult
granulosa cell tumors and germline and somatic mutations in DICER1 in
Sertoli-Leydig cell tumors and SMARCA4 in small cell carcinoma, hypercal-
cemic type, contributes immunohistochemical analyses and molecular research
of these tumors. A few non-epithelial tumors are not specific to the ovary and
may arise more frequently at extraovarian sites. A correct diagnosis is impera-
tive for appropriate therapies.
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6.1 Introduction

The new World Health Organization (WHO) classification of Tumors of Female
Reproductive Organs addresses several new concepts and histological classifica-
tions that were not previously included [1]. Non-epithelial ovarian tumors have
posed pathologic diagnosis and management challenges because general diagnostic
pathologists and even gynecologic pathologists rarely encounter these lesions and it
is very difficult to make a correct diagnosis. Furthermore gynecologists have no or
little experience of treatments of rare ovarian tumors.

This chapter reviews recent developments regarding the pathology, differential
diagnosis, and genetics of poorly understood non-epithelial ovarian tumors,
including pure and mixed sex cord-stromal tumors (Table 6.1), immature tera-
toma, small cell carcinoma of the ovary, hypercalcemic type, and newly described
non-epithelial tumors. Many of these neoplasms and those in the differential diag-
nosis occur predominantly in young women, and some of them can be aggressive
and require specific chemotherapy. Some non-epithelial neoplasm show histologi-
cally biphasic or epithelioid features, mimicking epithelial tumors. Thus, a cor-
rect diagnosis is imperative for ensuring that appropriate treatment is administered.
Due to the rarity of these tumors and the lack of knowledge about them, a special
review and confirmation of the diagnosis by an expert gynecological pathologist
is recommended [2]. A few of these lesions are not specific to the ovary and may
occur more frequently at extraovarian sites, but the mere knowledge that they
occasionally occur in or involve the ovary will facilitate their recognition by
pathologists [2]. In addition, the recent discovery of mutations will aid molecular
diagnosis and the development of relatively specific immunohistochemical
markers.

6.2 Sex Cord-Stromal Tumors: Pure Stromal Tumors
6.2.1 Fibroma, Cellular Fibroma, and Fibrosarcoma

6.2.1.1 Clinical Features

Fibroma is a benign tumor composed of fibroblasts and collagen fibers. The mean
age of patients with ovarian fibroma is about 50 years. Cellular fibroma can recur,
and so clinical follow-up is necessary. Fibrosarcoma is a malignant mesenchymal
tumor with a poor prognosis [3]. The standard treatment involves complete resec-
tion followed by chemotherapy.
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Table 6.1 WHO classifica- Sex cord-stromal tumors
tion of ovarian sex cord-

P fi It
stromal tumors (2014) [1] Ure stromat tumors

Fibroma
Cellular fibroma
Thecoma
Luteinized thecoma associated with sclerosing
peritonitis
Fibrosarcoma
Sclerosing stromal tumor
Signet-ring stromal tumor
Microcystic stromal tumor
Leydig cell tumor
Steroid cell tumor
Steroid cell tumor, malignant
Pure sex cord tumors
Adult granulosa cell tumor
Juvenile granuloma cell tumor
Sertoli cell tumor
Sex cord tumor with annular tubules
Mixed sex cord-stromal tumors
Sertoli-Leydig cell tumors
Well differentiated
Moderately differentiated
With heterologous elements
Poorly differentiated
With heterologous elements
Retiform
With heterologous elements
Sex cord-stromal tumors, not otherwise specified

