
part of

MRI in ovarian cancer

  REVIEW

At present, more than 75% of patients with 
ovarian cancer are diagnosed in an advanced 
tumor stage. This is mainly owing to a long 
period with unspecific symptoms; ovarian can-
cer remains the most deadly entity among all 
female reproductive system cancers. Overall the 
disease ranks fifth among the most lethal can-
cers in females [1].

Imaging has become a cornerstone in treat-
ment planning for patients diagnosed with a 
gynecologic malignancy. Optimally based on 
consensus conferences imaging will assist in 
individualized  patient management and also 
facilitate patient counseling [2].

Clinical findings combined with sonography 
(ideally with integration of tumor markers) have 
become central in assessing adnexal masses and 
based on these findings different management 
strategies are warranted [3].

In patients with advanced epithelial ovarian 
cancer (EOC) the role of imaging typically con-
sists of noninvasive staging. In recent years triag-
ing of patients who will benefit from primary 
chemotherapy has started to play an increasingly 
important role [4].

Furthermore, percutaneous core needle biopsy 
has been highlighted as a safe and valuable 
contribution provided by radiology in selected 
patients with advanced ovarian cancer [5,6].

Despite long-term utilization of pelvic MRI 
it is still reserved as a problem-solving modal-
ity in suspected ovarian cancer. With the 
introduction of functional MRI, including 

diffusion-weighted MRI (DWI) and dynamic 
contrast-enhanced (DCE) MRI, this technique 
holds promise to become a predictive biomarker 
of prognosis or treatment response in ovarian 
cancer [4,7,8].

DWI depicts the molecular diffusion 
(Brownian motion) of water protons in biologi-
cal tissues [9]. It exploits the restricted diffusion 
within hypercellular tissues, including tumors, 
to provide contrast between these lesions and 
surrounding tissues [10]. The amount of signal 
loss is dependent on various factors including 
cellular density and the strength of the diffu-
sion-sensitizing gradients, which is indicated by 
the b‑value. The b‑value is an index of degree of 
diffusion weighting and is expressed in s/mm2. 
DWI information can be assessed visually where 
hypercellular malignant tumors typically dis-
play high signal intensity (SI) on intermediate to 
high b‑values (b = 500–1000 s/mm2) and low SI 
on apparent diffusion coefficient (ADC) map. 
Quantitative ADC assessment by calculation 
of ADC values seems particularly useful when 
combined with biochemical and morphological 
information for assessing effects of treatment [4].

Based on differences in contrast material 
uptake microvascular properties of tissues 
induced by tumor angiogenesis can be assessed 
by DCE-DWI [11]. Rapid image acquisition 
before, during and after intravenous con-
trast bolus application provides visual assess-
ment of enhancing elements. This technique 
is also increasingly applied for quantitative 
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assessment of various parameters provided by 
pharmacokinetic modeling [7].

In this review the role of MRI in assessing 
ovarian cancer, including challenges and future 
perspectives, will be discussed.

Ovarian cancer: general aspects
A woman’s lifetime risk of ovarian cancer is 
approximately 1:70 and approximately 21,550 
new cases and 14,600 deaths are estimated to 
occur annually in the USA [1,12]. In the EU, the 
estimated number of newly diagnosed ovarian 
cancers was 43,000 per year and mortality was 
reported as 12 out of 100,000 per women, per 
year [1]. African, Asian and southern European 
countries have the lowest cancer rates [1]. Ovarian 
cancer is typically a disease of peri- and post-
menopausal age. Its incidence increases with age, 
with the median age at diagnosis of 63 years [13]. 
Approximately 20% of ovarian cancers occur 
before the age of 40. This is particularly the case 
in the rare nonepithelial cancer types. Younger 
females are more commonly affected in heredi-
tary ovarian cancer syndromes and in borderline 
tumors. The latter have the highest frequency 
of ovarian cancers in the age group 15–29 years 
[1,101]. Although a significant improvement in 
5-year survival has been noted during the last 
three decades, ovarian cancer still has a poor 
overall prognosis. A 5-year survival rate has 
been reported as 50–90% for early stage disease 
(stages 1 and 2) and 21% for late-stage disease 
(stages 3 and 4). A review including over 5000 
patients showed 5-year survival of 89, 58, 24 and 
12% for stages 1, 2, 3 and 4, respectively [13].

