
MR Imaging–Pathologic
Correlation in Ovarian

Cancer

Erica B. Stein, MDa,b,*, Ashish P. Wasnik, MDa,
Andrew P. Sciallis, MDc, Aya Kamaya, MDd,
Katherine E. Maturen, MD, MSa,e
KEYWORDS

� Ovarian neoplasm � Ovarian cyst � Epithelial ovarian neoplasms
� Serous tubal intraepithelial carcinoma (STIC) � Ovarian germ cell tumor � Sex cord–stromal tumors
� Magnetic resonance imaging

KEY POINTS

� Multiparametric MR imaging can assist in differentiating subtypes of ovarian cancer.

� Very low T2-weighted signal suggests low-grade or benign disorder.

� Macroscopic fat in a lesion suggests mature teratoma as the diagnosis.

� High-grade serous carcinoma of the ovary arises from a precursor in the fallopian tube mucosa,
referred to as serous tubal intraepithelial carcinoma.
INTRODUCTION

The normal ovary contains epithelial, germ cell,
and mesenchymal elements. Each of these cell
types can undergo neoplasia, resulting in a wide
variety of possible tumors arising from a single or-
gan. More than 30 subtypes of ovarian neoplasm
have been described. However, most are in one
of 3 major categories: epithelial, germ cell, or stro-
mal neoplasms. Some cell types give rise to
benign and malignant neoplasms. This article pri-
marily focuses on malignant neoplasms, with
some discussion devoted to low-grade and benign
ovarian masses.

Ovarian cancer may have nonspecific, subtle, or
absent symptoms, and many lesions are detected
incidentally. Thus, it is important to recognize
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concerning imaging features in all types of imaging
studies. Ultrasonography has a primary role in
adnexal mass detection, whereas MR imaging en-
ables characterization of sonographically indeter-
minate masses.1–3 Computed tomography (CT)
and PET/CT do not have a primary role in lesion
characterization, but are important for staging
and follow-up of known ovarian cancer.

With advances in spatial and contrast resolu-
tion, and development of functional imaging tech-
niques including perfusion and diffusion,4 MR
imaging has increasing capacity to distinguish
benign frommalignant adnexal lesions. This article
focuses on MR imaging findings concerning for
neoplasm, the gross and microscopic features
differentiating the subtypes of ovarian malignancy,
and correlation between these.
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MAGNETIC RESONANCE PROTOCOL FOR
ADNEXAL MASS CHARACTERIZATION

Imaging parameters at different institutions vary
according to equipment and local preference, but
the authors consider the followingpulse sequences
to be important in the evaluation of a suspected
ovarianmass. Before imaging, glucagon or another
antiperistaltic agent is beneficial in reducing artifact
from bowel and uterine peristalsis.

� T1-weighted (T1W) images in the axial plane
are obtained without and with fat saturation,
to identify foci of macroscopic fat and differ-
entiate them from hemorrhage. T1W chemical
shift imaging using dual in-phase and
opposed-phase gradient echo (GRE) se-
quences in the axial plane are useful for con-
firming the presence of intralesional lipid and
macroscopic fat.

� T2-weighted (T2W) images in the axial,
sagittal, and coronal planes are obtained
without fat saturation. Multiplanar T2W imag-
ing (T2WI) is essential for optimizing tissue
characterization and differentiating solid
from cystic components. Alternatively, high-
resolution single-plane T2WI can be per-
formed as a three-dimensional acquisition,
lengthening scan time but enabling isotropic
multiplanar reformats. As discussed later,
there is a small subset of adnexal masses
that are intrinsically low signal on T2WI, which
helps narrow the differential diagnosis.

� Multiphase or dynamic contrast-enhanced
T1W images using gadolinium-based intrave-
nous contrast agents are critical to evaluate
vascularity of any soft tissue elements,
including papillary projections, masses and
nodules, or thick septations. Postcontrast im-
aging includes fat-saturated multiphase im-
age acquisitions before contrast, during the
arterial and venous phases, and in 1 or more
delayed phases. Precontrast and postcon-
trast imaging should be performed with iden-
tical coverage and scan parameters to
enable image subtraction, which is of partic-
ular importance in hemorrhagic lesions in
which intrinsic hyperintensity on T1W imaging
(T1WI) can mimic enhancement (Fig. 1). In
some centers, a true dynamic acquisition
through the area of interest is performed, us-
ing multiple short acquisitions (15 seconds)
repeated over a period of 3 to 4 minutes and
enabling visual and quantitative analysis of
enhancement kinetics.1,4,5

� Diffusion-weighted imaging (DWI) performed
at both low and high b values (>b800) has
some utility for characterization of adnexal
masses, and is especially useful in the detec-
tion of drop metastases and peritoneal im-
plants. Both omental cake and peritoneal
deposits often retain high signal intensity at
high b values, increasing the conspicuity of
metastases.5–8 Lymph nodes can also be
more easily detected with the assistance of
high-b-value DWI. Regarding the primary
mass, there is substantial overlap in apparent
diffusion coefficient (ADC) values between
malignant and highly cellular benign lesions,
with false-positives limiting the utility of quan-
titative comparison. However, there are some
specific areas of utility. Fibrous masses with
very low ADC values usually also show low
signal on DWI, suggesting benignity. Further,
masses with benign features on both ADC
maps and DWI are most often benign, and
demonstration of low DWI signal within a
mass may augment diagnostic confidence
when features on other sequences favor a
benign process.9

