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ABSTRACT

Despite the advances in medicine over the past decades,
ovarian cancer remains a major clinical and radiologi-
cal challenge worldwide, with the highest mortality rate
among gynaecologic malignancies. Modern histopatho-
logical and molecular genetic studies contributed to un-
derstand the pathogenesis of ovarian cancer, which now
includes a heterogeneous group of malignant epithelial tu-
mours that share the same origin as tubal cancer and peri-
toneal primary cancer. Based on this knowledge, the Inter-
national Federation of Gynaecology and Obstetrics (FIGO)
staging system was revised in 2014, providing better prog-

N0,

KEY WORDS

-

CORRESPONDING
AUTHOR,
GUARANTOR

nostic information and reinforcing personalised man-
agement of ovarian cancer. In accordance, there are now
evidence-based imaging recommendations that provide ac-
curate characterisation of adnexal masses that all radiolo-
gists should be aware of. Accurate mapping of tumour bur-
den and distribution of disease by imaging plays a central
role in treatment stratification and in predicting the suc-
cess of cytoreductive surgery. The purpose of this article is
to review the clinicopathological characteristics of ovarian
cancer and their impact on radiological assessment, staging
and therapeutic approach.
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1. Introduction

Ovarian cancer is the seventh most common type of
cancer in women but represents the fourth most com-
mon cause of cancer death in women, having the high-
est mortality rate among gynaecologic malignancies
[1]. Ovarian cancer is often clinically silent and about
75% of women present with advanced-stage disease
and metastatic spread beyond the pelvis [2]. More-
over, ovarian masses are a common finding in daily
practice, incidentally detected or identified in symp-
tomatic patients. Fortunately, most of ovarian mass-
es correspond to benign lesions, mainly functional or
haemorrhagic cysts. However, differentiating ovarian
masses is frequently not easy and the clinical impact
of defining whether an adnexal mass is benign or ma-
lignant is enormous [3].

Advances in the knowledge about the clinicopa-
thology and molecular biology of ovarian cancer con-
tributed to understand its pathogenesis. Most of this
review will focus on epithelial ovarian cancer that re-
mains the most frequent type of ovarian cancer ac-
counting for about 90% of malignant tumours. The
other types, including germ cell and sex-cord stromal
cell ovarian cancer, are much less frequent (<5%) and
have particular features, although they share the same
staging classification with epithelial ovarian cancer.
Epithelial ovarian cancer is divided in different sub-
types (high-grade serous, low-grade serous, endome-
trioid, clear cell and mucinous ovarian cancer) that
are distinguished by molecular, genetic and morpho-
logic characteristics that comprise important prog-
nostic information [4]. Moreover, there is increasing
evidence that high-grade serous ovarian cancer has
the same origin as tubal cancer and primary perito-
neal cancer. According to the “serous tubal intraepi-
thelial carcinoma” (STIC) theory, these cancers derive
from tubal epithelial cells and they currently share the
same staging system [5]. The 2014 revised Internation-
al Federation of Gynaecology and Obstetrics (FIGO)
staging system provides now more accurate prognos-
tic information and better guidance on the manage-
ment of ovarian cancer [6, 7].

In this article, we intend to review the pathogen-
esis, classification and staging of ovarian cancer, as
well as the diagnostic approach of ovarian masses, ac-
cording to the most recent knowledge and interna-
tional guidelines.
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2. Pathology

Ovarian cancer is predominantly a disease of postmen-
opausal women, with more than 80% of cases being di-
agnosed in women over 50 years. The aetiology of ovar-
ian cancer remains unknown, but different risk factors
have been identified. Family history represents the most
important risk factor, with the lifetime risk of devel-
oping ovarian cancer increasing from 1 in 70 to 1 in 30
if a first-degree relative has ovarian cancer. Less sig-
nificant risk factors include infertility, nulliparity, late
menopause and early menarche [8, 9]. Approximately
90-95% of ovarian cancers are sporadic and only 5-10%
are associated with inherited familial syndromes. From
ovarian cancers with an identifiable genetic mutation,
BRCA 1 and BRCA 2 tumour suppressor genes account
for the vast majority (85-90%) [10]. Ovarian cancer also
occurs in almost 10% of patients with Lynch syndrome
11 (hereditary nonpolyposis colorectal cancer associat-
ed with other cancers of the gastrointestinal or repro-
ductive system) [11].