6.2.1.2 Pathological Features

Fibroma is firm with a smooth, lobulated surface and average size is 6 cm. Cellular
fibroma is mainly composed of solid components with white cut surface.
Fibrosarcomas are large and soft and typically exhibit necrosis and hemorrhaging.
Microscopically, fibromas are composed of fusiform and uniform cells arranged in
a fascicular or whorled pattern. The stroma is fibrous with focal hyalinization or
calcifications; however, approximately 10% of fibromas are hypercellular (little col-
lagenous stroma is seen). Cellular fibroma is defined as fibroma group tumor with
high cellularity, mild to moderate nuclear atypia, and 3 or few mitotic figures in
10/10HPF(high power fields). Cellular fibromas may have mitotic activity of >
4/10HPF (mitotically active cellular fibroma) [4] (Fig 6.1). Many ovarian tumors
that have been reported as fibrosarcomas would now be considered to be mitotically
active cellular fibromas. Fibrosarcomas are characterized by cellular spindle cell
fibromatous lesions with moderate to marked nuclear atypia, 4 or more mitotic fig-
ures per 10/HPF, and atypical mitotic figures and necrosis [3] (Fig. 6.2).
Fibrosarcomas are usually large and have often spread beyond the ovary at
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Fig.6.1 Mitotically active cellular fibroma. Proliferating bland spindle-shaped cells and scattered

mitotic figures are shown

Fig. 6.2 Fibrosarcoma. The fascicular proliferation of atypical spindle cells and bizarre giant
cells is shown
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diagnosis. Their differential diagnoses include leiomyosarcoma, high-grade endo-
metrial stromal sarcoma, gastrointestinal stromal sarcoma, and various types of pri-
mary or metastatic soft tissue sarcoma.

6.2.2 Thecoma

6.2.2.1 Clinical Features

Thecomas are gonadal stromal tumors that are predominantly composed of theca
cell-like cells. In daily practice, thecomas are uncommon, whereas fibromas are
relatively common. Thecomas usually occur in premenopausal or postmenopausal
women, but can arise in children in rare cases. Luteinized thecomas occur at a
younger age, usually in patients in their 20s or 30s. Premenopausal women display
either endocrine-associated symptoms, such as irregular bleeding or amenorrhea, or
nonspecific complaints, such as pelvic pain or abdominal distention. Luteinized the-
comas can be estrogenic (50%), androgenic (11%), or nonfunctional (39%) [5].
Some patients with luteinized thecomas are virilized, whereas others show hyperes-
trogenic symptoms. Thecomas are benign, and excision is an appropriate treatment.
The diagnosis of luteinized thecoma is restricted to luteinized thecomas associated
with sclerosing peritonitis, a distinctive stromal tumor that is typically associated
with sclerosing peritonitis [1].

6.2.2.2 Pathological Features

Macroscopically, thecomas are firm or hard tumors with a mean diameter of 7 cm.
The cut surfaces of thecomas are solid and yellow or white. Cysts and calcifications
may be present.

Histologically, thecomas are composed of fascicles or sheets of plump spindle-shaped
or ovoid stromal cells that resemble the cells of the theca interna. Tumor cells have round
or fusiform nuclei and amphophilic or lightly eosinophilic or clear cytoplasm (Fig. 6.3).
Mitotic figures are rare. A variable number of fibroblasts are intermixed among the theca-
like cells. From a practical point of view, the diagnosis of thecoma is restricted to tumors
that show evidence of steroid hormone secretion, have a conspicuous tumor composed of
cells with clear or vacuolated cytoplasm, or contain luteinized cells (Fig. 6.4).
Immunohistochemically, most thecomas express inhibin and calretinin.

6.2.3 Sclerosing Stromal Tumor

Sclerosing stromal tumors are uncommon benign stromal tumors that mainly occur
in teenagers and young women [6]. They should be treated by excision or unilateral
salpingo-oophorectomy. Macroscopically, these tumors are firm and white to
yellowish-white. Histologically, they are characterized by the lobular proliferation
of tumor cells with staghorn or hemangiopericytomatous vascular spaces. Tumor
cells include polygonal theca-like cells with vacuolated eosinophilic cytoplasm and
fibroblast-like cells (Fig. 6.5). Immunohistochemically, their cells are positive for
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Fig.6.3 Thecoma. Solid nests of cells with uniform round nuclei and lightly eosinophilic or clear
cytoplasm are shown

Fig. 6.4 Luteinized thecoma. Sheets of luteinized cells with abundant eosinophilic cytoplasm are
shown
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Fig. 6.5 Sclerosing stromal tumor. The tumor is composed of polygonal theca-like cells with
vacuolated eosinophilic cytoplasm, fibroblast-like cells, and staghorn vascular spaces

vimentin, inhibin, calretinin, signal transducer activator of transcription 6 (STAT6),
and the estrogen and progesterone receptors.

