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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Recognize entities associated with germ
cell tumors that may mimic worsening
metastatic disease.

m Describe unusual manifestations of
true metastatic disease that may occur in
germ cell tumors.

m List systemic endocrine and autoim-
mune syndromes that may be caused by
germ cell tumors.

See rsna.orgl/learning-center-rg.

An earlier incorrect version of this
article appeared online. This article
was corrected on July 25, 2019.

Germ cell tumors, because they contain immature and mature
elements, can differentiate into different tissue types. They can
exhibit unusual imaging features or manifest in a syndromic
fashion. The authors describe these features and assign them to
one of the following categories: (a) unusual manifestations of
metastatic disease (growing teratoma syndrome, choriocarcinoma
syndrome, ossified metastases, and gliomatosis peritonei); (b) au-
toimmune manifestations (sarcoidlike reaction and paraneoplastic
syndromes); (¢) endocrine syndromes (sex hormone production,
struma ovarii, and struma carcinoid); or (d) miscellaneous condi-
tions (ruptured dermoid cyst, squamous cell carcinoma arising
from a mature teratoma, Currarino triad, fetus in fetu, pseudo-
Meigs syndrome, and pancreatitis). Rare conditions associated
with germ cell tumors demonstrate characteristic imaging find-
ings that can help lead to the appropriate diagnosis and manage-
ment recommendations. When evaluating for potential metastatic
disease, alternative benign diagnoses should be considered (eg,
growing teratoma syndrome, ossified metastases, ruptured der-
moid cyst, gliomatosis peritonei, and sarcoidlike reaction), which
may impact management. Germ cell tumors may also lead to
life-threatening complications such as extensive hemorrhage from
choriocarcinoma metastases or the rupture of mature teratomas,
cases in which timely diagnosis is crucial. Autoimmune and endo-
crine manifestations such as paraneoplastic encephalitis, autoim-
mune hemolytic anemia, and hyperthyroidism may occur owing
to the presence of germ cell tumors and can create a diagnostic
dilemma for clinicians. Knowledge of the syndromic and unusual
imaging findings associated with germ cell tumors helps guide ap-
propriate management.

©RSNA, 2019 - radiographics.rsna.org

Introduction
Germ cell tumors represent neoplasms derived from germ cells.
These cells are normally found in the ovaries or testes, in which their
function is to produce eggs or sperm, respectively. These gonadal
sites are the most common locations for the manifestation of germ
cell tumors. Germ cell tumors are also found in extragonadal sites,
likely arising from primordial germ cells that fail to migrate to the
gonads (1). Teratomas are a specific type of germ cell tumor that
contain mature elements from all three embryonic germ layers—the
ectoderm, mesoderm, and endoderm (1).
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TEACHING POINTS

B Growing teratoma syndrome is the growth of nonseminoma-
tous germ cell tumor metastases, despite appropriate treat-
ment with chemotherapy and the normalization of serum
markers, with the results of a pathologic examination confirm-
ing mature teratoma.

B Choriocarcinoma syndrome is defined as extensive bleeding of
choriocarcinoma metastases, which can lead to diffuse alveo-
lar hemorrhage in the lungs and subcapsular hematoma in
the liver.

B Because sarcoidlike reactions are associated with lymphade-
nopathy, they may mimic progression of metastatic disease.

B Many germ cell tumors will produce hCG, with associated
downstream effects such as gynecomastia in men and viriliza-
tion in women.

B A larger than expected soft-tissue component for an ovarian
mature teratoma should raise concern for malignant transfor-
mation.

The classification of germ cell tumors is de-
pendent on the site of manifestation (Fig 1). In
the testicle, germ cell tumors are categorized as
seminomatous or nonseminomatous (5). Semino-
matous germ cell tumors are histologically pure
seminoma and are more indolent and less likely
to metastasize in comparison to those of nonsem-
inomatous types (6,7). Nonseminomatous germ
cell tumors may be comprised of a single cell type
(eg, a yolk sac tumor) or a combination of several
cell types, including seminoma (5).

In the ovary, germ cell tumors include mature
teratoma (also known as dermoid cyst), imma-
ture teratoma, yolk sac tumor, mixed germ cell
tumor, and choriocarcinoma, the latter of which
includes gestational and nongestational forms
(8,9). Note that testicular teratomas are classi-
fied as nonseminomatous germ cell tumors and
are considered malignant, while mature terato-
mas of the ovary are considered benign (5,8).

Extragonadal germ cell tumors often develop
in midline structures (Fig 1). In pediatric patients,
extragonadal germ cell tumors are often found
intracranially and in the pelvis, mediastinum,
and retroperitoneum, from highest to lowest rate
of prevalence, as well as in other sites (2,10). In
adults, the most common sites of manifestation in-
clude the anterior mediastinum, retroperitoneum,
and intracranial locations (3,4,9,11,12). Over-
all, extragonadal germ cell tumors in adults are
extremely uncommon, composing 2% of all germ
cell tumors. However, the prevalence of extrago-
nadal tumors is higher in women (3).

