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Abstract

We report the imaging findings of three ovarian dysgermi-
nomas that coexisted with other germ cell tumors or
gonadoblastomas, focusing on the distribution of tumor nests
and vascular architecture, which might provide information
about the pathogenesis of dysgerminomas. In a 14-year-old
female with dysgerminoma and coexisting gonadoblastomas,
contrast-enhanced magnetic resonance imaging (MRI)
demonstrated a solid mass in the right ovary, which presented
as hyperintense lobules on diffusion-weighted imaging sepa-
rated by fibrovascular septa. Some small nodules were found
to exist separately from the lobules (multiplicity) and to in-
clude pathological remnants of gonadoblastoma. Large tu-
mor vessels were present at the center of the mass (central
blood vessels), which were in direct contact with the ovarian
veins and radiated peripherally through the fibrovascular
septa. In a 35-year-old female, a mixed germ cell tumor, which
was mainly composed of dysgerminoma and yolk sac tumor
foci, exhibited the same vascular architecture pattern as the
first dysgerminoma on contrast-enhanced computed tomog-
raphy. In a 10-year-old female with a mixed germ cell tumor,
contrast-enhanced MRI revealed an enlarged left ovary,
which contained a large heterogeneous mass and multiple tiny
nodules (multiplicity). Microscopically, the former corre-
sponded to a yolk sac tumor, and the latter corresponded to a
dysgerminoma containing remnants of gonadoblastoma.
Based on these cases, the presence of tumor nest multiplicity
and central blood vessels might aid the diagnosis of dysger-
minoma, and these imaging findings might be indicative of the
synchronous development of multiple dysgerminomas from
primordial germ cells or gonadoblastomas.
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Ovarian dysgerminoma is rare, constituting 1-2% of all
malignant ovarian tumors, but it is one of the most
common malignant germ cell tumors [1]. Its preoperative
diagnosis is important because it occurs in children and
young females, and fertility-sparing surgery should be
selected, regardless of the stage of the disease, which is
not the case for epithelial ovarian cancer [2]. Although
elevated serum levels of tumor markers, such as alpha
fetoprotein (AFP), can be a clue to the diagnosis of
malignant germ cell tumors, dysgerminoma is usually
only associated with a high serum level of lactate dehy-
drogenase (LDH), which is a non-specific finding [1].
Therefore, imaging plays an important role in the diag-
nosis of dysgerminoma. Tanaka et al. reported that pure
dysgerminoma is characterized by the detection of a
lobulated solid mass divided by fibrovascular septa on
computed tomography (CT) and magnetic resonance
imaging (MRI) [3]. However, dysgerminomas can coexist
with other germ cell tumors or gonadoblastomas [1], and
to the best of our knowledge, the imaging findings of
such tumors have not been reported. Therefore, we re-
port the imaging findings of such cases, focusing on the
distribution of tumor nests and vascular architecture,
which might help to clarify the pathogenesis of dysger-
minomas.

Case report
Case 1

A 14-year-old female was referred to our hospital due to
abdominal distention. She had a regular menstrual cycle
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and exhibited normal female development. Laboratory
tests revealed an elevated serum LDH level (393 U/L).
MRI was performed with a 3.0-T system (Discovery
MR750w, GE Healthcare, Milwaukee, Wisconsin),
which demonstrated a lobulated solid mass measuring
17 cm in diameter in the right ovary (Fig. 1A, B). The
mass was divided into lobules and displayed intermediate
signal intensity on T2-weighted imaging (T2WI) and
high signal intensity on diffusion-weighted imaging
(DWI) (Fig. 1A, C). Its fibrovascular septa exhibited
strong enhancement on fat-suppressed contrast-en-
hanced TIWI (Fig. 1B). Some small nodules, which
measured up to 1.5 cm and demonstrated high signal
intensity on DWI, were found to exist separately from
the lobules within the mass. They were considered to be
separate lesions (multiplicity) (Fig. 1C). In addition,
large tumor vessels were present at the center of the mass
(central blood vessels), which were directly connected to
the ovarian veins and radiated peripherally through the
fibrovascular septa (Fig. 1A, B). Ovarian follicles repre-
sented by small cysts were seen in the contralateral ovary,
but not in the affected ovary. The patient underwent
right salpingo-oophorectomy and was pathologically
diagnosed with stage 1A dysgerminoma combined with
gonadoblastomas according to the International Feder-
ation of Gynecology and Obstetrics (FIGO) classifica-
tion. The resected mass was composed almost entirely of
dysgerminoma, which had formed lobules intersected by
fibrovascular septa, and partly of the preserved ovarian
parenchyma (Fig. 1ID-G). The preserved ovarian me-
dulla contained many dilated blood vessels (Fig. 1E),
which might have corresponded to the central blood
vessels seen on MRI, and the preserved cortex included
multiple nodular nests of dysgerminoma in association
with gonadoblastomas (Fig. 1F, G), which might have
corresponded to the separate small nodules seen on
MRI. Only a few normal follicles were detected in the
preserved cortex.