Primary ovarian tumours are divided into three major
categories: epithelial tumours, germ cell tumours (GCTs)
and sex cord-stromal tumours [6]. Epithelial tumours
are the most common, accounting for about 60% of all
ovarian tumours and 90% of malignant ovarian tumours
[12]. Epithelial tumours are further divided into seven
subtypes: serous, mucinous, endometrioid, clear cell,
Brenner, seromucinous and undifferentiated. The first
six types can be further subdivided into benign, bor-
derline and malignant tumours [6]. Malignant epithe-
lial tumours include by order of frequency: high-grade
serous carcinoma -HGSC- (70%), endometrioid carcino-
ma (10%), clear cell carcinoma (10%), low grade serous
carcinoma -LGSC- (<5%), mucinous carcinoma (3%), ma-
lignant Brenner tumour (<1%), seromucinous carcinoma
(<1%) and undifferentiated carcinoma (<1%). Differenti-
ation of these subtypes is important because they have
different clinical presentation, prognosis and response
to treatment [13]. Radiologists should understand this
differentiation, because these subtypes usually mani-
fest with distinct radiologic findings and different pat-
terns of metastatic dissemination. HGSC is associated
with TP53, BRCA 1 and BRCA 2 mutations and usually
develop in few months. At presentation, HGSC is com-
monly disseminated, with peritoneal deposits through-
out the abdominal cavity [14]. Conversely, LGSC is fre-
quently associated with KRAS and BRAF mutations and
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seems to develop from a benign precursor lesion with
slow growth (from serous cystadenoma to serous bor-
derline cancer) and is often confined to the ovary [7].

Recent clinicopathological and molecular genetic
studies demonstrate that HGSC, tubal cancer and perito-
neal primary cancer share molecular, morphologic and
clinical features [5]. Evidence that many of these cancers
derive from tubal epithelial cells led to the formulation
of the STIC theory [15]. The proportion of HGSCs of ovar-
ian and tubal origin is unknown because tumour growth
in advanced stages of cancer obscures the primary site.
Although there is no described impact on therapy and
prognosis, the identification of the primary site of or-
igin should be designated when possible. The primary
site of the other subtypes is usually easier to detect be-
cause they are often confined to the ovary [7].

GCTs originate from primordial germ cells and are
mainly diagnosed in the first two decades of life. These
tumours recapitulate the steps of development, from
undifferentiated germ cells to adult tissues. GCTs ac-
count for 25% of all ovarian tumours and 3-7% of ma-
lignant ovarian tumours [16]. The primitive GCTs, com-
posed of undifferentiated germ cells, and tumours with
extra-embryonic differentiation are all malignant (dys-
germinoma, yolk sac tumour and embryonal carcino-
ma). Teratomas are the most common GCTs and are be-
nign. Immature teratomas are much less common and
contain embryonic tissues with malignant potential. Im-
mature teratomas are typically larger (14-25 cm) than
mature cystic teratomas (average 7 cm) and demon-
strate a prominent solid component with cystic areas
and intratumoural fat. Peritoneal implants, lymph node
metastasis, ascites and extra-capsular spread also differ-
entiate immature from mature teratomas. Older age at
diagnosis, advanced stage and high-grade histology are
the most important prognostic factors [17].

Sex cord-stromal tumours constitute a heterogeneous
group of neoplasms that accounts for about 7% of all ma-
lignant ovarian tumours. These tumours originate from
gonadal primitive sex cords (granulosa cells and Sertoli
cells) and from stromal cells (theca cells, fibroblasts and
Leydig cells), that can be present separately or in com-
bination, with different degrees of differentiation [18].
They are often associated with hormonal abnormalities
and occur in a wide range of age, although in specific tu-
mour types the age range is often more limited [19]. Tu-
mours formed from granulosa cells and theca cells are
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often hyperestrogenic and usually present with isosex-
ual precocity in children, abnormal uterine bleeding,
endometrial hyperplasia and carcinoma in older wom-
en. Tumours comprising of testicular cell types (e.g. Ser-
toli and Leydig cells) are usually hyperandrogenic and
may present with virilisation signs (hirsutism, acne, ir-
regular menstrual periods, male-pattern baldness and
hoarse voice) [18].