EPITHELIAL OVARIAN TUMORS

Ovarian cancer is the fifth leading cause of cancer
death in women,10 and most ovarian neoplasms
are epithelial in origin. Serous and mucinous his-
tologies are the predominant epithelial subtypes,
with serous carcinomas being the most common
(60%) and associated with the highest
mortality.11,12

Epithelial ovarian tumors can also be grouped
into 2 broad categories based on genetic lineage:
type I and type II. Type I tumors include low-grade
serous carcinoma (LGSC), and low-grade endo-
metrioid, clear cell, and mucinous carcinomas, all
of which are slow growing and develop from
well-established precursor lesions. In general,
type I tumors present as large masses confined
to the ovary, have an indolent course, and have a
good prognosis.13 In contrast, type II tumors
tend to present at advanced stage with a poorer
prognosis. Type II tumors include high-grade se-
rous carcinoma (HGSC), high-grade endometrioid
carcinoma, carcinosarcoma, and undifferentiated
carcinomas. At a molecular level, type I tumors
are fairly genetically stable, whereas type II tumors
are highly unstable, with p53 mutations present in
greater than 95% of cases.13,14

Serous Cystadenoma, Borderline Tumor, and
Adenocarcinoma

Serous cystadenoma and cystadenofibroma are
strictly benign lesions. They are usually smooth
walled and unilocular with minimal papillary ex-
crescences (Fig. 2). Serous borderline tumor,



Fig. 1. A 74-year-old woman with long-standing endometrioma. MR imaging was ordered to evaluate for any
evidence of neoplastic transformation. (A) Precontrast T1WI plus fat saturation (FS) shows a lobulated, very-
high-signal right adnexal lesion (arrow) containing hemorrhagic products. (B) This area remains high signal (ar-
row) on postcontrast T1WI 1 FS and enhancement is difficult to evaluate. (C) Subtraction imaging shows a
matched low-signal area (arrow), indicating lack of enhancement.
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LGSC, and HGSC have increasing degrees of
cytologic atypia, and, particularly in the case of
HGSC, mitotic activity. The serous cells consti-
tuting each subtype closely resemble fallopian
tube epithelium, and can contain numerous cili-
ated cells in cases of cystadenoma/cystadenofi-
broma, serous borderline tumor, and LGSC.
Most frankly malignant serous tumors involve
Fig. 2. A 54-year-old woman with benign serous cystaden
small enhancing mural nodules at the lateral aspect of an
examination, multiple small, noncomplex papillations were
such as this one. (hematoxylin-eosin, original magnificatio
both ovaries pathologically, although 1 or both
may be normal in size by imaging. These cancers
are typically mixed cystic and solid, and the
amount and complexity of the solid tissue corre-
lates with risk of malignancy. Classic papillary ar-
chitecture and psammomatous calcifications can
be appreciated by imaging and under the micro-
scope. These 3 subtypes are discussed later.
oma. (A) Axial fat-saturated T1WI with contrast shows
otherwise cystic right ovarian mass. (B) At pathologic
noted, some containing psammomatous calcifications
n �20).
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Serous borderline tumors are thought to
develop from neoplastic transformation of se-
rous cystadenomas, usually through acquisition
of either BRAF or KRAS mutations.15 In general,
these tumors are characterized by slow growth
with overall excellent prognosis. These tumors
usually form cysts containing intracystic excres-
cences that resemble broad-based papillary
buds. These buds are often branched and are
composed of fibrotic stroma lined by serous
epithelium, subsets of which are ciliated. They
can also form fine papillary soft tissue elements
within cysts not supported by stromal buds.
The serous epithelial cells may invade into
ovarian stroma; however, the invasive areas are
small and focal by definition (<5 mm in greatest
dimension).16 Although it was originally intro-
duced as a provisional category between cysta-
denoma and carcinoma, “borderline” is now a
formal pathologic designation rather than an
indication of uncertainty.17 Borderline serous
carcinoma can manifest with peritoneal implants
(Fig. 3) and metastatic lymphadenopathy in 35%
and 27% of patients respectively.18,19 Regard-
less, the 10-year survival of patients with serous
borderline tumor remains high at 96% to
100%.17

The pathogenesis of LGSC is also unclear but
cases may develop from serous borderline tu-
mors. These tumors share similar pathologic and
molecular features (eg, KRAS mutations) with se-
rous borderline tumors, and tend to have a better
prognosis than HGSC given their indolent growth,
possibly secondary to lack of p53 mutations.18

LGSC are well differentiated, frequently contain
calcifications, and maintain a cystic and papillary
architecture with little necrosis, evident both on
MR imaging and gross pathologic examination.
At imaging, these tumors are often large, complex,
cystic masses with well-marginated septa and
solid components, potentially distinguishable
from HGSCs when contralateral masses, ascites,
omental caking, and lymphadenopathy are
absent.
Terminology regarding LGSC has historically

been confusing because cases can closely
resemble borderline tumors, and thus pathologic
discrimination can be difficult. In general, LGSC
is reserved for cases in which the primary tumor
shows definitive stromal invasion (�5mm).20 How-
ever, noninvasive forms of LGSC, characterized by
areas of confluent epithelial growth (�5 mm) but
without stromal invasion, are also recognized by
gynecologic pathologists. Pathologic terminology
in these cases is especially confusing because
the terms noninvasive LGSC and serous border-
line tumor, micropapillary/cribriform variant, are
regarded as equivalent. In addition, transformation
of LGSC to HGSC is a very rare phenomenon.21