Case 2

A pelvic mass was noted during a health checkup in a
35-year-old unmarried female (gravida 0, para 0) with a
regular menstrual cycle. She had elevated serum LDH
(1554 U/L) and AFP (213 ng/mL) levels. Contrast-en-
hanced CT was performed with a 64-detector row CT
scanner (Light Speed VCT, GE Healthcare), which
demonstrated a lobulated solid mass measuring 15 cm in
diameter in the left ovary (Fig. 2A). Central blood ves-
sels were observed, and they exhibited the same vascular
architecture pattern as was seen in case 1 (Fig. 2B). The
right ovary had a normal appearance and contained
some follicles. The patient underwent left salpingo-
oophorectomy and was pathologically diagnosed with a
FIGO stage IC mixed germ cell tumor, which was pre-
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Fig. 1. Case 1: Dysgerminoma  associated with™
gonadoblastoma in a 14-year-old female. A Two slices of
coronal T2-weighted imaging showed a lobulated solid mass
in the right ovary. The lobules with intermediate intensity (long
arrows) were intersected by septa displaying low intensity
(black arrowheads). A hemorrhagic cyst was present at the
upper portion of the mass (asterisk), and the adjacent area to
the cyst showed low intensity which contained multiple small
nodules displaying the same intensity with the lobules (short
arrows), i.e., multiplicity. Prominent flow voids were present at
the center of the mass (white arrowheads), i.e., central blood
vessels. B Two slices of coronal fat-suppressed contrast-
enhanced T1-weighted imaging at the same levels with the
T2-weighted imaging demonstrated central blood vessels
(white arrowheads), which were connected to small vessels in
the fibrovascular septa (black arrowheads). Asterisk points to
the hemorrhagic cyst. C Axial diffusion-weighted imaging
obtained at a b value of 1000 s/mm? at the level of the
hemorrhagic cyst (asterisk) showed hyperintense lobules
(long arrow) and multiple small nodules (short arrows). The
small nodules existed separately from the lobules within the
low intense area of the mass, i.e., multiplicity. D The cut
surface of the resected mass displayed a lobulated appear-
ance. Inset shows magnified view of a rectangular area
adjacent to the hemorrhagic cyst (asterisk), which included
multiple yellowish-white small nodules (circles) corresponding
to the multiplicity on MRI. E Photomicrographs of the area
adjacent to the hemorrhagic cyst (H&E, x 12.5) demon-
strated preserved ovarian cortex and medulla architecture.
Dilated blood vessels were observed in the medulla (arrow-
heads), and the diffuse infiltration of dysgerminoma cells and
a normal follicle (arrow) were detected in the cortex. F The
small nodules detected on the cut surface were demonstrated
to be nodular nests of dysgerminoma (arrow) in the preserved
cortex (H&E, x 12.5). G High-power view (H&E, x 200)
showed many gonadoblastomas (arrows) within and near the
nodular nests of dysgerminoma, which were composed of
germ cells similar to dysgerminoma cells (white arrowheads)
and sex cord-type cells (black arrowheads). These cells
formed small acini containing basement membrane-type
material. The other lobulated solid part of the mass was
composed of typical pure dysgerminoma tissue (not shown).

dominantly composed of dysgerminoma with yolk sac
tumor foci.

Case 3

A 10-year-old premenarchal girl presented with abdom-
inal pain. She was found to have elevated serum LDH
(363 U/L) and AFP (5616 ng/mL) levels. MRI was per-
formed with a 1.5-T system (Ingenia, Philips Healthcare,
Best, the Netherlands), which revealed a smooth outlined
left ovarian mass together with dilated ovarian hilar and
medullary vessels. The mass was composed of a homo-
geneous hyperintense area, a large heterogeneous mass
measuring 8 cm in diameter, and multiple tiny nodules
measuring approximately 5 mm (multiplicity) on T2WI
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(Figs. 3A). The large heterogeneous mass displayed
intermediate to high signal intensity on T2WI, high sig-
nal intensity on DWI, and strong enhancement on fat-
suppressed contrast-enhanced TIWI. The multiple small
nodules demonstrated intermediate signal intensity on