Pure stromal tumours are mostly benign, with more
than 50% being fibromas and thecomas. Fibromas are
the most common sex-cord-stromal tumours (4% of all
ovarian neoplasms) and can be present at any age (al-
though the mean age is in the late forties). Fibromas
are composed of spindle stromal cells and are almost al-
ways endocrine-inert. Thecomas account for 0.5%-1% of
all primary ovarian tumours and are more likely to oc-
cur in postmenopausal women. They are composed of
lipid-laden stromal cells that resemble theca cells and
can produce oestrogen-related symptoms such as uter-
ine bleeding, endometrial hyperplasia and endometri-
al carcinoma. Tumours with sex cord elements are usu-
ally malignant, with granulosa cell tumours being the
most frequent histological subtype [16]. Granulosa cell
tumours are the most common oestrogen-producing tu-
mours and can be divided into two histologic subtypes,
the adult form, that usually occurs in early postmeno-
pausal women, and the juvenile form, that predominant-
ly occurs in children and young women. Sertoli-Leydig
cell tumours are mixed sex cord-stromal tumours and
account for about 0.5% of all ovarian neoplasms. They
are the most common virilising ovarian tumour, as 30%-
50% of these tumours produce androgens (testosterone
and androgen precursors) [18].

3. Role of Imaging

Adnexal tumours are a frequent finding in daily practice
and commonly represent a clinical and diagnostic chal-
lenge. Although most of adnexal tumours are benign le-
sions, the clinical impact of defining whether an adnexal
mass is benign or malignant is enormous [3]. While be-
nign adnexal masses may be either managed conserva-
tively or undergo resection by a general gynaecologist,
malignant masses should be evaluated in a dedicated on-
cology centre, to decide if neoadjuvant chemotherapy is
required, followed by interval debulking or direct rad-
ical cytoreductive surgery by a specialist surgeon with
expertise in gynaecological oncology [20].
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Fig. 1. Bilateral high grade serous carcinoma in a 61-year-old woman. Transvaginal US scan shows a right adnexal complex cyst-

ic-solid tumour (a) with solid component (arrow), thick septa (arrowhead), cystic areas (asterisk) and ascites (open arrow). Col-

our Doppler US (b) confirmed flow within the solid components, typical of malignancy.

In aradiologic perspective, ultrasonography (US) with
transvaginal approach remains the first-line imaging
tool to study adnexal masses. Distinct models have been
created to optimise the diagnosis of adnexal tumours
and to classify them as benign or malignant [21]. Among
these models, the International Ovarian Tumour Anal-
ysis (I0TA) “simple rules” are currently considered one
of the best US-based modes for use in clinical practice,
with excellent prediction of malignancy (pooled sensi-
tivity 93% and specificity 96%) [22]. US features that in-
dicate malignancy include the presence of a solid com-
ponent (particularly if there is visible central flow on
colour Doppler evaluation), thick or irregular septa, and
ascites (Fig. 1) [23]. However, even using accurate US
models with grey-scale and colour Doppler, 5-25% of ad-
nexal masses remain indeterminate and need further
examination [24, 25]. These tumours are usually large,
unilocular or multilocular, with solid components, ir-
regular walls and papillary projections [26].

Magnetic resonance imaging (MRI) improves the char-
acterisation of adnexal masses and is considered the
best second-line technique to evaluate indeterminate
or complex adnexal masses detected on transvaginal
US [27]. An algorithmic approach using basic and prob-
lem-solving MR sequences was proposed in 2010 by the
European Society of Urogenital Radiology (ESUR) and
recently updated in 2017 (Table 1) [3, 28]. This revision
incorporated diffusion-weighted imaging (DWT) and dy-
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namic contrast-enhanced (DCE) MRI in the characteri-
sation of adnexal masses, based on the added value of
these functional techniques provided by different stud-
ies [29-31].