HGSC are type II tumors frequently associated
with early p53 mutations. Although most BRCA-
related hereditary ovarian cancers are HGSCs,18

BRCA mutation carriers have a better prognosis
than women with sporadic ovarian HGSCs.17 In
general, these are very aggressive tumors that
often present at advanced stage with overall
poor prognosis. It is now well established that
HGSC of the ovary arises from a precursor in the
fallopian tube mucosa, or at least tubal-type
epithelium, rather than from low-grade lesions of
the ovary itself. The precursor lesion in the fallo-
pian tube is referred to as serous tubal intraepithe-
lial carcinoma (STIC). Further supporting the
connection, STIC is absent in nonserous ovarian
carcinomas, such as mucinous and endometrioid
types.22,23 At imaging, HGSCs often appear as
complex cystic masses with solid components
(Fig. 4), but some are completely solid.24 There is
rapid intracoelomic spread, with peritoneal and
multiorgan surface involvement sometimes even
in the context of normal-sized or minimally
enlarged ovaries. The origin of HGSC in the fallo-
pian tube could help explain the high incidence
of peritoneal disease at time of diagnosis.
Mucinous Cystadenoma, Borderline Tumor,
and Adenocarcinoma

In contrast with the bimodal lineage of serous tu-
mors, ovarian mucinous neoplasms probably
progress sequentially from cystadenoma, to
borderline, to carcinoma. This process has been
theorized given the presence of adenoma, border-
line, and carcinomatous components in cases of
mucinous carcinoma, as well as identical KRAS
mutations in each component.25 Overall,
mucinous neoplasms are the second most com-
mon ovarian epithelial neoplasm. On histology,
most mucinous neoplasms are benign or border-
line (80%), with carcinoma representing a small
fraction.17 In contrast with serous tumors, which
are commonly bilateral, most ovarian mucinous tu-
mors are unilateral. These tumors may attain a very
large size while remaining benign.
Mucinous cystadenoma is predominantly cystic

at imaging, unilocular, multilocular, or with multiple
thin, smooth septations (Fig. 5). On histology, the
epithelial cells lining the cysts comprise a popula-
tion of well-differentiated mucinous cells arranged
in a simple, nonstratified pattern. There is some
variation in the appearance in the epithelial cells,
with some resembling colorectal mucosa
(including goblet cells), small intestine (sometimes
featuring Paneth cells), or upper gastrointestinal



Fig. 3. A 24-year-old woman with serous borderline tumor and noninvasive peritoneal implants. (A, B) Sagittal
T2WI shows ascites, exophytic but orderly papillary soft tissue arising from the left ovary (arrow, A), and a small
amount of abnormal soft tissue adherent to the right ovary (arrow, B). (C) Postcontrast imaging confirms enhance-
ment (arrow). (D) There aremultiple fibrotic intracystic papillations (black arrows) within a cyst. These excrescences
are lined by cells resembling fallopian tube epithelium. Calcifications are common (red arrows). (hematoxylin-
eosin, original magnification �20). (E) Extraovarian implants took the form of noninvasive nodules that appeared
to be stuck on to the peritoneal surfaces, with internal nodular excrescences (black arrows) identical to the primary
tumor. Calcifications are also present (red arrows). (hematoxylin-eosin, original magnification �40).
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pyloric mucosa. It had been thought that ovarian
mucinous cystadenomas could also contain
endocervical-type (müllerian) mucinous epithe-
lium, but it is likely that these are mucinous cells
of an upper gastrointestinal phenotype mimicking
endocervical epithelium. Seromucinous ovarian
neoplasms are likely to be fundamentally different
frommucinous cystadenomas, because the former
often arise in a background of endometriosis,
which is an uncommon phenomenon in ovarian
mucinous tumors.26 Mucinous borderline tumors
are usually large, with smooth capsules and no
grossly evident papillations/excrescences. As
such, they are likely to be indistinguishable from
mucinous cystadenoma by imaging, because
both tumors may be multicystic and large. Micro-
scopically, mucinous borderline tumors are also
composed of gastrointestinal-type epithelium,



Fig. 4. A 74-year-old woman with high-grade papillary serous carcinoma. (A) Axial T2WI shows an irregular mass
with substantial solid components (arrow) in the left pelvis. (B) Postcontrast T1WI shows enhancement of most of
the mass as well as direct involvement of adjacent sigmoid (arrow). (C) DWI (b5 800) shows high signal within the
mass. (D) Although high-grade serous carcinoma can form papillary structures, it can also form dense nodules
with rare papillae (black arrow). (hematoxylin-eosin, original magnification �40).
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usually with a colorectal or intestinal appearance.
The pathologic diagnosis of mucinous borderline
tumor is rendered when proliferative areas
comprise greater than 10% of the epithelial vol-
ume27; compared with mucinous cystadenoma,
borderline tumors have a greater amount of the
epithelial component, which manifests as closely
packed cells with architectural complexity (micro-
scopic tufting). Similarly, mucinous borderline
tumors also tend to show a greater degree of cyto-
logic atypia compared with cystadenomas.
Mucinous borderline tumors can show striking nu-
clear atypia to the point at which there is intraepi-
thelial carcinoma (mucinous borderline tumor with
intraepithelial carcinoma), and microinvasion
may also be present (by definition, the invasive
foci must be small, measuring <5 mm in greatest
linear extent). The long-term disease-related
survival nears 100%, even in patients with intraepi-
thelial carcinoma, because older descriptions
of so-called invasive mucinous borderline
tumors are now thought to most likely repre-
sent metastases from the gastrointestinal
tract. There are insufficient data regarding the
behavior of mucinous borderline tumors with
microinvasion.
Mucinous adenocarcinoma is also cystic, but