Relevant pathology for image 
interpretation
Primary ovarian neoplasms comprise neoplasms 
of epithelial, germ-cell and sex-cord stromal ori-
gin. The most common type is EOC (85–90%), 
which is classified based on cellular origin into 
serous (60%), mucinous (5%), clear cell (10%), 
endometrioid (10–20%), Brenner tumor and 
undifferentiated cancers (1%) [14]. Furthermore, 
based on histopathological features and clinical 
behavior, epithelial tumors further subdivide 
into benign neoplasms, invasive (malignant) 
cancers and borderline tumors. The latter, 
also called ovarian tumors of low malignant 
potential, constitute approximately 10–20% 
of EOC. Histologically borderline tumors lack 
stromal invasion and are mostly confined to the 
ovaries (75%) [101].

Recent advances in histopathology and 
cytogenetics advocate a dualistic model of 

cancerogenesis. Type  I includes low-grade 
serous, mucinous and endometrioid cancers 
and type II consists of high-grade serous, endo-
metrioid, mixed and undifferentiated types 
[15]. The former seem to develop stepwise from 
precursor lesions (e.g., borderline tumors). By 
contrast, type II cancers develop de novo and are 
characterized by late diagnosis and unfavorable 
prognosis.

Ovarian cancer displays a broad range of 
pathomorphological features. These may range 
from solid, to solid and cystic, to predominantly 
cystic, often with serous or mucinous locules. 
However, in the majority of cases ovarian cancer 
consists of a cystic mass with solid elements.

Although no findings strongly suggestive of 
the different tumor types exist, some features 
may favor diagnosis of one subtype (e.g., papil-
lary projections or small calcifications, so-called 
psammoma bodies), are found in serous ovarian 
cancer. This tumor type tends to be more often 
bilateral and is often associated with CA‑125 rise 
[16]. Mucinous cancers are usually unilateral and 
CA‑125 may not be markedly elevated [16].

Endometrioid and clear cell cancer are associ-
ated with endometriosis of the ovary or in the 
pelvis in 15–50% of cases. 

Nonepithelial ovarian neoplasms are rare and 
include germ cell tumors and sex chord/stro-
mal tumors. The latter comprise granulosa cell 
tumors, fibroma, thecoma and fibrothecoma. 
Germ cell tumors include mature and immature 
teratoma, dysgerminoma, choriocarcinoma and 
yolk sack tumors. In general, germ cell malig-
nancies are extremely rare, and are primarily 
found in children and young adults.

A total of 5–15% of malignant ovarian masses 
are metastases of the ovaries mostly deriving 
from primaries from breast, colon or stomach 
cancer [17].

MRI for characterization of 
suspected malignant lesions
In females presenting with an adnexal mass 
the central role of imaging is to differentiate 
physiological lesions and benign tumors from 
malignancy [2]. Findings will essentially influ-
ence patient management, which varies from 
follow-up, to guidance of appropriate surgical 
approach (laparoscopy vs laparotomy) or referral 
to a dedicated cancer unit [18].

Preoperative imaging will also identify a sub-
group of females with benign lesions that may 
warrant long-term follow-up [19]. For example, 
suspected pregnancy luteoma may be fol-
lowed after appropriate MRI diagnosis [20]. In 
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advanced age follow-up, rather than surgery may 
be a treatment option when MRI shows a benign 
lesion, as in benign stromal tumors or typical 
dermoids (Figure 1) [21].

Ultrasonography (US) has been established 
as a first-line imaging modality for assessing 
adnexal masses with excellent performance in 
benign cystic adnexal masses, which account for 
the vast majority of all adnexal lesions.