Before the examination, patients should fast for 4-6
hours. Data support the value of intramuscular or in-
travenous smooth muscle relaxants (hyoscine butylb-
romide or glucagon) to reduce bowel movements and
improve image quality [32]. The diagnostic algorithm
starts with basic morphologic sequences, including sag-
ittal T2-weighted (T2W) imaging of the pelvis, and a pair
of T1-weighted (T1W) imaging and T2W imaging cover-
ing the indeterminate mass and its relationship to the
uterus in the same orthogonal plane (axial or coronal
or oblique) with identical slice thickness [3, 28]. When
performed, DWI and DCE-MRI (or contrast-enhanced
T1-weighted - CET1W - images, should be obtained in
the same orientation of the pair of TIW and T2W imag-
ing [28]. On DWI, high signal using b values higher than
800 s/mm? with corresponding low ADC signal indicate
diffusion restriction, which should alert for malignan-
cy. However, interpretation of DWI should be carefully
performed, particularly in the possibility of benign con-
ditions that can also demonstrate diffusion restriction
(e.g. haemorrhagic lesions, epidermoid components and
pelvic inflammatory disease). On DCE-MRI, a time-inten-
sity curve (TIC) type 1 represents a weak and progres-
sive enhancement compared to that of myometrium, a
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Table 1. MR imaging protocol (adapted from ESUR recommendations 2016) |

Intravenous smooth muscle relaxant

Patient preparation

Placement of intravenous cannula

Sagittal T2W of the pelvis
Basic MR sequences

Pair of TIW, T2W through the indeterminate mass

+ T2W sequences in the long axis of the uterus

T1 “bright” mass - FSTIW

Problem-solving
sequences

T2 “dark” solid mass (site of origin) - oblique T2W
T2 “dark” solid mass (nature) - DWI
T2 solid mass - DWI + CET1W/DCE

Cystic-solid mass - DWI and CET1W/DCE

ESUR - European Society of Urogenital Radiology; T2W - T2-weighted; TIW - T1-weighted; FST1W - fat-suppressed T1-weighted;

DWI - diffusion-weighted imaging; CET1W - contrast-enhanced T1-weighted; DCE - dynamic contrast enhanced

TIC type 2 represents a moderate initial enhancement
relative to that of myometrium, followed by a plateau,
and a TIC type 3 represents a rapid and steeper enhance-
ment than that of myometrium. Whereas a TIC type 1
predicts benignity, a TIC type 3 strongly predicts malig-
nancy. Type 2 curves are mainly associated with benign
or borderline tumours [30, 31, 33].

The decision tree identifies three groups of adnexal
masses according to their main characteristics on TIW
and T2W sequences: T1 “bright” masses, T2 solid mass-
es, and complex cystic or cystic-solid masses.

T1 “bright” masses.

They include masses with high T1 signal and require ad-
ditional fat-suppressed T1-weighted (FST1W) imaging to
distinguish fat in mature teratomas, which show signal
drop on the FST1W images, from blood, mucin or oth-
er proteinaceous material (rarely melanin), which re-
main “bright”. Products of haemorrhage result in T2*
effects, with dependent darkening, dependent grad-
ed “shading” and even bright-dark fluid-fluid levels in
cysts and/or T2 darkening in the walls of haemorrhagic
cysts. Blood products of differing ages and such striking
sedimentation of blood products indicate endometrio-
sis [34]. The T2 dark spot sign -hypointense foci within
the cyst on T2W images with or without T2 shading- is
an indicator of chronic haemorrhage and has very high
specificity in helping to distinguish ovarian endometri-
omas from non-endometrioma haemorrhagic adnexal
lesions (Fig. 2) [35]. Another T1 “bright” mass is muci-
nous cystadenoma, that usually has a multilocular ap-

pearance containing fluid of various viscosity that pro-
duces variable signal intensities on both TIW and T2W
sequences (“stained-glass” appearance). When there is
concern for a solid nodule within a T1 “bright” mass,
it must be regarded as a complex cystic or cystic-solid
mass. CET1W imaging, or preferably DCE-MRI should be
performed and reviewed on subtracted images to distin-
guish a blood clot from a vegetation (Fig. 3) [3, 28]. Ap-
plication of DWI and DCE-MRI should always be careful
in the assessment of T1 “bright” masses. Components of
benign teratomas may show diffusion restriction similar
to malignant lesions (usually epidermoid components)
and may also rapidly enhance with type 3 TIC curves on
DCE-MRI. Haemorrhagic lesions may also have a confus-
ing appearance on DWI, showing diffusion restriction
similar to malignant lesions [31].

T2 solid masses.