shows thick, nodular septa. Historically, the preva-
lence of invasivemucinous tumors was significantly
overestimated, because mucinous gastrointestinal
metastases to the ovary are now known to be
much more common than primary mucinous
ovarian carcinoma.17,28 Classically, metastases
are usually bilateral, whereas primary invasive
mucinous cancer is usually unilateral. However,
metastases can present clinically as a unilateral
ovarian mass with bilateral involvement only
encountered microscopically. In contrast with
benign mucinous tumors, cystadenocarcinoma
shows frank ovarian stromal invasion microscopi-
cally. Metastatic tumors to the ovary are usually
smaller than primary ovarian tumors but, similarly
to laterality, the range of size in metastatic cases
is broad and overlaps with primary ovarian tu-
mors.29 Gross or radiographic ovarian surface
involvement and presence of extraovarian disease
(including clinical pseudomyxoma peritoneii
[PMP]) at presentation should also prompt



Fig. 5. A 55-year-old woman with mucinous cystadenoma. (A) T2WI 1 FS shows a dominant cystic mass in central
pelvis with multiple thin, smooth septations. (B) Postcontrast T1WI 1 FS shows enhancement of these fine septa-
tions, but no nodular elements. (C) Low-power image shows a multilocular cystic tumor with thin septations. (he-
matoxylin-eosin, original magnification �20). (D) Higher-power image shows a thin, bland, mucinous epithelium
with no nuclear atypia. (hematoxylin-eosin, original magnification �100).
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investigation for a nongynecologic primary. Primary
ovarian mucinous adenocarcinomas are character-
ized by destructive stromal invasion (>5mm) and/or
expansile epithelial growth, the latter defined
by confluent glands with little intervening stroma.
Mucinous adenocarcinoma may also show
mural nodules grossly and radiographically charac-
terized by solid growths arising adjacent to orwithin
cysts. Microscopically, these mural nodules often
manifest as an infiltrative proliferation of poorly-
differentiated carcinoma cells (anaplastic carci-
noma) or cells resembling a sarcoma (sarcomalike
mural nodule). All 3 patterns may exist in the
same tumor, and all carry a risk for recurrence.30

The pattern of spread differs from serous cancer,
because there is less transcoelomic growth along
the peritoneal surfaces.17 Instead, invasive
mucinous cancers tend to invade into the abdom-
inal wall and metastasize to solid organs (liver and
spleen). PMP is a clinical term for a specific type
of intraperitoneal disease that is usually secondary
to a nongynecologic mucinous tumor (eg, metasta-
tic appendiceal mucinous neoplasm).31,32 Cases of
PMPmaymanifest as abundant extracellular mucin
with a minority of bland gastrointestinal-type
epithelial cells, and symptoms are usually related
to tumor bulk.
Endometrioid Ovarian Carcinoma

Endometrioid ovarian cancer is associated with
long-standing endometriosis, and endometriomas
and endometriotic cysts are probably its benign
precursors. After serous carcinoma, endometrioid
is the second most common type of ovarian carci-
noma, although mucinous tumors (usually benign)
are more common overall. The risk of malignancy
is proportional to size of endometriotic deposit
and patient age. In some series, endometriosis in
the same ovary or elsewhere in the pelvis is
observed in up to 42% of cases.33 Endometrioid
ovarian adenocarcinoma is associated with micro-
satellite instability, usually via loss of MLJ1 or
MLH2 expression, and can be seen in patients
with Lynch syndrome.34,35

Endometrioid neoplasms of the ovary also
follow a benign, borderline, and malignant
subclassification scheme. Specifically, these
include endometrioid adenofibroma, atypical pro-
liferative (borderline) endometrioid tumor, and
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endometrioid adenocarcinoma. Because of its
clear association with endometriosis, there are
various other lesions that, although not represen-
tative of outright carcinoma, are atypical enough
to earn designations as atypical endometriosis.
This term has been used in endometriotic cysts
lined by cytologically atypical cells, as well as
cases of endometriosis with features identical to
those seen in atypical endometrial hyperplasia.
Endometrioid adenocarcinoma is usually a
smooth-walled, multiseptate cystic mass contain-
ing blood products, variable amounts of fibrotic
stroma, and friable soft tissue elements on gross
examination that manifest on MR imaging as
enhancing intracystic soft tissue components
(Fig. 6). Thus, it is important to carefully assess
for the presence of enhancement within all endo-
metriomas. Microscopically, these tumors closely
resemble their counterparts in the endometrium.
Most of these tumors are low grade, resembling
FIGO (International Federation of Gynecology
and Obstetrics) grade 1 endometrial endometrioid
Fig. 6. A 57-year-old with endometrioid ovarian cance
circumscribed cystic mass with hemosiderin rim (arrow) and
component of the mass is very high signal (arrow) on prec
terior solid component enhances heterogeneously (arrow
cords of tissue forming endometrial-type glands, intersp
original magnification �100).
adenocarcinoma; however, grading of endome-
trioid ovarian carcinoma is controversial. Although
these tumors are histologically malignant, most
present as early-stage unilateral tumors confined
to the ovary without extraovarian disease.
Approximately 40% of women with endome-