Imaging plays a key role in the diagnosis and
management of germ cell tumors. Primary go-
nadal tumors are most often depicted on US im-
ages, although CT or MRI can be performed for
troubleshooting (13,14). In contrast, extrago-
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nadal tumors are most often depicted on CT or
MR images (9). CT is also usually the modal-
ity of choice when staging germ cell tumors,
although MRI may be preferred in younger pa-
tients owing to its lower radiation dose (13-15).
Fluorine 18-fluorodeoxyglucose (FDG) PET/
CT is not generally used to stage germ cell
tumors, although PET/CT may provide value
in the differentiation of viable versus nonviable
tissue after therapy (13,15-17).

In this article, we review the unusual mani-
festations of germ cell tumors, including un-
common patterns of metastatic disease, auto-
immune manifestations, associated endocrine
syndromes, and miscellaneous syndromes and
manifestations.

Unusual Manifestations of
Metastatic Disease

Malignant germ cell tumors of the testes, ovaries,
and retroperitoneum commonly metastasize to
the retroperitoneal lymph nodes (14,18). The
most common sites of solid-organ metastases
from germ cell tumors are the lungs, followed
by the liver and brain (13,14,19). Ovarian germ
cell tumors may also spread directly to perito-
neal surfaces (14). However, metastatic disease
from germ cell tumors can occasionally have an
unusual appearance or clinical presentation, and
knowledge of these manifestations will allow the
radiologist to interpret images correctly and pro-
vide the greatest value to referring clinicians.

Growing Teratoma Syndrome

Because of their totipotent nature, germ cell
tumors have the capability of differentiating into
various tissue types such as a teratoma. Rarely,
metastases from nonseminomatous germ cell
tumors can differentiate into mature teratomas
after treatment with chemotherapy (20,21).
These metastases are composed of benign cell
types and are thus no longer susceptible to
chemotherapy.

Growing teratoma syndrome is the growth of
nonseminomatous germ cell tumor metastases,
despite appropriate treatment with chemotherapy
and the normalization of serum markers, with
the results of a pathologic examination confirm-
ing mature teratoma. This enlargement may
mimic treatment failure or relapse (21,22). This
distinction is important for patient management
as mature teratomas will not respond to further
chemotherapy; they are often excised surgically
(20). Growing teratoma syndrome more com-
monly manifests in men than in women (15).

The typical imaging findings of growing
teratoma syndrome are enlargement and cystic
change within existing metastases (Figs 2, 3)
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Figure 1. Frequency of germ cell tumors in pediatric and adult patients by site of man-
ifestation. Illustration shows the overall distribution of germ cell tumors in pediatric and
adult patients (red percentages). The 2% of extragonadal tumors diagnosed in adults
is further categorized by location (blue percentages). (Data are from references 2-4.)

a.

b.

Figure 2. Growing teratoma syndrome in a 27-year-old woman with an ovarian mixed germ cell tumor treated with resection and
chemotherapy. (a) Axial contrast material-enhanced CT image obtained before treatment shows a mixed solid and cystic intraperi-
toneal mass (), with surrounding peritoneal fat stranding and nodularity (arrow). (b) Axial contrast-enhanced CT image obtained
after treatment shows hepatic (black arrow), mesenteric (white arrow), and peritoneal (arrowhead) mixed cystic and solid lesions with

internal calcification. Surgical resection confirmed mature teratomas.

(21,23). Growing teratomas may also calcify

(Fig 2), a finding that represents the presence of
mature osseous and cartilaginous elements within
the teratoma, and develop intralesional fat (24).
These enlarging masses generally show minimal
contrast enhancement, often at the rim or septa
rather than nodular enhancement (Fig 3c).

MRI may be helpful in distinguishing pro-
teinaceous material from true enhancement and
for better delineating the relationship between
the tumor and adjacent structures. PET/CT im-
ages will show minimal or no residual FDG up-

take (Fig 3b, 3d) (21). Dual-energy CT images
can also show lack of enhancement within these
lesions. If a radiologist is confronted with a case
of nonseminomatous germ cell tumor metasta-
ses with enlarging cystic non—-FDG-avid lesions
despite an otherwise good response to therapy,
he or she should suspect a diagnosis of growing
teratoma syndrome.

Choriocarcinoma Syndrome
Choriocarcinoma produces hypervascular
metastases, which promote angiogenesis and
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C.

Figure 3. Growing teratoma syndrome in a 19-year-old man
with a testicular mixed germ cell tumor. (a, b) Initial axial con-
trast-enhanced CT (a) and fused PET/CT (b) images obtained
before treatment show retroperitoneal lymphadenopathy (ar-
row) with FDG avidity. (c, d) Axial contrast-enhanced CT (c)
and PET/CT (d) images obtained 6 months after the patient
underwent chemotherapy show that the retroperitoneal lymph-
adenopathy has increased in size but has decreased FDG up-
take. (e) Whole slide image (width, 21.4 mm) of the resected
predominantly mature teratoma shows multicystic architecture.
(Hematoxylin-eosin [H-E] stain.)

invade small blood vessels (25). Choriocarci-
noma syndrome is defined as extensive bleeding
of choriocarcinoma metastases, which can lead
to diffuse alveolar hemorrhage in the lungs and
subcapsular hematoma in the liver (26,27).
Severe cases of choriocarcinoma syndrome may
result in disseminated intravascular coagulation,
massive hemorrhage, and shock (25-28).