For these masses, the first consideration is to define
their anatomic origin, whether ovarian or uterine. An
oblique T2W imaging through the maximum point of
contact between the mass and the uterus should be per-
formed. An adnexal tumour separated from the uter-
us with the beak sign within the ovary indicates ovari-
an origin. The claw sign, or in broad-based leiomyomas
the bridging vessels sign, indicates uterine origin [28,
36]. On T2W imaging, ovarian solid masses may be di-
vided in homogeneous T2 “dark” solid masses, and T2
“intermediate” or “mixed signal solid masses”, in com-
parison to muscle signal. Most of T2 “dark” solid adnex-
al masses are ovarian fibromas or uterine leiomyomas.
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Their origin can be diagnosed only with T2W imaging

as previous described, but in clinical practice many ra-
diologists feel more comfortable using CET1W imaging
or DCE-MRI. Ovarian fibromas typically show slow and
minimal enhancement, with type 1 TIC on DCE-MRI,
whereas pedunculated subserosal leiomyomas enhance
parallel to the adjacent myometrium and are supplied
by the “bridging vessels”, which are better depicted on
enhanced studies [37]. Because Brenner tumours (rare-
ly malignant) and ovarian metastases may also display
low signal intensity on T2W imaging, DWI is now recom-
mended in T2W low-signal solid ovarian masses. If the
solid mass has low signal on DWI sequences with high
b values (2800 s/mm?) it can be considered benign and
CET1W imaging or DCE-MRI are not necessary (Fig. 4).
T2 “intermediate” or “mixed signal” solid masses may
represent either benign tumours which have undergone
degeneration, cellular fibromas or endocrine active tu-
mours (e.g. thecoma, Sertoli-Leydig cell or granulosa
cell tumour), but also primary or secondary malignant
tumours. Therefore, T2 “intermediate” or “mixed sig-
nal” solid masses”, as well as T2 “dark” solid masses with
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Fig. 2. Left ovarian endometrioma in a 37-year-old woman
with left lower abdominal pain. MRI shows a left ovarian cyst-
ic lesion (arrow) displaying high signal intensity on TIWI (a)
with loss of signal on T2WI (b) -shading sign- and homogene-
ous high signal intensity on fat-suppressed T1WI (c), compat-
ible with an endometrioma. A small right ovarian cyst (arrow-
head) is present.

other than low DWI signal, should be assessed by CE-
T1W imaging, or preferably DCE-MRI. From these, tu-
mours with enhancement and/or type 3 curves on DCE-
MRI should be considered as malignant. Finally, there
are specific features for T2 solid masses that may guide
for a particular diagnosis: fibrovascular septa and a fi-
brotic capsule in dysgerminomas, an early peripheral
enhancement with centripetal progression in sclerosing
stromal tumours and small haemorrhagic foci in granu-
losa cell tumours [38].

Complex cystic or cystic-solid masses.

This group includes masses with characteristics sug-
gestive of malignancy: solid components within cystic
masses, nodular/irregular thickening of internal sep-
ta and/or tumour wall. The differential diagnosis in-
cludes benign masses with complex imaging presenta-
tion such as multilocular benign cysts, lesions in the
adenofibroma-cystadenofibroma spectrum and complex
tubal disease, including acute and chronic tubo-ovari-
an infections [39]. Therefore, the first step in approach-
ing complex cystic and cystic-solid masses is to evalu-



Imaging of ovarian cancer: Current concepts, p. 43-57

VOLUME 3 | ISSUE 4

Fig. 3. Seromucinous carcinoma within an endometriotic cyst in a 67-year-old woman. US (not shown) disclosed a small nodule
within a left cystic ovarian tumour. MRI was performed for further characterisation and confirmed a left ovarian “T1-bright” le-

sion (arrowhead) containing a small peripheral solid nodule (arrow) (a). On unenhanced fat-suppressed TIWI (b), the cystic com-

ponent remained bright and the nodule (arrow) showed low signal intensity. After gadolinium administration, the solid nodule
enhanced (arrow in c) and this was confirmed on the subtraction images (arrow in d). On DWI, the solid nodule showed diffusion
restriction with high signal intensity on high b values (b 1000) (e) and low signal intensity on ADC map (f).
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ate clinical information and consider if there is concern