6.2.4 Microcytic Stromal Tumor

6.2.4.1 Clinical Features

This tumor has recently been described by Irving and Young [1] as a previously
uncharacterized ovarian neoplasm that exhibits prominent microcystic changes and
is most likely of stromal origin. The reported cases involved patients who ranged in
age from 26 to 63 (mean, 45) years, and most patients presented with a pelvic mass.
Hormonal manifestations are rarely seen. Microcytic stromal tumors are unilateral
and do not undergo extraovarian spread.

6.2.4.2 Pathological Features

Microcystic stromal tumors are solid-cystic, solid, or predominantly cystic and
display a mean diameter of 8.7 cm. Their solid components are firm and tan or
white-tan. Microscopically, these ovarian tumors contain microcysts with
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variable amounts of solid cellular tissue and fibrous stroma. In addition, they
exhibit lobular demarcation as well as sharp separation from the ovarian stroma.
The microcysts are characterized by small round to oval cystic spaces.
Intracytoplasmic lumens or vacuoles are also present (Fig. 6.6). The tumor cells
contain moderate abundant finely granular, eosinophilic cytoplasm and bland,
round to oval or spindle-shaped nuclei with fine chromatin and indistinct nucleoli
[7]. Mitotic figures are very rare. This type of tumor is characterized by an
absence of morphological features that would result in any other specific diagno-
sis in the sex cord-stroma category, an absence of epithelial elements, and an
absence of teratomatous or other germ cell elements [7]. Immunohistochemically,
the tumors are strongly positive for CD10 and vimentin, but do not express S-100
protein, calretinin, inhibin, epithelial membrane antigen (EMA), cytokeratin
(CK), melan A, and estrogen receptors, desmin, chromogranin A, synaptophysin,
WTI1, or CD34 [1].

Fig. 6.6 Microcystic stromal tumor. The microcysts are characterized by small round to oval
cystic spaces. Intracytoplasmic lumens or vacuoles are also present
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6.3 Pure Sex Cord Tumors
6.3.1 Adult Granulosa Cell Tumor (AGCT)

6.3.1.1 Clinical Features
Granulosa cell tumor is the most common type of malignant sex cord-stromal tumor.
There are two types of granulosa cell tumor, the adult type, which mainly occurs in
premenopausal and postmenopausal women (mean age, 45-55 years), and juvenile
granulosa cell tumors (JGCT), which mainly occur in children (mean age, 15 years)
[1]. It is important that the distinction between AGCT and JGCT is made on the basis
of the histology and not the patient age. The typical clinical presentation of AGCT is
postmenopausal bleeding in older women and menorrhagia or amenorrhea in younger
patients. Granulosa cell tumors typically secrete estrogen, and patients with these
tumors exhibit endometrial hyperplasia (30-40%) or adenocarcinoma (5-10%) [8].
Granulosa cell tumors are typically unilateral and confined to the ovary at diagnosis.
The overall recurrence rate ranges from 10 to 30%. Metastases or recurrence is
often detected more than 5 years after the initial treatment, particularly in the peri-
toneum and omentum. There is no correlation between the microscopic features of
tumors, including mitotic activity, and outcomes.

6.3.1.2 Pathological Features

Macroscopically, most AGCT are solid and cystic. The solid areas are soft to firm
and yellow/brown to tan. Some tumors are predominantly cystic. The average size
is about 10 cm. A variety of growth patterns are observed in AGCT, including
admixtures of different patterns. The cells of such tumors often grow in microfol-
licular or diffuse patterns. Granulosa cell tumors consist of nests and sheets of gran-
ulosa cell-like cells punctuated by small spaces, which resemble Call-Exner bodies
(Fig. 6.7). Occasionally, larger follicles are sometimes observed (the macrofollicu-
lar pattern). The cells of granulosa cell tumors are often arranged in cords, trabecu-
lae, and ribbons (Fig. 6.8). In addition, they have scant pale cytoplasm and uniform,
pale, round oval nuclei. Coffee bean-like nuclear grooves were considered to be a
characteristic of granulosa cell tumors, but they are not seen every case, and they
also occur in many other neoplasms, including Sertoli cell tumors and Sertoli-
Leydig cell tumors. Brisk mitotic figures are seen in some lesions. Some AGCT
have a JGCT component, and such tumors should be classified based on their pre-
dominant histology.