This syndrome is more commonly seen in
patients with a large disease burden or imme-
diately after initiating chemotherapy (29,30).
Usually, choriocarcinoma syndrome is associ-
ated with markedly elevated human chorionic
gonadotropin (hCQG) levels (30). This syndrome
is associated with poor response to therapy and
poor outcomes (26,27,30).

The typical imaging findings associated with
choriocarcinoma syndrome are dependent on

the site of metastasis. In the lungs, metastatic
nodules have surrounding ground-glass attenu-
ation (CT halo sign), a finding consistent with
hemorrhage. As bleeding becomes more exten-
sive, patchy ground-glass opacities may be de-
picted throughout the lung, a finding consistent
with diffuse alveolar hemorrhage (25,26,29).
Hemothorax has also been reported (28). In
the liver, hemorrhagic metastases can lead to
subcapsular hematoma and hemoperitoneum
(Fig 4a) (27).
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In some cases, metastases may produce pseu-
doaneurysms or arteriovenous fistulas (Fig 4a,
4b) (28,30). Catheter angiograms will depict
tumor vascularity and, in some cases, pseudoan-
eurysms that may require urgent catheter-directed
embolization to manage associated hemorrhage
(Fig 4c¢). In the absence of a known diagnosis
of metastatic choriocarcinoma, the differential
diagnosis for multiple pseudoaneurysms and/or
hemorrhagic masses would include hypervascu-
lar metastases from choriocarcinoma, renal cell
carcinoma, thyroid carcinoma, angiosarcoma, or
hemangioendothelioma.

Ossified Metastases

Ossified metastases in the lungs are rare and usu-
ally associated with metastatic osteosarcoma (31).
Although unreported, ossified metastases may also
be diagnosed in a patient with a malignant germ
cell tumor. For example, the patient in Figure 5
was diagnosed initially with a mediastinal imma-
ture teratoma and soft-tissue—attenuation pul-
monary nodules. After treatment, the pulmonary
nodules increased in size and developed calcifica-
tion at CT (Fig 5b). The results of a pathologic
examination of one of the excised lung nodules
confirmed mature osseous tissue (Fig 5¢). We

Figure 4. Choriocarcinoma syndrome in a 35-year-old woman
who presented with abdominal pain. Laboratory findings disclosed
anemia and an elevated hCG level without intrauterine pregnancy.
(a, b) Axial contrast-enhanced CT images show multiple pseu-
doaneurysms in the liver (black arrowheads in a), subcapsular
hematoma in the liver (arrow in a), and hyperattenuating ascites
(white arrowhead in a). A pseudoaneurysm in the middle lobe of
the right lung (arrow in b) is also depicted. (c) Selective digital
subtraction angiogram of the superior mesenteric artery shows
tumor vascularity (black arrow) in the liver. Paucity of vascularity
(white arrow) is also depicted at the site of the subcapsular hema-
toma. The results of pathologic analysis of a liver biopsy specimen
confirmed metastatic choriocarcinoma.

hypothesize that metastatic teratoma in the lung
differentiated into mature osseous tissue, analo-
gous to growing teratoma syndrome.

In general, radiologists should consider calcify-
ing granulomas and calcifying metastases in the
differential diagnosis for a calcifying pulmonary
nodule depicted in the setting of a known malig-
nancy. Performing a biopsy may be required for
confirmation.

Gliomatosis Peritonei

Another uncommon path of differentiation for im-
mature germ cell tumors is glial tissue. In patients
with immature teratoma of the ovary, tumor cells
can seed the peritoneum and differentiate into glia
(32).The glial tissue is usually benign, although
transformation to malignant glioma has been de-
scribed (33). Gliomatosis peritonei usually mani-
fests in the pediatric to middle-aged adult popula-
tion and is not associated with poor prognosis.

An imaging feature of gliomatosis peritonei is
nodular enhancement of the peritoneum, which
cannot be distinguished from conventional me-
tastases by imaging alone (Fig 6) (32). Of note,
gliomatosis peritonei can also rarely result from
peritoneal seeding of the intracranial glial tissue
through a ventriculoperitoneal shunt (33).

Autoimmune Manifestations
Like many other malignancies, germ cell tumors
can elicit an immune reaction that may affect
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Figure 5. Ossified metastases in a 51-year-old man with mediastinal teratoma. (a) Initial
axial contrast-enhanced CT image shows a small pulmonary metastasis (arrow). (b) Axial
contrast-enhanced CT image obtained 8 months later shows the nodule (arrow), which has
increased in size and developed calcification. (c) Photomicrograph (width, 3.5 mm) of the
ossified pulmonary nodule shows lung tissue (arrowhead) with a large deposit of mature
bone (arrow). (H-E stain; original magnification, X40.)

normal organs. These immune reactions include
sarcoidlike reaction, granulomatous inflamma-
tion that pathologically mimics sarcoidosis, and
various paraneoplastic syndromes, particularly
with neurologic manifestations.