for inflammatory disease. Then, T2W sequences should
be analysed to look for signs of tubal disease and/or ma-
lignancy signs, reminding that complex folds and mu-
ral irregularities within tubal disease may mimic malig-
nancy [40]. CET1W imaging is recommended to look for
malignant enhancement of nodular mural components,
and/or to confirm if there are signs of inflammatory dis-
ease [37]. However, when available, DWI and DCE-MRI
are now strongly recommended as adjunct investiga-
tions, particularly to access the solid component of the
lesion [31]. On DWI, high signal using b values higher
than 800 s/mm? with corresponding low ADC signal in-
dicating diffusion restriction should alert for malignan-
cy. However, T1 “bright” lesions (including mature cyst-
ic teratomas and haemorrhagic lesions), as well as some
solid tumours (including fibromas, thecomas and Bren-
ner tumours) and purulent components in tubo-ovarian
inflammatory disease may also display diffusion restric-
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Fig. 4. Brenner tumour in a 39-year-old woman. MR imaging
showed a solid right ovarian tumour (arrow) displaying ho-
mogenous low signal intensity on T2WI (a). On DWI, the tu-
mour showed low signal intensity on the high b-value (b1000)
image (b) and low signal intensity on ADC map (c), suggest-
ing benignity that was histologically confirmed after surgery.

tion [41]. Again, the pattern of enhancement and/or TIC
of the solid component will further improve character-
isation of complex adnexal masses and type 3 curves on
DCE-MRI should be considered as malignant (Fig. 5) [31].

4. FIGO Staging and Prediction of Resectability

FIGO staging system (Table 2) represents the most pow-
erful indicator of prognosis in ovarian cancer and the
most commonly used worldwide [11]. Although surgical-
ly defined, preoperative assessment of ovarian cancer
stage with cross-sectional imaging (CT or MRI) is essen-
tial as it guides treatment and surgical management [1].
Referral to a gynaecologic oncologist for optimal stag-
ing and debulking is the second most important deter-
minant for survival [8, 13]. FIGO staging system was re-
vised in 2014 according to the new concepts in ovarian
cancer biology, immunohistochemical and molecular
genetic analysis, histopathological features, prognostic
factors and response to chemotherapy [26]. This classi-
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Table 2. FIGO staging classification for cancer of the ovary, fallopian tube and peritoneum (2014)

Stage I - Tumour confined to ovaries or fallopian tube(s)

IA Limited to 1 ovary (capsule intact) or fallopian tube

IB Limited to both ovaries (capsule intact) or fallopian tubes

Limited to 1 or both ovaries or fallopian tubes, with any of the following:
IC1 - Surgical spill

IC2 - Capsule rupture before surgery or tumour on surface

IC3 - Malignant cells in the ascites or peritoneal washings

IC

Stage II - Tumour involves 1 or both ovaries or fallopian tubes with pelvic extension (below pelvic brim) or prima-
ry peritoneal cancer

IIA Extension and/or implants on uterus and/or fallopian tubes and/or ovaries

1113) Extension to other pelvic intraperitoneal tissues

Stage III - Tumour involves one or both ovaries or fallopian tubes, or primary peritoneal cancer with confirmed
spread to the peritoneum outside the pelvis and/or metastasis to the retroperitoneal LNs

Positive retroperitoneal LNs only

A1 ITA1(i) - Metastasis up to 10 mm in greatest dimension
I11A1(ii) - Metastasis > 10 mm in greatest dimension
I11A2 Microscopic extrapelvic (above the brim) peritoneal involvement + retroperitoneal LNs
{IB Macroscopic peritoneal metastasis beyond the pelvis up to 2 cm in greatest dimension * metasta-

sis to the retroperitoneal LNs

Macroscopic peritoneal metastasis beyond the pelvis >2 cm in greatest dimension * metastasis to
IIC the retroperitoneal LNs (includes extension of tumour to capsule of liver and spleen without pa-
renchymal involvement of either organ)

Stage IV - Distant metastasis excluding peritoneal masses

IVA Pleural effusion with positive cytology

IVB
LNs outside the abdominal cavity)

Parenchymal metastases and metastases to extra-abdominal organs (includes inguinal LNs and

FIGO - International Federation of Gynaecology and Obstetrics; LNs - lymph nodes

fication remains valid for both epithelial and non-epi-
thelial ovarian cancers, although different therapeutic
approaches are usually considered [1, 16]. Furthermore,
according to the increasing evidence that high-grade se-
rous ovarian cancer has the same origin as tubal cancer
and primary peritoneal cancer, those cancers currently
share the same FIGO staging system. In the revised stag-
ing system, tumour stage as well as histological subtypes
and grade should be documented. The primary site (i.e.
ovary, fallopian tube, or peritoneum) should be desig-
nated when possible [7].