trioid ovarian carcinoma have synchronous endo-
metrial hyperplasia and approximately 15% to
20% present with concurrent endometrial carci-
noma.17,36 Differentiating ovarian metastasis from
an endometrial primary versus synchronous pri-
maries can be difficult. Often, pathologic features
such as the depth of invasion in the endometrial
primary, grade of the endometrial tumor, size of
the ovarian lesion (larger ovarian tumors at presen-
tation are thought to be more indicative of a syn-
chronous primary rather than metastasis),
presence of endometriosis in the ovarian tumor,
presence of pelvic or lymph node disease (pelvic
disease is more indicative of metastasis of an
endometrial primary), and presence of lymphovas-
cular space invasion in the uterus can help
r arising in endometriosis. (A) T2WI shows a well-
large internal solid component. (B) The anterior cystic
ontrast T1WI because of blood products. (C) The pos-
) on postcontrast T1WI. (D) Microscopic image reveals
ersed with large vascular spaces. (hematoxylin-eosin,



MR Imaging–Pathologic Correlation in Ovarian Cancer 9
reconcile this issue. However, some cases may
still pose a diagnostic dilemma, even with molecu-
lar genetics, because endometrioid tumors of the
ovary and endometrium share many similar molec-
ular abnormalities. For radiologists, it is important
to evaluate the endometrial stripe in all patients
with ovarian cancer given the associations with hy-
perplasia and carcinoma (Fig. 7).

Clear Cell Ovarian Carcinoma

Like endometrioid ovarian cancer, clear cell carci-
noma of the ovary is also associated with endome-
triosis. It almost always manifests as a carcinoma,
and borderline tumors (clear cell borderline tumor)
are very rare. Clear cell carcinoma of the ovary
usually presents with disease confined to the
ovary. The imaging appearance is usually cystic,
often with coexisting endometriosis; however,
some manifest grossly and radiographically as
solid masses. On histology, these tumors are char-
acterized by glycogen-containing clear cells and
so-called hobnail cells with various architectural
patterns, including tubulocystic, solid, and papil-
lary, either arising within a cyst or as an adenofi-
bromatous mass.24

Brenner (Transitional Cell) Tumor

Overall, transitional cell tumors constitute up to
10% of ovarian epithelial tumors, almost all of
which are benign.17 The name arises from the his-
tologic resemblance to urothelium; however,
despite the appearance, the epithelium likely rep-
resents a metaplastic transformation of müllerian
epithelium. Most are small, solid, fibrous, and inci-
dentally detected at imaging. The gross appear-
ance is a well-circumscribed solid mass with
Fig. 7. A 48-year-old woman with synchronous endometri
carcinoma. The endometrial mass (and right obturator no
tures: (A) intermediate signal intensity between normal e
signal on DWI.
correlative MR features of low signal on T2WI
and DWI (Fig. 8). The rare high-grade variant is
both solid and cystic, and behaves much like a
high-grade serous tumor. Malignant Brenner tu-
mors are rare, and although patients with disease
confined to the ovary have an excellent prognosis,
studies of cases with extraovarian disease are
lacking.37

Mixed Epithelial Tumor

Many carcinomas show areas of varying
morphology but are named according to the domi-
nant pattern; for example, a serous carcinoma with
clear cell features. However, when 2 or more
epithelial cell types each make up 10% of the total
tumor volume, it is designated a mixed epithelial
tumor. Epithelial cancers with mixed histology
are treated according to the most aggressive cell
type unless it constitutes only a very small per-
centage of the whole. This degree of microscopic
nuance is beyond the capacity of MR imaging to
capture, and these tumors present as mixed cystic
and solid lesions like other epithelial carcinomas.

Carcinosarcoma (Malignant Mixed
Mesodermal/Müllerian Tumor)

Ovarian carcinosarcoma is rare, accounting for
1% to 2% of ovarian epithelial malignancies. It is
pathologically identical to uterine carcinosarcoma,
and is characterized by an often haphazard
mixture of epithelial and sarcomatoid compo-
nents. The epithelial component tends to manifest
as HGSC but other histologic types can be seen.
The sarcomatoid component is classified as ho-
mologous when it has a nonspecific sarcomalike
spindle cell appearance lacking morphologic
oid ovarian carcinoma and endometrioid endometrial
de) and left ovarian mass show identical imaging fea-
ndometrium and myometrium on T2WI, and (B) high



Fig. 8. A 48-year-old woman with incidentally detected Brenner tumor. (A) Axial T2WI shows a rounded
mass in the left adnexa (arrow) that shows homogeneous low signal. (B) Axial T1WI postcontrast shows
enhancement of the left adnexal mass (arrow). (C) Axial T1WI delayed postcontrast shows progressive accumu-
lation of contrast in the left adnexal mass (arrow).
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features of a particular line of differentiation, or
heterologous when there is skeletal muscle (rhab-
domyosarcomatous), cartilaginous (chondrosar-
comatous), bone (osteosarcomatous), or other
lines of differentiation.38 Ovarian carcinosarcomas
often present as large masses (15–20 cm) with
extraovarian disease. The relative amount of carci-
nomatous and sarcomatoid components can vary
considerably, and some cases show focal sarco-
matoid areas, whereas others have only a few
epithelial structures. This variability can render
pathologic classification difficult, because carci-
nosarcoma is considered fundamentally a high-
grade carcinoma rather than sarcoma, and thus
would have therapeutic ramifications.39 Imaging
may show complex masses with mixed internal
signal characteristics (Fig. 9), but there are few
specific or distinctive features.
GERM CELL OVARIAN TUMORS