Sarcoidlike Reaction

Sarcoidosis is a systemic inflammatory process
characterized by nonnecrotizing granulomatous
inflammation. It can affect multiple organs, par-
ticularly the eyes, lymph nodes, lungs, central
nervous system, and heart. A sarcoidlike reac-
tion represents a granulomatous inflammatory
process that occurs in the setting of malignancy
or infection but does not meet the clinical crite-
ria of sarcoidosis (34).

The pathogenesis of sarcoidlike reaction is
unknown but hypothesized to be caused by
humoral and T-cell-mediated factors, leading to
the recruitment and activation of macrophages
(35). Sarcoidlike reactions are not typically
associated with symptoms and rarely require
treatment. Because sarcoidlike reactions are as-
sociated with lymphadenopathy, they may mimic
the progression of metastatic disease.

Indeed, a study of sarcoidlike reactions in a
general oncology population reported that sar-
coidlike reaction was pathologically confirmed
in 0.6% of the oncology population undergoing
PET/CT, more frequently at restaging compared
with at initial staging. Astute recognition of pos-

sible sarcoidlike reactions may prevent incorrect
staging and management of this population, as
sarcoidlike reaction is treated conservatively or
with steroids rather than with chemotherapy
(35). However, the results of a biopsy are usu-
ally required to obtain a definitive diagnosis
(36). Sarcoidlike reactions have been reported
in association with germ cell tumors both before
and after treatment (36).

The typical imaging appearance of sarcoidlike
reaction includes mediastinal and hilar lymph-
adenopathy, which may form the Garland triad,
also termed the 1-2-3 sign or pawnbroker sign, on
chest radiographs, corresponding to the right
paratracheal and bilateral hilar stations (Figs
7a, 8b) (36,37). Less commonly, perilymphatic



RG ¢ Volume 39 Number 4

Magudia et al 1025

a.

b.

Figure 6. Gliomatosis peritonei in a 12-year-old girl with a history of immature teratoma following resection. (a) Axial
contrast-enhanced CT image shows ascites with nodular enhancement of the peritoneum (arrows). (b) Laparoscopic im-
age shows studding of the peritoneum (arrows). The results of a pathologic examination confirmed gliomatosis peritonei.

pulmonary nodules (Fig 7b) may manifest.
Other sites such as the spleen and supraclavicu-
lar or upper abdominal lymph nodes can also be
involved (Figs 7c, 8a) (36).

C.

Figure 7. Sarcoidlike reaction in a 41-year-old man with testicular
teratoma who underwent treatment 18 years earlier and was diag-
nosed with pelvic recurrence. (a) Axial fused PET/CT image shows
FDG-avid hilar lymphadenopathy (arrows). (b) Coronal maximum
intensity projection CT image of the chest shows extensive diffuse
perilymphatic pulmonary nodules with an upper lung predomi-
nance. Note the nodularity along the right minor fissure (arrow)
and clustered nodules in the left upper lobe (arrowhead). (c) Axial
fused PET/CT image shows FDG-avid upper abdominal lymphade-
nopathy (black arrows) and focal FDG uptake in the spleen (white
arrow). The results of a pathologic examination confirmed granu-
lomatous inflammation.

As both sarcoidlike reaction and metastatic
disease show FDG uptake at imaging, PET/
CT is not helpful in differentiating between
these entities (Fig 7a, 7¢) (35,36). Thus, when
evaluating a staging examination for a patient
with a known germ cell tumor, if the radiologist
observes isolated hilar and paratracheal lymph-
adenopathy and/or perilymphatic pulmonary
nodules, he or she should suggest that these
represent a sarcoidlike reaction, as this would be
an unusual distribution for metastases.
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Figure 8. Sarcoidlike reaction in a 51-year-old woman. Axial nonenhanced CT images show a right supraclavicular lymphadenopa-
thy (arrow in a), anterior mediastinal mass (x in b), pulmonary nodule (arrow in b), and right paratracheal lymphadenopathy (arrow-
head in b). The supraclavicular lymph node was initially suspected to be metastatic, but the results of a biopsy confirmed granuloma-
tous inflammation. The results from a pathologic examination of the anterior mediastinal resected mass confirmed choriocarcinoma,
and the results of a surgical lung biopsy confirmed metastatic choriocarcinoma.

Antibody-mediated

Paraneoplastic Syndromes

Tumors may induce the patient’s immune
system to produce antibodies that harm normal
tissues within the body. These are referred to as
paraneoplastic syndromes and can involve vari-
ous organ systems. Testicular germ cell tumors
are associated with anti-Ma2 antibody-medi-
ated encephalitis, in which patients present with
memory loss, sleep disturbances, and hyperpha-
gia and are diagnosed with pituitary hormone
deficiencies (38). Ovarian teratomas are associ-
ated with anti-N-methyl-D-aspartate (NMDA)—
receptor antibody—-mediated encephalitis, which
may cause patients to present with psychiatric
symptoms and may lead to a catatonic state.