T2WI (Fig. 3B), high signal intensity on DWI (Fig. 3C),
and moderate enhancement on fat-suppressed contrast-
enhanced TIWI. The right ovary had a normal appear-
ance containing some follicles, while no follicles could be
detected in the affected left ovary. The uterus appeared



1518 T. Tsuboyama et al.: Imaging findings of ovarian dysgerminoma

Fig. 1. continued.

normal. The patient underwent left salpingo-oophorec-
tomy. Microscopically, the hyperintense area, the large
heterogeneous mass, and the multiple tiny nodules on
T2WI were demonstrated to be an edematous ovarian
parenchyma, a yolk sac tumor, and dysgerminomas with
remnants of gonadoblastoma, respectively (Figs. 3D-F).
Accordingly, the pathological diagnosis was a FIGO
stage 1C mixed germ cell tumor. Only a few follicles could
be detected in the resected ovarian parenchyma. The
patient did not exhibit any evidence of recurrence and
reported menarche at 1 year and 4 months after surgery.

The pathology and imaging findings in the three cases
were summarized in Table 1.

Discussion

In the present three cases, the dysgerminoma compo-
nents appeared as typical lobulated solid masses in cases
1 and 2, but as multiple small nodules, i.e., multiplicity,
in case 3. This is probably because dysgerminoma was
the predominant component in cases 1 and 2, while in
case 3, the yolk sac tumor was the predominant com-
ponent, and the dysgerminoma component might have
arisen during the early stages of development due to the
rapid growth of the coexisting yolk sac tumor. Further-
more, by paying special attention to the distribution of
tumor nests, we also detected multiple small tumor nests
in case 1. In cases 1 and 3, the multiplicity detected on
MRI was well correlated with the small nests of dys-
germinoma containing remnants of gonadoblastoma
seen in the pathological examinations. Therefore, multi-
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«Fig. 2. Case 2 A mixed germ cell tumor predominantly
composed of dysgerminoma with yolk sac tumor foci in a
35-year-old female. A Axial contrast-enhanced CT images
showed a lobulated solid mass in the left ovary. Central blood
vessels (circle) and small vessels in the septa (black arrow-
head) were present. B Three consecutive slices of the con-
trast-enhanced CT demonstrated that the central blood
vessels (white arrowheads) were connected with the small
vessels within the fibrovascular septa (black arrowheads).

plicity might be indicative of the transformation of
gonadoblastoma to dysgerminoma.

We encountered one more novel imaging feature of
the dysgerminoma components, i.e., central blood vessels
that formed via the confluence of small vessels within the
fibrovascular septa at the center of the mass and were
directly connected to ovarian veins. Since these vascular
structure mimics that are found in normal ovaries and
dilated vessels were observed in the preserved ovarian
medulla during a microscopic examination in case 1 and
3, the central blood vessels might have originated from
the medullary vessels of the ovary. It is worth noting that
the figures for two of the three cases of pure dysgermi-
noma presented by Tanaka et al. seem to show central
blood vessels [3]. Although the incidence of central blood
vessels in dysgerminomas needs to be investigated fur-
ther, no other ovarian tumor subtypes have been re-
ported to contain central blood vessels, and thus, the
presence of central blood vessels could be a useful finding
for diagnosing dysgerminoma.