Immunohistochemically, granulosa cell tumors are usually positive for inhibin,
calretinin, FOXL2 (forkhead box L2), WT1, and CD56, whereas they are negative
for CK7 and EMA. A missense somatic point mutation that is characteristic of
AGCT has recently been identified in the FOXL2 gene [9]. This mutation is seen in
approximately 95% of AGCT.
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Fig. 6.7 Adult granulosa cell tumor. The tumor cells are uniform and have grooved nuclei. Note
the numerous Call-Exner bodies

Fig. 6.8 Adult granulosa cell tumor. The tumor cells grow in cords, trabeculae, and ribbons
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6.3.2 Juvenile Granulosa Cell Tumor (JGCT)

6.3.2.1 Clinical Features

Fewer than 5% of granulosa cell tumors occur in children or teenagers. Almost all
JGCT are unilateral, and more than 95% of them are confined to the ovary (stage I).
The symptoms of JGCT are often caused by the estrogen they secrete. Young girls
frequently display isosexual pseudoprecocity, whereas older children and pre-
menopausal women develop menstrual abnormalities or amenorrhea. Associations
have been detected between JGCT and Ollier (enchondromatosis) disease and
Maffucci (enchondromatosis and multiple hemangiomas) syndrome [10]. The
prognosis of patients with JGCT is better than that of patients with AGCT. JGCT
are less likely to recur or metastasize. The long-term survival of patients with
JGCT is good, but patients whose tumors rupture or who exhibit positive perito-
neal cytology or extraovarian tumor spread are at significant risk of recurrence.
Inhibin and Miillerian inhibitory substance are useful tumor markers for follow-
ing up patients with JGCT.

6.3.2.2 Pathological Features

The average size is about 12 cm, and most of them exhibit a mixed solid-cystic
appearance, but some are completely solid or cystic. Their solid areas are yellow or
tan. Hemorrhaging is sometimes seen, but necrosis is uncommon.

Microscopically, JGCT show a multinodular growth pattern, and macrofollicu-
lar, solid, and cystic growth patterns are characteristic of JGCT. Follicles often
vary in size and shape and contain mucinous material (Fig. 6.9), macrofollicles
are lined by one or more layers of granulosa cells and are surrounded by a rim of
theca cells. Solid areas are composed of sheets of granular cells made up of an
admixture of theca cells or fibroblasts. The microfollicular, insular patterns and
trabeculae seen in AGCT are rarely observed in JGCT. Tumor cells have large and
round nuclei and amphophilic or pink cytoplasm. In addition, they lack coffee
bean-like nuclear grooves and may contain conspicuous nucleoli. Some tumor
cells have enlarged pleomorphic nuclei, and multinucleated cells can also be
observed (Fig. 6.10). Mitotic figures tend to be numerus with an average around
6/10HPF.

The immunohistochemical features of JGCT are similar to those of AGCT. A
small minority of JGCT express FOXL2, and the FOXL2 mutation that occurs in
AGCT is generally absent in JGCT [10], indicating that these two tumors, both of
which are composed of granulosa cells, probably have different pathogenic mecha-
nisms. Immunohistochemistry is of considerable value for differentiating JCGT
from small cell carcinoma, hypercalcemic type (SCCHT); SCCHT does not exhibit
nuclear immunoreactivity for SMARCA4 (INI1) and is focally positive for EMA,
while JGCT is positive for sex cord markers, negative for EMA, and exhibits posi-
tive nuclear staining for SMARCAA4.
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Fig.6.9 Juvenile granulosa cell tumor. The tumor shows macrofollicular, solid, and cystic growth
patterns. The follicles vary in size and shape

Fig. 6.10 Juvenile granulosa cell tumor. Enlarged pleomorphic nuclei and multinucleated cells
are observed in solid areas
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6.3.3 Sex Cord Tumor with Annular Tubules (SCTAT)