In both syndromes, paraneoplastic encephalitis
is often the initial manifestation, and the occult
primary tumor is identified at subsequent workup
(39). Paraneoplastic encephalitis may be entirely
occult at imaging, including at brain MRI. If
depicted, the typical imaging features on MR
images include a T2-weighted and/or fluid-atten-
uated inversion-recovery (FLAIR) signal inten-
sity abnormality in the medial temporal lobes,
cerebral cortex, or basal ganglia, usually without
abnormal enhancement (Fig 9) (38,40,41).
Paraneoplastic syndrome typically resolves after
tumor resection and treatment with immuno-
suppression and intravenous immunoglobulin
therapies (39).

Ovarian teratomas are rarely associated with
autoimmune hemolytic anemia. The mechanism
is unknown but likely relates to cross reactiv-

ity between tumor antigens and red blood cell
surface antigens. The few reported cases of
autoimmune hemolytic anemia are associated
with splenomegaly. This entity does not respond
to steroids or splenectomy but resolves when the
teratoma is resected (42).

Endocrine Syndromes
Germ cell tumors may secrete hormones into
the bloodstream, leading to downstream endo-
crine effects. These hormones may also aid in
diagnosis and tumor monitoring.

Human Chorionic Gonadotropin

Many germ cell tumors will produce hCG, with
associated downstream effects such as gyneco-
mastia in men and virilization in women. Levels
of hCG are elevated in 10%—-20% of stage 1
cases and up to 40% of stage 2 cases of non-
seminomatous germ cell tumors owing to the
presence of embryonal carcinoma and/or chorio-
carcinoma elements (43). Even pure seminomas
may produce hCG, which is seen in 15%-20%
of patients with advanced seminomas owing to
the presence of syncytiotrophoblasts (43,44).
Elevated hCG levels are considered a poor prog-
nostic factor in tumor staging (6).

In ovarian germ cell tumors, hCG levels are
elevated in all choriocarcinomas and 5% of dys-
germinomas; hCG may be produced in mixed
germ cell tumors depending on their histologic
composition (45). Elevated hCG levels have
also been described in a case of ovarian mature
teratoma (46).
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Figure 9. Limbic encephalitis in a 22-year-old woman with a mature ovarian teratoma who presented
with seizure. (a, b) Axial FLAIR MR images of the brain show increased signal intensity in the anterome-
dial bilateral frontal lobes (arrowhead in a), medial parietal lobes (arrow in a), and left thalamus (arrow
in b). (c) Axial T1-weighted MR image of the pelvis shows a right adnexal mass (arrow) containing
internal fat (). The results of a pathologic examination of the right adnexal mass confirmed a mature
ovarian teratoma. The patient was clinically diagnosed with anti-NMDA-receptor antibody-mediated
encephalitis, with clinical improvement after mass resection and intravenous immunoglobulin therapy.

roareolar soft-tissue lesion at CT (48). In female
patients, elevated sex hormone production leads
to primary or secondary amenorrhea and viriliza-
tion, which includes symptoms such as hirsutism,
acne, clitoromegaly, and voice changes (15,45).
Extreme elevation of hCG above 50000 IU/L
can stimulate thyroid hormone production, as
the hCG hormone is similar in molecular struc-
ture to that of the thyroid-stimulating hormone
(27,49). Patients with elevated hCG levels may
be diagnosed with clinical hyperthyroidism and
enlargement of the thyroid at imaging (49).

Thyroid and Carcinoid Differentiation
As discussed previously, teratomas contain ma-
ture tissues derived from the three germ layers
within them. Struma ovarii and strumal carci-
noid are ovarian teratomas that contain mature

< thyroid tissue and carcinoid tissue, respectively.
To meet the criteria for a struma ovarii diagnosis,
Germ cell tumors produce a complete hCG an ovarian teratoma must be composed of greater
molecule, which will then stimulate sex hor- than 50% thyroid tissue (50). Strumal carcinoid
mone production. In prepubertal patients, these refers to a rare ovarian teratoma composed of an
elevated sex hormone levels result in precocious admixture of carcinoid and thyroid tissue (51).
puberty (47). In male patients, elevated sex hor- Patients with either struma ovarii or strumal
mone levels may lead to gynecomastia and nipple carcinoid can be diagnosed with clinical hyper-
soreness (Fig 10) (15,30). Gynecomastia typically thyroidism that resolves when the tumors are
appears as a flame-shaped or fan-shaped ret- excised. Struma ovarii have been reported to oc-
roareolar lesion at mammography, a hypoechoic cur in 2.7% of cases of all ovarian teratomas and

retroareolar mass at US, and a flame-shaped ret- 0.5% of all cases of ovarian malignant tumors,
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Figure 10. Testicular teratoma in a
25-year-old man with an elevated serum
B-hCG level of 1200 IU/L. Axial contrast-
enhanced CT image shows bilateral gyne-
comastia (arrows).

radiographics.rsna.org

a.