Stage I ovarian cancer is relatively rare because most
patients are diagnosed in higher stages. Tumour is con-
fined to one (IA) or both (IB) ovary(ies) or fallopian
tube(s). Stage I primary peritoneal cancer does not ex-
ist. With regard to time and cause of capsule rupture,

stage IC is subdivided in intraoperative spill (IC1), pre-
operative rupture (IC2) and positive peritoneal washings
or ascites (IC3). Tumours with dense adhesions often de-
velop capsular rupture [42]. Once capsular rupture oc-
curs, peritoneal washing and cytology studies should be
performed. Tumours with dense adhesions containing
histologically proven tumour cells should be upgraded
to stage I1[7].

Stage Il ovarian cancer includes tumours that involve
one or both ovaries or fallopian tubes with direct exten-
sion or implants on the surface of the uterus and/or ova-
ries and/or fallopian tubes (ITA), or it extends to other
pelvic intraperitoneal tissues (IIB), including the blad-
der, the sigmoid colon or the rectum [11].

Stage IIl ovarian cancer involves one or both ovaries
with histologically confirmed peritoneal implants out-
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Fig. 5. Sixty-year-old woman with left ovarian mucinous carcinoma. Transvaginal US (not shown) revealed a complex cystic-sol-

id pelvic tumour and MRI was performed for further characterisation. MRI showed a complex cystic solid tumour of the left ova-
ry, with multiple septa and cystic loci with different signal intensities on T2WI (a) and TIWI (b). After gadolinium administration,
most of the septa showed intense enhancement (c) with type 3 time-intensity curve on dynamic evaluation (d) - rapid and steep-

er enhancement (orange) compared to outer myometrium (blue). Surgery was performed and pathology confirmed a left ovari-

an mucinous carcinoma confined to the ovary (no capsule rupture, no peritoneal metastases and no ileocecal appendix disease).

side the pelvis and/or positive regional lymph nodes.
Regional lymph nodes include pelvic (internal and ex-
ternal iliac, obturator and common iliac), presacral,
paraaortic and paracaval nodes. Some studies demon-
strated that patients with exclusively retroperitoneal
lymph node involvement (I11A1) have a better progno-
sis than patients with abdominal peritoneal involve-
ment. Stage I1IA1 is further subdivided into stage
I11A1(i) (metastasis <10 mm) and stage I11A1(ii) (me-
tastasis >10 mm), even with no retrospective data sup-
porting quantification of the size of the metastasis [7].
Involvement of retroperitoneal lymph nodes must be
proven cytologically or histologically. The extent of
extrapelvic peritoneal involvement is a strong prog-
nostic predictor and therefore, the presence of mi-
croscopic (I1IA2), macroscopic metastasis <2 cm (I1IB),
and macroscopic metastasis >2 cm (I1IC) must be dis-
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tinguished. Again, this 2 cm size cut-off of peritoneal
metastases is subjective and not evidence-based. Stage
I1IC also includes extension of tumour to the capsule
of liver and spleen without parenchymal involvement
of either organ [43].

Stage IV ovarian cancer is characterised by distant
metastatic disease. Stage IVA includes patients with
pleural metastases, proven either by cytology or biop-
sy. Stage IVB includes patients with parenchymal me-
tastases in the abdomen (including hepatic or splenic
parenchymal metastases and umbilical deposits), ex-
tra-abdominal metastases (including inguinal lymph
nodes and other lymph nodes outside of the abdominal
cavity) and/or transmural bowel infiltration (with mu-
cosal involvement) [44].