6.3.3.1 Clinical Features

About a third of patients with SCTAT have Peutz-Jeghers syndrome (PJS) [11,
12]. In these patients, the lesions are found incidentally, are often bilateral, and
grossly appear to be yellow nodules of up to 3 cm in diameter. In patients with-
out PJS (sporadic), SCTAT tumors are always unilateral, moderately large, and
present as palpable masses. In patients with PJS, SCTAT presents at a mean age
of 27 years, whereas it tends to appear around 34 years in patients without
PJS. Subsets of both sporadic and PJS-associated SCTAT might be associated
with hyperestrinism and menstrual irregularities. SCTAT is primarily treated
with surgery, and PJS-associated tumors are entirely benign (albeit multifocal).
About one-fifth of sporadic cases is clinically malignant and spread via the lym-
phatics. Recurrent lesions often occur late. Patients with PJS carry a 5-15% risk
of developing sex cord-stromal tumors (SCTAT). PJS is characterized by a
germline mutation of the STK 11 (serine threonine kinase 11) gene on chromo-
some 19p. Patients with PJS are at very high risk of gastrointestinal and non-
gastrointestinal cancer (carcinoma of the gastrointestinal tract, pancreas, and
breast) [13] and adenoma malignum (gastric-type mucinous adenocarcinoma)
(10% risk) of the uterine cervix.

6.3.3.2 Pathological Features
SCTAT is a distinctive type of ovarian neoplasm with morphological features that
are intermediate between those of granulosa cell tumors and Sertoli cell tumors.
While differentiation into either of the two latter tumors can occur in some cases,
Scully reported that the distinctive architecture of SCTAT, which involves simple
and complex ring-shaped tubules, warrants a separate designation [11].
PJS-associated and sporadic SCATAT histologically consist of well-
circumscribed round nests of cells and a mixture of simple and complex ring-
shaped tubules, which contain hyalinized basement membrane-like material
(Fig. 6.11). The nests or tubules are composed of uniform cells with peripher-
ally located nuclei and a moderate amount of cytoplasm. Multiple tumorlets
form single tubules or clusters of tubules, and calcifications are scattered within
the ovarian stroma. Large tumors in non-PJS patients can exhibit extensive hya-
linization of the tubules and stroma. Ultrastructural examinations demonstrate
bundles of Charcot-Bottcher filaments in some cases of SCTAT, leading some
authorities to consider this neoplasm as a subtype of Sertoli or granulosa cell
tumor [14]. However, the distinctive features of SCTAT and its frequent associa-
tion with PJS warrant its classification as a specific form of sex cord-stromal
tumor. Immunohistochemically, SCTAT shows positive staining for inhibin, cal-
retinin, vimentin, and CK, but is negative for EMA.
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Fig.6.11 Sex cord tumor with annular tubules. The nests and tubules are composed of uniform
cells. Note the complex annular tubules surrounded by fibrous stroma

6.4 Mixed Sex Cord-Stromal Tumors
6.4.1 Sertoli-Leydig Cell Tumor (SLCT)

The WHO classification divides SLCT into retiform and well, moderately, and
poorly differentiated variants. The moderately differentiated, poorly differentiated,
and retiform variants sometimes contain heterologous elements.

6.4.1.1 Clinical Features

SLCT mainly arise in relatively young patients (mean age, 25 years). The retiform
variant usually occurs in particularly young patients (mean age, 15 years). The
symptoms of SLCT are related to the presence of an ovarian mass and virilization.
Approximately 50% of SLCT secrete steroid hormones, which can also cause
symptoms, and 40% of patients are virilized [15]. The serum testosterone and urine
17-ketosteroid levels of SLCT patients are increased. Most tumors are unilateral
and confined to the ovary at presentation. Well-differentiated SLCT is clinically
benign and does not recur after complete excision. The prognosis of patients with
intermediate and poorly differentiated SLCT is generally favorable, but patients
with poorly differentiated SLCT can exhibit an aggressive clinical course.
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6.4.1.2 Pathological Features

Macroscopically, SLCT are usually solid and partly cystic, and the solid areas of
SLCT are firm or soft and yellow or tan. Well-differentiated SLCT exhibit a mean
size of 5 cm, whereas the intermediate and poorly differentiated types both display
a mean size of 15 cm. Poorly differentiated tumors tend to be larger than those dem-
onstrating intermediate differentiation [15].