Figure 11. Strumal carcinoid in a 53-year-old woman. (a) Axial T2-weighted fat-saturated MR image shows a T2-intermediate right
adnexal mass (arrow). (b) Axial T1-weighted fat-saturated MR image obtained after the administration of contrast material (postcon-
trast) shows avid enhancement of the mass (arrow). The results of a pathologic examination confirmed strumal carcinoid.

with 5% of these patients diagnosed with clinical
hyperthyroidism (14).

Struma ovarii and strumal carcinoid cannot
be distinguished from other ovarian teratomas on
the basis of conventional imaging. Struma ovarii
will typically appear as a multilocular cystic mass
on CT and MR images, often with enhancing
septa and smooth margins. LLarge cystic spaces
may occasionally be depicted, which represent
dilated thyroid follicles (14).

Given the nonspecific imaging features, the
diagnosis is usually made pathologically after
resection. Struma ovarii and strumal carcinoid
can also be incidentally detected on radioiodine
images or explain low thyroid radioiodine uptake
owing to the presence of ectopic thyroid tissue
(52,53) (Fig 11). Papillary thyroid carcinoma
will develop in an estimated 5% of patients with
struma ovarii tumors. Typical management is
staging and treatment with iodine-131 therapy
after resection (50,52,53).

Miscellaneous Syndromes
and Manifestations
Unusual imaging findings may suggest specific
types of germ cell tumors. Knowledge of these

syndromes and manifestations will allow radiolo-
gists to provide more specific diagnoses to aid
clinical management.

Ruptured Dermoid Cyst

Mature ovarian teratomas or dermoid cysts may
come to the clinician’s attention in several ways.
They are commonly visualized incidentally at
CT or US performed for another indication.
Patients may be diagnosed with ovarian tor-
sion, characterized on US images as an enlarged
ovary with decreased internal vascularity in the
presence of a fat-containing mass, findings con-
sistent with an ovarian mature teratoma. Similar
findings are depicted at CT and MRI, which
may also demonstrate medialization of the af-
fected ovary (54,55).

Although uncommon, dermoid cysts may
freely rupture into the peritoneal cavity. This
may be spontaneous or occur after trauma, ovar-
ian torsion, infection, or labor. These patients
may be diagnosed acutely with peritonitis re-
lated to bleeding and the spilling of the tera-
toma’s contents (56). This acute presentation
can be associated with pain and anemia and may
lead to hemorrhagic shock in some cases.
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CT images will depict hemoperitoneum and
occasionally free intraperitoneal fat globules (Fig
12) (54). Fat globules may be more difficult to
visualize on MR images, as both fat and water are
T2 hyperintense with fast spin-echo T2-weighted
sequences. If fat globules floating within the peri-
toneal fluid are depicted, the radiologist should
evaluate for an ovarian mass and suggest the diag-
nosis of ruptured dermoid cyst.

An alternate presentation of a ruptured der-
moid cyst is chronic granulomatous peritonitis
owing to a long-standing leaking teratoma (56).
Typical imaging features of chronic granulomatous
peritonitis include ascites and peritoneal enhance-
ment, findings similar to those of peritoneal carci-
nomatosis or tuberculous peritonitis (54).

Teratomas from primary sites other than the
ovary can rupture as well, including within the me-
diastinum and cranium. Several cases of ruptured
mediastinal teratoma have been reported. This
rupture may be spontaneous and is associated with
chest pain, dyspnea, or hemoptysis (57-61). One
case of mediastinal teratoma with rupture owing
to trauma has also been reported (62). CT can
show fat-containing pulmonary masses, pleural
effusions, or pericardial effusion, and there may be
consequent atelectasis or consolidation (58).

Intracranial dermoid cysts can also rupture and
usually cause patients to present with headache

Figure 12. Ruptured dermoid cyst in a 43-year-old woman who pre-
sented with abdominal pain. Laboratory findings disclosed anemia.
Axial contrast-enhanced CT images show fat globules within the as-
cites at the hepatic dome (arrow in a), a fat-containing adnexal mass
(black arrow in b) with interruption in the cyst wall (white arrow in b),
and hyperattenuating ascites (arrow in c). Surgical exploration con-
firmed ovarian torsion, and the results of a pathologic examination
confirmed a ruptured dermoid cyst.

and seizures. The spread of dermoid contents into
the ventricular system as well as the subarachnoid
and subdural spaces can cause chemical menin-
gitis and arachnoiditis with associated vasospasm,
leading to significant morbidity and possible
mortality. Chemical meningitis leads to intense
meningeal enhancement on MR images.

Similar to those depicted in the rupture of an
ovarian mature teratoma, fat droplets may be
visualized at both CT and MRI in the ventricular
and subarachnoid spaces (63). Note that fat may
be mistaken for air on standard brain-window
CT images, so if a ruptured dermoid cyst is sus-
pected, we suggest using standard soft-tissue (ab-
domen) windows. As discussed previously, both
fat and cerebrospinal fluid will be hyperintense at
T2-weighted MRI. T1-weighted MRI without fat
suppression will readily demonstrate intracranial
fat droplets.