Based on the abovementioned imaging findings, we
hypothesize that multiple synchronous dysgerminomas
may develop from primordial germ cells, partially
through gonadoblastomas (Fig. 4A). As each tumor nest
grows, it starts to be fused with each other (Fig. 4B), and
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finally forms the typical lobulated solid mass (Fig. 4C).
Furthermore, the medullary blood vessels of the ovary
might become the central blood vessels of the tumor as
the tumor grows. Therefore, dysgerminomas may appear
different depending on their developmental stages. Dys-
germinoma tumor nests might exhibit multiplicity during
the early stages of their development (Fig. 4A) or in le-
sions with slow growth rates (Fig. 4B). In our case series,
case 1, 2, and 3 might be at the developmental stage
shown in Fig. 4B, C, and A, respectively. Since we have
no clonal evidence, multiple tumor nests might arise
independently (multicentric) or have a monoclonal origin
(multifocal).  Although the multifocal/multicentric
development of dysgerminomas has never been docu-
mented in previous pathological or molecular genetic
studies [4—6], we consider that imaging findings of dys-
germinomas are easily explained by this concept.
Although the pathogenesis of dysgerminoma is not
fully understood, two pathways have been suggested [4—
6]. One involves progression from primordial germ cells
via gonadoblastomas caused by the presence of Y chro-
mosome material and resulting in gonadal dysgenesis in
disorders of sex development (DSD) patients, and the
other involves direct progression from primordial germ
cells containing spontaneous KIT mutations in females
with normal karyotypes. Hoei-Hansen et al. speculated
that even in the direct pathway, some degree of gonadal
dysgenesis might lead to the initiation of gonadoblas-
toma-like lesions [4]. Furthermore, several authors have
reported that gonadoblastoma can develop in apparently
normal females with 46, XX karyotypes [7—15]. Although
the karyotypes of the present two patients with
gonadoblastomas were not examined, they showed no
clinical signs of DSD. We speculate that the incidence of
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«Fig. 3. Case 3 A mixed germ cell tumor composed of a yolk
sac tumor and dysgerminomas associated with remnants of
gonadoblastomas in a 10-year-old girl. A Two slices of
coronal T2-weighted imaging showed a left ovarian mass with
a smooth outline. The mass exhibited high signal intensity and
included a large heterogeneous mass (long arrow) with
necrosis (asterisk) and multiple tiny nodules (short arrows),
i.e., multiplicity. Dilated medullary and hilar vessels (arrow-
head) were seen. B Axial T2-weighted imaging showed mul-
tiple tiny nodules with intermediate intensity (arrows) within
the hyperintense mass. Asterisk points to the necrosis of the
large heterogeneous mass. C On axial diffusion-weighted
imaging obtained at a b value of 1000 s/mm?, the multiple tiny
nodules displayed high signal intensity (arrows). The sur-
rounding hyperintense area on T2-weighted imaging showed
slight high intensity on diffusion-weighted imaging due to T2
shine-through effect. Asterisk points to the necrosis of the
large heterogeneous mass. D Macroscopic view of the re-
sected specimen demonstrated that the mass contained a
large heterogeneous mass with hemorrhage (white circles)
and multiple tiny nodules at the periphery (black circles).
E Low-power view (H&E, x 12.5) of the multiple tiny nodules
at the periphery of the mass showed that the nodules were
composed of aggregation of round tumor nests (circles) within
edematous ovarian parenchyma. Dilated medullary vessels
(arrows) and some normal follicles (not shown) were ob-
served. F. High-power view (H&E, x 200) of the circled area
in Fig. 3E demonstrated that the round nests were composed
of polygonal tumor cells with prominent nucleoli, which were
immunoreactive for placental alkaline phosphatase, D2-40,
and c-KIT (not shown). Although no sex cord stromal cells
were identified, the nests contained basement membrane-
type material (arrows) and were suggested to be remnants of
gonadoblastomas that had been overgrown by dysgermi-
noma. The large heterogeneous mass was composed of a
yolk sac tumor (not shown).
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Table 1. Summary of pathology and imaging findings in three cases

Case Pathology Age Lobulated Multiplicity Central

mass blood

with septa vessels
1 DG + GB 4 + + +
2 DG + YST 35+ - +
3 YST + DG + GB 10 - + -

Pathology is shown in the order of predominance
DG, dysgerminoma; GB, gonadoblastoma; YST, yolk sac tumor

gonadoblastomas in females with normal karyotypes
might have been underestimated because gonadoblas-
tomas that have been overgrown by dysgerminomas can
easily be overlooked [16]. Since gonadoblastomas usually
manifest as multiple tumor nests on a background of
gonadal dysgenesis, it seems to be reasonable that some
part of dysgerminomas undergoes multifocal/multicen-
tric  development through gonadoblastomas or
gonadoblastoma-like lesions.

In conclusion, the presence of tumor nest multiplicity
and central blood vessels might aid the diagnosis of
dysgerminoma, and these imaging findings might be
indicative of the development of multiple synchronous
dysgerminomas from primordial germ cells or
gonadoblastomas.

continued.

Fig. 3.
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Fig. 4. Proposed pathogenesis of dysgerminoma based on
the imaging findings. First, multiple synchronous dysgermi-
nomas develop from primordial germ cells, partially through
gonadoblastomas at the cortex of the ovary (A). Then, the
tumor nests start to fuse together by their growth and to form
a lobulated solid mass. In this step, small tumor nests with
slow growth rates (black arrowheads) exist separately in the
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