Well-differentiated SLCT is histologically characterized by hollow or closed
tubules lined by columnar Sertoli cells and surrounded by a fibrous stroma.
Aggregates of luteinized Leydig cells are often observed (Fig. 6.12). Reinke crystal-
loids are rarely found in Leydig cells. Cellular atypia and mitotic figures are rare in
well-differentiated SLCT.

Intermediate and poorly differentiated SLCT are composed of mature and imma-
ture Sertoli cells. Various proliferative patterns are seen in such tumors, including
well-formed tubules, ill-defined tubules, trabeculae, and cord-like arrangements
(Fig. 6.13). The tubules have a retiform appearance in 10-25% of intermediate and
poorly differentiated tumors. The retiform tubules are branched and lined by low
columnar to cuboidal cells. Bizarre cells can also be seen, but this does not appear
to be an adverse prognostic finding. Cases of SLCT involving a predominant reti-
form growth pattern should be diagnosed as retiform variant (Fig. 6.14). In poorly

Fig.6.12 Well-differentiated Sertoli-Leydig cell tumor. Hollow tubules lined by columnar Sertoli
cells surrounded by fibrous stroma and aggregates of luteinized Leydig cells are shown
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Fig. 6.13 Moderately differentiated Sertoli-Leydig cell tumor. Note the trabeculae and cord-like
arrangements of Sertoli cells together with aggregates of luteinized Leydig cells

Fig.6.14 Moderately differentiated Sertoli-Leydig cell tumor, retiform variant. Note the long and
branching retiform tubules
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Fig.6.15 Poorly differentiated Sertoli-Leydig cell tumor. The predominant component is derived
from the sarcomatous proliferation of immature spindle-shaped cells, and brisk mitotic figures are
also seen

differentiated tumors, the sarcomatous proliferation of immature stromal cells is
predominant (Fig. 6.15). Brisk mitotic figures are also seen.

Heterologous elements are seen in 20-25% of intermediate and poorly differen-
tiated SLCT. Intestinal-type mucinous epithelial tissue is the most common heter-
ologous element (Fig. 6.16). Mucinous components can be composed of mucinous
cystadenoma, a mucinous borderline tumor, or mucinous adenocarcinoma.
Carcinoid cells, cartilage, neuroblasts, and rhabdomyoblasts have also been
observed in such heterologous elements [16].

Immunohistochemically, most mature and immature Sertoli cells are positive for
CK, but negative for EMA. Most cases of SLCT show positive membrane staining
for CD99 and nuclear staining for WT1. The stromal cells of such tumors are posi-
tive for vimentin. Sertoli cells and Leydig cells are positive for inhibin (Fig. 6.17)
and calretinin. Sertoli-form endometrioid adenocarcinoma of the ovary mimics
SLCT, butis positive for EMA and negative for inhibin and calretinin. Histologically,
Sertoli-form endometrioid adenocarcinoma displays greater cellular atypia, more
irregular tubular arrangements, and necrosis.
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Fig.6.16 Moderately differentiated Sertoli-Leydig cell tumor with heterologous elements. Note
the intestinal-type mucinous epithelial tissue, which is the most common type of heterologous ele-
ment seen in such tumors

Fig.6.17 Poorly differentiated Sertoli-Leydig cell tumor. The tumor cells are immunohistochem-
ically positive for inhibin
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6.5 Immature Teratoma
6.5.1 Clinical Features

Immature teratoma is one of most common malignant germ cell tumor of the ovary.
This tumor occurs predominantly in children and young adult. The clinical presen-
tation is nonspecific, such as abdominal discomfort, pelvic pain, abdominal swell-
ing, or a palpable abdominal mass. They are unilateral and spread mainly to the
pelvic and peritoneum by implantation.