Cytoreductive surgery is the basis of epithelial ovarian
cancer treatment and one of the most important prog-
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nostic factors. The volume of residual disease after cy-
toreductive surgery is inversely proportional to surviv-
al. Adequate surgery for ovarian cancer should consist
of peritoneal washing (preferably before tumour manip-
ulation), bilateral salpingo-oophorectomy, hysterecto-
my, multiple peritoneal biopsies of all abdominal fields,
at least infracolic omentectomy, appendicectomy in case
of mucinous histology and pelvic and para-aortic lymph
node dissection up to the renal veins. Fertility-sparing
surgery could be considered in early-stage disease when
young women are affected, but always after thorough-
ly informing the patient about the potential risks. Pa-
tients with stage IA or stage IC with unilateral ovarian
involvement and favourable histology (mucinous, se-
rous, endometrioid or mixed histology and grade 1 or
2) would be amenable to organ-preserving surgery, but
only in combination with complete surgical staging, that
would include a lymphadenectomy to exclude more ad-
vanced disease [1].

As expected, advanced cancer stages, with higher vol-
ume tumour and distant disease have higher volumes

Fig. 6. CT findings predictive of non-optimal cytoreduction in
most centers. (a) Metastases in the hepatic hilum (arrow). (b)
Retroperitoneal lymph node metastases above the renal hilum
(arrow). (c) Lymph node metastases in the cardiophrenic fat
above the diaphragm (arrows).

of residual diseases after surgery and are currently
being treated with neoadjuvant chemotherapy to re-
duce disease and improve cytoreductive surgery (Fig.
6). Major determinants for debulking rates and cytore-
ductive surgical reduction include clinical factors (e.g.
age, obesity and comorbidity), tumour markers (CA-
125), and imaging features [45, 46]. The accurate map-
ping of tumour burden and distribution of disease by
imaging plays a central role in treatment stratification
and will influence patient outcome. Contrast-enhanced
CT (with oral contrast) is the current imaging modality
for preoperative evaluation of ovarian cancer, provid-
ing information about primary tumour, size and loca-
tion of peritoneal implants, lymph nodes and visceral
metastases [41]. CT is also useful for guiding biopsy, a
procedure that can increase the accuracy of preopera-
tive diagnosis if indicated [47]. Traditionally, large dis-
ease (>2 cm) in the upper abdomen around the liver and
spleen, mesenteric deposits and lymph node metastases
above the renal hilum were considered as sites likely to
be not optimally resectable (Fig. 7). However, resect-
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Fig. 7. Forty eight-year-old woman with left ovarian high grade serous carcinoma. (a-b) CT performed without iodine contrast
intravenous administration because of renal function impairment revealed a large left ovarian tumour with great omentum me-
tastases (not shown), ascites in all abdominal quadrants and slight irregularity in lower diaphragmatic and liver surfaces (ar-
rows in a and b). DWI revealed multiple small metastases (arrows in ¢ and d) in the diaphragmatic and liver surfaces, presenting
with high signal intensity on high b-value (b1000), that were surgically confirmed.

ability criteria differ from centre to centre and resec-
tion rates are also different based on surgeon’s expe-
rience. Individual optimal treatment should always be
discussed on a multidisciplinary approach [46]. Differ-
ent studies demonstrate that bowel surface and mesen-
teric involvement are a major limitation for optimal cy-
toreduction and have to be carefully analysed [48, 49].
Unfortunately, small size peritoneal deposits (<5 mm)
are usually difficult to see in CT, especially in the ab-
sence of ascites [50]. There is increasing data demon-
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strating very good radiological-surgical correlation of
MR functional techniques, DWI and DCE, in detecting
subtle abdominal metastases[51, 52]. However, the role
of MRI in staging is still limited because of motion ar-
tefacts. MRI is particularly recommended for patients
with borderline tumours or ovarian cancers who are
candidates for fertility preservation surgery. MRI can
also be performed when CT findings are inconclusive or
in patients with contraindication for intravenous con-
trast agents [53].
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5. Conclusion

Ovarian cancer remains a major challenge. Advances in
histopathological and molecular genetic studies intro-
duced new concepts in the pathogenesis of ovarian can-
cer that are related with primary presentation and met-
astatic dissemination. Radiologists play a central role
both in the characterisation of complex adnexal mass-

HJR

es as well as in the preoperative assessment of ovarian
cancer, providing a roadmap for cytoreductive surgery
or selecting patients who may benefit from neoadjuvant
chemotherapy. R
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