Malignant ovarian germ cell tumors (GCTs) tend to
arise in younger women than do ovarian epithelial
carcinomas. Some grow very rapidly and many
elaborate serum tumor markers such as alpha-
fetoprotein (aFP) and human chorionic gonado-
tropin (hCG) that are helpful for both diagnosis
and monitoring. In contrast with the cyst with
mural nodule morphology typical of the epithelial
category, GCTs often show solid components
with elements of hemorrhage and necrosis. How-
ever, with the exception of fat in teratomas, there
are few specific MR imaging features enabling
distinction between the tumor cell types within
the GCT category.
Dysgerminoma

Dysgerminoma is the most common malignant
ovarian GCT. It is considered the ovarian equiva-
lent of testicular seminoma and can sometimes
be associated with gonadal dysgenesis. There is
usually no increase in aFP level and hCG level is
rarely increased. Dysgerminomas occur bilaterally
in 10% to 15% of cases and may metastasize to
retroperitoneal lymph nodes.40 At gross inspec-
tion, the tumor is often well encapsulated, solid,
and large; mean diameter is 15 cm. When
sectioned, the tissue is lobulated, soft, fleshy,
and white to tan in color.41,42 There may be foci
of necrosis, calcifications, or hemorrhage, with or
without cystic changes. At histology, the tumor
cells are separated by fibrous or fibrovascular
septa often containing mature lymphocytes.



Fig. 9. A 58-year-old woman with carcinosarcoma (also called malignant mixed mesodermal tumor). (A) Sagittal
T2WI shows minimally complex ascites and a large intermediate-signal mass extending inferiorly from the intact
right ovary. (B) Postcontrast T1WI confirms heterogeneous enhancement of this mass. (C) Microscopic image re-
veals a biphasic mass with epithelial elements (purple glandular structures) in the upper half of the image and
mesenchymal elements, including cartilage, in the lower half of the image. (hematoxylin-eosin, original magni-
fication �40).
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Accordingly, the characteristic imaging appear-
ance is a multilobulated solid mass with promi-
nent fibrovascular septa. At MR, the septa
appear as hypointense lines at T2WI and may
show postcontrast enhancement. The solid
component often shows low signal on T1WI rela-
tive to muscle and is isointense or slightly hyper-
intense on T2WI.41,43,44 The necrosis,
calcifications, hemorrhage, and cystic changes
that can be seen at gross inspection are also
commonly seen at MR.
Yolk Sac Tumor (Endodermal Sinus Tumor)

The second most common ovarian germ cell tu-
mor, yolk sac tumor is notable for its very rapid
growth and early spread to the abdominopelvic
cavity. Yolk sac tumor is often associated with
increased aFP. At gross inspection, the tumors
often have mixed solid and cystic components.
The solid component is soft gray to yellow, with
areas of hemorrhage and necrosis. The cystic
components are typically diffusely scattered
throughout the tumor, giving it a honeycombed/
meshlike appearance.41 Like its testicular counter-
part, ovarian yolk sac tumor can show a variety of
microscopic appearances, the most common of
which is proliferation of cells with clear cytoplasm
arranged in a loose, microcystic network with
numerous blood vessels. It is a notorious mimic
of other ovarian tumors, particularly clear cell car-
cinoma. The tumors are usually pure but can
coexist with other germ cell components
(including teratoma). Increased incidence of
capsular tears has been observed with yolk sac tu-
mors both at surgery and pathology, possibly
owing to the very rapid growth rate.

At MR, tumors are typically large and unilat-
eral, containing enhancing solid components
and cystic components. Foci of internal hemor-
rhage and necrosis may be present. The imaging
features are not particularly specific, but radiolo-
gists should consider a yolk sac tumor in a
younger woman with a unilateral predominantly
solid ovarian mass and increased serum aFP
level.
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Immature Teratoma

Immature teratoma is the third most common ma-
lignant ovarian GCT, but only constitutes 1% of all
teratomas. The peak incidence is in the teen years,
with median age of presentation 17 years. Malig-
nant degeneration of a mature cystic teratoma is
very rare (<1%) and peaks at age 60 to 70 years.41

Serummarkers are usually negative, but increased
aFP level has been reported.42 Like mature cystic
teratomas, immature teratomas contain 2 to 3 em-
bryonic layers, but with primitive elements inter-
mixed. The primitive elements usually manifest
as variable amounts of immature neuroepithelium.
Grading of these tumors depends on the amount
of the immature component, with grade 1 tumors
containing only rare foci and grade 3 tumors
showing large amounts occupying greater than 3
low-power (40�) fields.45 These tumors tend to
be unilateral and large. At MR, they often appear
as a heterogeneous mass with predominantly solid
or mixed solid and cystic lesions (Fig. 10). Foci of
macroscopic fat and calcifications are common.
Fig. 10. A 24-year-old woman with immature teratoma, w
hydronephrosis. (A) Axial contrast-enhanced CT (CECT) sho
row). (B) Sagittal CECT confirms the large size and calcific
imal hemorrhage (arrows). (D) Sagittal T2WI shows a larg
Embryonal Tumor