6.5.2 Pathologic Features

Macroscopically immature teratoma is a predominantly solid tumor. The cut surface
is gray or brown and soft. It may contain cysts, hemorrhage, and necrosis.
Histologically, a mixed mature and mature element is found in most tumors.
Recognition of immature neuroectodermal element is most important to make a
diagnosis of immature teratoma. These include sheets of mitotically active imma-
ture neuroepithelial cells, tubules lined by columnar embryonal cells with stratified
hyperchromatic nuclei, nests of neuroblasts, Homer-Wright rosettes, mitotically
active glia, and primitive retina with melanin pigments (Figs. 6.18 and 6.19).
Immature cartilage, adipose, bone, and skeletal muscle are often present.

Fig. 6.18 Immature teratoma. Immature neuroectodermal tubules are prominent
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Fig. 6.19 Immature teratoma. Note neural crest-like structures and sheets of immature neural
cells

Immature teratoma should be histologically graded [1]:

Grade 1: Tumors with rare foci of immature neuroepithelial tissue that occupy < low
power fields (40x) in any slide (low grade).

Grade 2: Tumors with similar elements, occupying 1-3 power fields (40x) in any
slide (high grade).

Grade 3: Tumors with large amount of immature neuroepithelial tissue occupying >
3 low power field (40x) in any slide (high grade).

Grade 1 cases are not treated and grade 2 and 3 are treated with same chemo-
therapy. Stage and grade of the primary tumor and metastases remain important
predictive factor. In approximately one-third of cases, gliomatosis peritonei is
observed [20]. This lesion has been considered a possible metastasis from tera-
toma; however, it may represent an independent lesion, probably peritoneal meta-
plasia [17]. The presence of gliomatosis peritonei does not indicate adverse
clinical effect.
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6.6  Small Cell Carcinoma of Ovary, Hypercalcemic Type
6.6.1 Clinical Features

Small cell carcinoma of the ovary, hypercalcemic type (SCCHT), is a rare neoplasm
that occurs in young females. Its histogenesis is unclear, and it is categorized as a
miscellaneous tumor in the revised WHO classification [1].

The reported patients with SCCHT ranged in age from 14 months to 43 (mean,
24) years [18-23]. Most patients present with signs and symptoms related to an
abdominal or pelvic mass, but in rare cases, patients will present with clinical symp-
toms related to hypercalcemia. Approximately 66% of patients present with hyper-
calcemia [19]. Some studies have serologically documented the presence of
parathyroid hormone-related protein. This type of ovarian carcinoma has a dismal
prognosis. About 50% of such tumors have spread beyond the ovary at the time of
laparotomy. The overall survival rate of SCCHT is approximately 16%.

6.6.2 Pathological Features

SCCHT typically appear as yellowish-white, soft solid tumors with marked hemor-
rhaging and necrosis. SCCHT exhibit a mean diameter of 15 cm. Most SCCHT are
unilateral (Fig. 6.20).

Fig. 6.20 Gliomatosis peritonei. Mature astrocytes form multiple nodes in the peritoneum
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SCCHT are histologically composed of small to medium-sized round cells
arranged in a solid sheet or follicular pattern (Figs. 6.21 and 6.22). Follicles that
vary from small to large in size are considered to be an important feature of SCCHT,
and such follicles are seen in about 80% of these tumors. The follicles contain peri-
odic acid-Schiff-positive proteinaceous material. SCCHT usually display moderate
atypia and numerous mitotic figures (typical frequency, >20/10 HPF) (Fig. 6.22).
Furthermore, tumor necrosis and hemorrhaging are often prominent, whereas the
stroma is fibrous but inconspicuous. In addition, a “large cell-type” variant of
SCCHT, which is sometimes called “rhabdoid tumor of the ovary,” is also known to
exist [23] (Fig. 6.23).

Immunohistochemically, SCCHT are focally positive for EMA and low molecu-
lar weight CK. Nuclear staining for p53 is often observed, and diffuse strong nuclear
staining for WTT1 is seen in most cases. A minority of tumors show focal staining for
neuroendocrine markers, such as CD56, chromogranin A, or synaptophysin.
Staining for CD99, desmin, inhibin, calretinin, and thyroid transcription factor-1
(TTF-1) is negative.