Squamous Cell Carcinoma Arising from a
Mature Teratoma

Mature teratomas may rarely undergo malig-
nant transformation. Any component of the
mature teratoma may become malignant, with
squamous cell carcinoma representing the most
frequent malignancy (64,65). Degeneration to
adenocarcinoma or melanoma has also been
reported (65).

Malignant transformation occurs in up to
2% of ovarian teratomas and is diagnosed more
often in older patients. This diagnosis is associ-
ated with poor prognosis compared with mature
teratoma alone and has treatment implications
(65). Malignant transformation to squamous
cell carcinoma may be associated with elevated
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Figure 13. Squamous cell carcinoma arising from a mature teratoma in a 57-year-old woman. Axial (a) and coronal (b) contrast-
enhanced CT images show a large adnexal mass containing fat (black arrow), calcium (white arrow), fluid (white arrowhead), and a
significant soft-tissue component (black arrowhead, better depicted on b). The results of a pathologic examination confirmed squa-
mous cell carcinoma arising within a mature teratoma.

Figure 14. Immature teratoma in a 12-year-

old girl. (a) Coronal contrast-enhanced CT im-
age shows a large mass arising from the pelvis,
predominately composed of heterogeneous soft
tissue (white arrow), with small foci of calcium
(black arrow) and fat (arrowhead). (b) Gross
photograph of the resected mass shows hetero-
geneity with multiple tissue types. The results of
a pathologic examination confirmed immature

teratoma.

carbohydrate antigen 19-9 or squamous cell
carcinoma antigen levels (65,66). It has been
suggested that teratomas in older patients or pa-
tients with large teratomas be screened for these
tumor markers (66).

Preoperative diagnosis of the presence of
squamous cell carcinoma within a mature tera-
toma is extremely challenging, as there are no
imaging features specific for malignant degener-
ation. A larger than expected soft-tissue com-
ponent for an ovarian mature teratoma should
raise concern for malignant transformation (Fig
13). However, a large soft-tissue component

within a teratoma can represent either malignant

degeneration of mature elements (eg, carci-
noma, which usually occurs in older patients)
or malignancy within immature elements (eg,
immature teratoma, which usually occurs in
younger patients) (Fig 14) (1,64).

The degree of FDG uptake at PET/CT may
also assist in differentiating mature teratomas
from immature teratomas or teratomas with
malignant transformation (67,68). Aggressive
features such as invasion of adjacent structures
should also suggest malignant potential (Fig 15).
Indeed, one case series showed that 34% of tera-
tomas with malignant degeneration to squamous
cell carcinoma showed vascular involvement,
and 67% showed infiltration of surrounding
structures at pathologic examination (65). MRI

can be helpful in distinguishing proteinaceous
material from enhancing soft tissue and delineat-
ing any invasion of adjacent structures. Rapid
growth may also be suggestive of malignant
transformation (64).
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Currarino Triad
Currarino triad represents the association of a
presacral mass, sacral osseous defect, and ano-
rectal malformation in pediatric patients (69).
Patients with Currarino triad may also have as-
sociated spinal cord anomalies such as tethered
cord, thickened filum terminale, or syrinx, which
may be associated with urinary dysfunction.
Diagnosis of Currarino triad is important, as
correction of anorectal malformations is much
more complex if associated with this entity (70).
In a recent case series of patients with Cur-
rarino triad, patients were diagnosed with im-
perforate anus, constipation, or pelvic abscess.
The presacral masses in six out of 17 patients
were pathologically confirmed as mature cystic
teratomas, two of which were infected at clinical
presentation. The remainder of cases were asso-
ciated with lipomyelocele and lipomyelomenin-
gocele. Anorectal malformations may range from
relatively simple anorectal stenoses to imperfo-
rate anus or complex rectoperineal, rectovaginal,
retrovestibular, or rectourethral fistulas (70).
CT images will demonstrate the presacral
mass, which will appear cystic if it is a teratoma
or meningocele (Fig 16a). CT will also dem-
onstrate the sacral osseous defect, and three-
dimensional reconstructions may aid in surgical
planning. The sacral osseous defects may also
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Figure 15. Undifferentiated carcinoma arising from a ma-
ture mediastinal teratoma in a 32-year-old man. (a, b) Axial
contrast-enhanced CT image (a) shows a predominantly cys-
tic anterior mediastinal mass (white arrow) with an eccentric
soft-tissue component (black arrow). Axial fused PET/CT image
at the same level (b) shows a predominantly cystic anterior
mediastinal mass (white arrow), with an eccentric FDG-avid
soft-tissue component (black arrow). Contiguous FDG-avid
tumor thrombus is depicted extending into the left brachio-
cephalic vein (arrowhead in a and b). (c) Axial postcontrast
T1-weighted fat-saturated MR image shows a cystic mass with
a significant enhancing soft-tissue component (arrow) and
nonenhancing cystic component (). The results of a patho-
logic examination confirmed undifferentiated carcinoma aris-
ing within a mature teratoma.

be identified on pelvic radiographs (Fig 16b)
(70). MRI is helpful in evaluating for commu-
nication between a cystic mass and the spinal
canal. Anorectal malformations are best evalu-
ated with contrast-material enema examination
or at MRI (Fig 16¢) (70).