This rare tumor generally presents in children and
adolescents. The tumor is generally unilateral, large,
andpredominantly solid.41BothaFPandhCG levels
canbe increased. At gross pathology andMR imag-
ing, the average size is 17 cm, with extensive areas
of hemorrhage andnecrosis andcystic spaces con-
tainingmucoidmaterial (Fig. 11). The tumors tend to
have a smoothouter surface.At histology, the tumor
comprises a proliferation of high-grade, poorly
differentiated cells with epithelial differentiation.
The tumor is rarely pure and often appears mixed
with other malignant germ cell types.42
Choriocarcinoma

Non gestational choriocarcinoma is rare and has a
worse prognosis than malignant gestational
trophoblastic disease (GTD). Like benign GTD,
choriocarcinoma is associated with increased
hCG level. At microscopy, a mixture of multinucle-
ated syncytiotrophoblastic and mononuclear
ho presented with abdominal swelling and bilateral
ws a large partially cystic mass with calcifications (ar-

ations (arrows). (C) Axial precontrast T1WI shows min-
e mass with cystic and solid (arrow) elements.



Fig. 11. A 25-year-old woman with embryonal tumor of left ovary. (A) Axial T2WI shows pelvic ascites and a multi-
loculated mass with some low-signal linear areas suggesting hemosiderin from prior hemorrhage. (B) Axial T1WI
postcontrast shows enhancement of thick, irregular septa.
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cytotrophoblastic cells surrounding hemorrhage
is the most common appearance.41 The presence
of the mononuclear cytotrophoblastic compo-
nent is vital to diagnosis, because scattered
Fig. 12. A 50-year-old woman with adult granulosa tumo
T2WI through theovarianmass shows innumerable cystic spa
contrast T1WI shows spongiform enhancement. (C) Axial T
metric thickening of anterior myometrium with multiple tin
This finding and the accompanying endometrial hyperpla
high levels of estrogen secreted by the granulosa cell tum
(D) Gross specimen (bivalved ovary) has multiple blood-fille
syncytiotrophoblastic cells can be seen in other
nonchoriocarcinomatous GCTs, such as dysger-
minoma. At cross-sectional imaging, nongesta-
tional choriocarcinoma is often a highly vascular
r, adenomyosis, and endometrial hyperplasia. (A) Axial
ces, somewith layeringbloodproducts (arrow). (B) Post-
2WI through the enlarged uterus shows marked asym-
y subendometrial cysts, compatible with adenomyosis.
sia noted at pathology are likely attributable to the
or and the frequent presentation of vaginal bleeding.
d cysts, in correlation with the MR appearance.



Fig. 13. A 55-year-old woman with both a right ovarian fibroma and a fibroid uterus. (A) Coronal T2WI shows a
very-low-signal, well-circumscribed right ovarian mass (arrow) and an enlarged uterus with intermediate to low
signal intensity. (B) Microscopic image shows a solid, circumscribed mass with a storiform architecture. (hematox-
ylin-eosin, original magnification �20).
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solid mass. At MR, signal voids at T2WI may be
seen, representing vascular structures. Central
cystic cavities and/or hemorrhage may also be
present.
Fig. 14. A55-year-oldwomanwith Leydig tumor and clinical
hypertrophy and a small, mixed-signal right ovarian mass (a
testosterone,which is peripherally converted to estrogen and
enhances avidly on postcontrast T1WI. (C) Microscopic sectio
eosinophilic concentric perivascular fibrin deposition (arrow
Mixed Germ Cell Tumor

Mixed GCTs are much less common in the ovary
than in the testis. Dysgerminoma and yolk sac
virilization. (A) Coronal T2WI showsmassivemyometrial
rrow). The ovarian mass is a Leydig tumor and secretes
results in theuterine enlargement. (B) Themass (arrow)

n shows a solid, vascular tumorwith characteristic vividly
s). (hematoxylin-eosin, original magnification �40).
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tumor are the most common elements. As
with mixed epithelial cancers, the more aggres-
sive cell type dictates therapy and prognosis.
There are no specific imaging criteria for mixed
GCTs, because the tissue composition can
vary. When immature teratoma elements are pre-
sent, intralesional fat and/or calcifications may be
present.

SEX CORD–STROMAL OVARIAN TUMORS

Sex cord–stromal tumors (SCSTs) arise from the
soft tissue matrix that surrounds and supports
the germ cells. Many SCSTs produce steroids
and present with estrogenic or androgenic clinical
syndromes, although they are often benign or of
low malignant potential. Although SCSTs account
for only 7% of malignant ovarian neoplasms, they
constitute 90% of all hormonally functioning
ovarian neoplasms.46