Recently, inactivating mutations in SMARCA4, a member of the switch/sucrose
non-fermenting chromatin remodeling complex, have been identified as driving
events in most cases of SCCHT [24], and SCCHT exhibits complete immunohisto-
chemical loss of SMARCA4 (INI1) (Fig. 6.24) [25]. Thus, SMARCA4 immunohis-
tochemistry is a highly valuable tool for identifying SCCHT.

Fig.6.21 Small cell carcinoma, hypercalcemic type. The tumor is composed of small- to medium-
sized round cells arranged in solid sheets and follicular patterns
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Fig.6.22 Small cell carcinoma, hypercalcemic type. The tumor cells have hyperchromatic round
or oval nuclei, a moderate amount of cytoplasm, and numerous mitotic figures

Fig.6.23 Small cell carcinoma, hypercalcemic type, large cell variant. Note the large cells (rhab-
doid cells) have eccentric nuclei and dense eosinophilic globular cytoplasm
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Fig. 6.24 Small cell carcinoma, hypercalcemic type. Note the complete immunohistochemical
loss of SMARCA4 (INI1) (reactive cells are positive)

6.6.3 Differential Diagnosis

The differential diagnoses of SCCHT include sex cord-stromal tumors, small
blue round cell tumor neoplasms, and pulmonary-type ovarian small cell carci-
noma. SCCHT is often confused with granulosa cell tumors [10, 26]. Adult gran-
ulosa cell tumors are rare in the young. Most SCCHT have spread beyond the
ovary at presentation, which is unusual in both variants of granulosa cell tumor.
Granulosa cell tumors are usually positive for inhibin-alpha and calretinin, but
negative for EMA. These features are opposite to those of SCCHT. Pulmonary-
type small cell carcinoma lacks the follicular arrangement that is characteristic
of SCCHT and is positive for neuroendocrine markers. SCCHT, particularly the
large cell variant, can be misdiagnosed as undifferentiated carcinoma or mela-
noma. The large cell variant of SCCHT should always be considered in young
patients with suspected undifferentiated carcinoma, and a diligent search for
typical small cell carcinoma foci, including the presence of follicles, should be
performed.
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6.7 Solid Pseudopapillary Neoplasm of the Ovary

These tumors are histologically and immunohistochemically identical to pancre-
atic solid pseudopapillary neoplasms [27, 28]. The reported patients with solid
pseudopapillary neoplasms of the ovary ranged in age from 17 to 57 years.
Macroscopically, these tumors are solid and cystic, and histologically they exhibit
diffuse, pseudopapillary, nested, and microcystic growth patterns (Fig. 6.25). In
these lesions, the tumor cells have a moderate amount of pale or eosinophilic cyto-
plasm and uniform round nuclei. Mitoses and atypia are rare. In addition, they are
positive for beta-catenin and negative for E-cadherin. The differential diagnoses of
solid pseudopapillary neoplasm of the ovary include sex cord-stromal tumors, ste-
roid cell tumors, and struma ovarii. This type of tumor rarely occurs at extrapan-
creatic sites [29]. Deshpande et al. [27] reported that one of three patients died of
their disease and that these tumors exhibit necrosis, lymphovascular invasion, and
brisk mitotic figures [27].

Fig. 6.25 Solid pseudopapillary neoplasm. Note the pseudopapillary, nested, and microcystic
growth patterns. The tumor cells contain a moderate amount of eosinophilic cytoplasm and round
nuclei
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Conclusion

Non-epithelial ovarian tumors have posed pathologic diagnosis, and a correct
diagnosis is imperative for appropriate therapies. Many of these neoplasms and
those in the differential diagnosis occur predominantly in young women, and
they can be aggressive and require specific chemotherapy. Some of non-epithe-
lial neoplasms show histologically biphasic or epithelioid features, mimicking
epithelial tumors. A few non-epithelial tumors are not specific to the ovary and
may arise more frequently at extraovarian sites. The recent discovery of somatic
mutations in FOXL2 in adult granulosa cell tumors and germline and somatic
mutations in DICERI in Sertoli-Leydig cell tumors and SMARCA4 in small cell
carcinoma, hypercalcemic type, contributes immunohistochemical analyses and
molecular research of these tumors.
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