Fetus in Fetu

Fetus in feru is defined as a mass of tissue resem-
bling a fetus located within a fully developed
child or adult. There are two theories regarding
the origin of fetus in fetu, namely that the mass
represents either a highly developed teratoma
or that the mass began as a normal fetus that
was enveloped within its twin during the pre-
natal period. Fetus in fetu usually manifests
with symptoms related to mass effect. The most
common location of fetus in fetu is within the
abdomen in the upper retroperitoneum. Other
sites include the liver, cranium, pelvis, and neck.
These masses typically derive arterial supply
directly from the aorta and are managed with
surgical excision (71,72).

The defining feature of fetus in fetu is the
presence of an axial skeleton, which can be iden-
tified at radiography or CT (Fig 17). CT and
US can further depict soft tissue, fluid, fat, and
calcified components within the mass, although
the ultrasound waves may be hampered by large
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ossified structures. MRI may also be helpful in
evaluation of this mass owing to excellent soft-
tissue contrast enhancement, although MRI is
not as helpful as CT in the evaluation of calci-
fied structures. At excision, well-developed fetal
organs are identified (71,72).

Pseudo-Meigs Syndrome

Meigs syndrome is the association of ascites, pleural
effusion, and an ovarian fibroma. Pseudo-Meigs
syndrome represents a variant of Meigs syndrome,
with a nonfibromatous ovarian tumor. Various ovar-
ian tumors have been reported to cause pseudo-
Meigs syndrome, including metastases and ovarian
teratomas. The pathogenesis of ascites in Meigs and
pseudo-Meigs syndromes is possibly due to tumor
compression of blood vessels and lymphatics lead-
ing to ascites. Other proposed causes for the ascites
include direct transudation of fluid from the tumor
surface, hormonal stimulation, or tumor torsion.
Pleural effusion is thought to occur by the transfer
of ascites through transdiaphragmatic lymphatic
channels into the pleural space (73).

radiographics.rsna.org

Figure 16. Currarino triad in a 4-year-old
girl. (a) Axial contrast-enhanced CT im-
age shows a large cystic presacral mass ().
(b) Radiograph of the pelvis shows sa-
crococcygeal osseous defect (arrows).
(c) Sagittal postcontrast T1-weighted fat-
saturated MR image shows anal atresia ().
The results of a pathologic examination of
the resected presacral mass confirmed a
mature cystic teratoma.

Typical imaging features of Meigs and pseudo-
Meigs syndromes are ascites and pleural effusion,
usually on the right with an associated ovarian
lesion (73,74). Sampling of both peritoneal and
pleural fluid will show identical composition for
both, usually transudative (73). The presence of
recurrent ascites and pleural effusion of unknown
cause in an otherwise healthy woman should
prompt an evaluation for an ovarian lesion at US.

Pancreatitis

Up to 4% of teratomas may contain mature pan-
creatic tissue (75). Although these are typically
pancreatic endocrine elements, pancreatic tissue
with exocrine function may be depicted (76,77).
This mature pancreatic tissue may manifest with an
elevated carbohydrate antigen 19-9 level or hypo-
glycemia (75,76,78,79). As with exocrine pancreas
located elsewhere, pancreatic tissue located within
a teratoma may develop pancreatitis and manifest
with local pain (Fig 18). Imaging findings are non-
specific but may consist of adjacent fat stranding
and fluid, which may mimic rupture or torsion.
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Figure 17. Fetus in fetu. (a) Axial contrast-enhanced CT image shows a mass containing soft
tissue (white arrow), fat (arrowhead), and osseous elements (black arrow) in a fetuslike configura-
tion. (b) Specimen radiograph of the excised mass shows osseous elements, a finding suggestive
of a disorganized axial skeleton. (c) Gross photograph of the excised mass shows muiltiple tissue

types in a fetuslike configuration.

Figure 18. Pancreatitis within a mediastinal teratoma
in a 20-year-old woman presenting with right-sided
chest pressure. Axial contrast-enhanced CT image
shows a thick-walled cystic lesion (x) in the mediasti-
num. The results of a pathologic examination confirmed
hemosiderin surrounding mature pancreatic elements,
with patchy fat necrosis and infiltration by neutrophils,
findings in keeping with pancreatitis within a teratoma.

Conclusion
Germ cell tumors can differentiate into a variety of
tissue types and can exhibit unusual imaging char-
acteristics. It is important to be aware of certain
benign entities while evaluating for potential meta-
static disease, including growing teratoma syn-
drome, ossified metastases, gliomatosis peritonei,
sarcoidlike reaction, and ruptured dermoid cyst.
Furthermore, a large soft-tissue component in a
teratoma suggests either an immature teratoma,
which usually manifests in younger patients, or a
malignant transformation within a mature tera-
toma, which usually manifests in older patients. In
addition, choriocarcinoma syndrome can lead to
diffuse alveolar hemorrhage, subcapsular hema-
toma in the liver, and hemorrhagic shock. Finally,
germ cell tumors may also be associated with rare
endocrine and paraneoplastic syndromes.
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