Granulosa Cell Tumor

There are 2 discrete clinical subtypes: adult (95%)
and juvenile (5%) granulosa tumor, with the latter
occurring almost exclusively in children and ado-
lescents (girls and teens). Estrogenic effects are
Fig. 15. A 30-year-old woman with Sertoli-Leydig tumor
vaginal spotting. (A) Axial T2WI shows a heterogeneous r
contrast T1WI shows a predominantly hypointense mass.
nents. (D) ADC map shows focal areas of low signal confi
common and include precocious puberty in girls,
and vaginal bleeding caused by endometrial hy-
perplasia in women. Microscopically, juvenile
granulosa cell tumors show a nodular and diffuse
proliferation of cells without cytoplasmic grooves.
Often there are folliclelike spaces filled with light
pink fluid. The cells are mitotically active and
can resemble high-grade epithelial tumors. Adult
granulosa cell tumors are composed of ovoid
cells with variable amounts of cytoplasm and
prominent longitudinal nuclear grooves resem-
bling coffee beans, sometimes forming glandlike
structures called Call-Exner bodies. Like some
ovarian epithelial tumors, adult granulosa cell tu-
mors can show variable architectural patterns,
including solid, nested, cystic, macrofollicular,
and microfollicular types. Granulosa cell tumor
often presents at an early stage of the disease
with excellent long-term prognosis. However, it
does have a unique feature of recurrence after
prolonged intervals of years to decades. Both
types are often unilateral and large. At gross path-
ologic examination and MR, the tumors have a
characteristic spongelike appearance with solid
areas and multicystic blood-filled spaces
(Fig. 12).
, who presented with abdominal pain and ongoing
ight ovarian mass with mixed signal intensity. (B) Pre-
(C) Postcontrast T1WI shows enhancing solid compo-
rming impeded diffusion.
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Thecoma-Fibroma Tumors

Thecoma-fibroma tumors are a spectrum that in-
cludes thecomas, fibrothecomas, and fibromas.
Ovarian thecoma and fibroma are pure stromal tu-
mors. Thecomas consist of lipid-laden stromal
cells analogous to those seen with ovarian folli-
cles. These cells are endocrinologically functional
and can produce estrogen, explaining the frequent
presentation of vaginal bleeding. Fibroma is the
most common sex cord tumor and can occur in
both premenopausal and postmenopausal
women. Fibromas and tumors with fibroma ele-
ments arise from spindle collagen-producing cells
and are rarely associated with hormone produc-
tion.42 Fibromas have a solid appearance at imag-
ing with prolonged enhancement that depends on
the amount of fibrous content. Classically, these
solid tumors are typically low signal on T1WI and
very low signal on T2WI (Fig. 13) because of their
collagen content. Dense calcifications can be
seen as well. Large tumors can be associated
with Meigs syndrome, which is characterized by
ascites and right-sided pleural effusion. It is com-
mon for tumors to have areas resembling both the-
coma and fibroma, and many are classified as
fibrothecoma. Malignant ovarian pure stromal tu-
mors manifest as fibrosarcoma, are very rare,
and portend a poor prognosis.

Sertoli and Sertoli-Leydig Tumors

Sertoli cell tumors average 9 cm in size and are
typically solid. They present with estrogen excess.
Leydig cell tumors are rare, varying widely in size,
and most commonly present with virilization
caused by androgen excess. When small they
may be detectable only as a hyperenhancing focus
in an otherwise normal ovary. Even at very large
sizes, they have low malignant potential and favor-
able long-term outcomes. Often the two cell types
are intermixed, and the imaging appearance is var-
iable.47 Most commonly, the tumor is a well-
defined, enhancing solid mass with intratumoral
cysts (Figs. 14 and 15). T1W and T2W signal inten-
sity depends on the amount of fibrous content,
and the low T2WI signal characteristic of fibromas
is not characteristically seen.

DISCUSSION/SUMMARY

The variety of ovarian cancer subtypes gives rise
to a range of gross and MR appearances. Howev-
er, some fundamental concepts extend across
multiple histologies and can provide guidance to
radiologists. First, the presence of lipid within a
lesion usually indicates a mature teratoma and a
benign histology. If there are dominant or invasive
enhancing components, an immature teratoma is
possible, but is most common in younger women
and girls. Malignant degeneration of mature tera-
toma is very rare and is generally squamous cell
carcinoma arising in a postmenopausal woman.
Second, very low signal on T2WI is a favorable
prognostic sign because it is associated with
benign fibromas, exophytic fibroids, and occa-
sionally Brenner tumors. In the absence of fat or
reassuringly low signal on T2WI, most other pre-
dominantly solid masses usually need surgical
removal for diagnosis, particularly in the setting
of any internal hemorrhage or necrosis. Third, uni-
locular cystic masses with 1 or a few purely endo-
phytic mural nodules are usually benign
cystadenomas and cystadenofibromas. These
masses grow slowly if at all, and can safely be
observed in poor operative candidates. Fourth,
serous borderline tumors, LGSC, and HGSCs
arise in a separate and more aggressive lineage.
They are poorly differentiated from one another
by imaging but clinical suspicion for aggressive
malignancy should increase in the presence of
soft tissue papillations that are multiple, large, or
exophytic; bilateral masses; confluent tumor
cloaking adjacent structures such as fallopian
tubes; and ascites. Fifth, the presence of sub-
stantial blood products within a lesion often
means endometriosis, but any enhancing compo-
nents within an endometriotic cyst should be
viewed with suspicion because they may indicate
secondary neoplasia.
In general, the gross pathologic appearance of a

mass most closely correlates with the imaging
appearance, but the superior contrast sensitivity
of MR enables depiction of both gross and micro-
scopic tissue constituents. Contemporary MR im-
aging has the capacity to characterize and risk
stratify ovarian masses, and radiologists aware of
the range of ovarian cancer histologies can play
an important role in clinical decision making and
patient management.
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