For adnexal mass detection and character-
ization US shows high sensitivities (88–100%) 
but a wide range of specificities (39–87%). In 
a systematic review, including 12 studies, the 
accuracy of grayscale US with additional color 
Doppler for preoperative diagnosis of ovarian 
cancer yielded a sensitivity and specificity of 
87 and 90%, respectively [22]. However, sono-
graphical assessment of complex adnexal masses 
may be challenging, and in approximately 
20% of cases lesions have to be classified as 
sonographically indeterminate owing to their 
morphology or suboptimal US. A study pro-
spectively comparing adnexal masses in US and 
MRI found similar excellent sensitivities (100 
vs 96.6%, respectively), but higher specificity 
for MRI (39.5 vs 83.7%) in discriminating 
malignant from benign lesions. Thus, MRI is 
particularly useful in indeterminate masses on 
US in women with a low risk of malignancy in 
a clinical setting [23,24]. In unequivocally malig-
nant lesions on US the next diagnostic step 
should be CT staging according to European 
Society for Urological Radiology (ESUR) 
guidelines [25].

In the characterization of adnexal lesions 
CT is limited in the diagnosis of solid adnexal 
tumors and in assessment of endometriomas. 
However, it provides accurate diagnosis of clas-
sical dermoids and benign and malignant cystic 
adnexal lesions [26].

MRI provides prediction of the histologic 
nature of a variety of benign adnexal masses, 
including teratomas, cysts, endometriomas, 
ovarian stromal tumors containing fibrous 
tissue and uterine leiomyomas. It can reliably 
diagnose fatty and hemorrhagic lesions, which 
may be challenging with US. Chemical shift 
imaging assists in the diagnosis of scanty fat-
containing dermoids, which are typically mis-
diagnosed in CT and US.

Information about tissue composition and 
microvascularization rendered by DWI and 
DCE‑MRI may facilitate discrimination 
between benign and malignant solid adnexal 
masses. In a study analyzing 77  complex 
adnexal masses, all solid lesions with low SI on 
DWI on high b‑value images were benign [27].

While qualitative DWI with visual assess-
ment of signal on high b‑value is increasingly 
used for lesion characterization, the value of 
ADC quantification is currently limited. This 
is mainly owing to the broad overlap of ADC 
values between benign and malignant adnexal 
masses [28]. Pitfalls include malignant tumors 
with low cellular density, such as mucinous 
tumors, borderline tumors and solid benign 
tumors [10,28]. The wide ADC range is also 
explained by the broad histomorphologic 
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Figure 1. Typical dermoid in a 78-year-old female. (A) Transaxial T
1
-weighted MRI shows a right 

adnexal mass (arrow) displaying high signal intensity. (B) Loss of signal on T
1
-weighted fat saturation 

and fat droplet sign (C) on T
2
-weighted MRI allow confident diagnosis of a dermoid (arrowhead). In 

this extremely adipose woman follow-up by sonography was warranted.
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variability in adnexal tumors and the presence 
of calcifications, necrosis and mucinous com-
ponents. This is why in order to avoid pitfall, 
DWI must be analyzed in context with stan-
dard MRI sequences [10]. The risk of malig-
nancy index incorporating CA‑125, meno-
pausal status and US findings has been used 
for predicting the likelihood of malignancy of 
an adnexal mass. A risk of malignancy index 
of less than 25 is associated with a 3% prob-
ability of malignancy and a risk of malignancy 
index of more than 250 with a 75% probabil-
ity of malignancy [24,29]. A prospective study 
(n  =  180) showed that additional specialist 
US and MRI serves as a useful discriminator 
for correct referral to an oncologic unit, with 
sensitivity and specificity for US of 100 and 
57%, respectively, and for MRI of 92 and 86%, 
respectively, for malignancy [30].

MRI is limited in correctly diagnosing some 
rare benign adnexal tumors with solid and cys-
tic components mimicking malignancy (e.g., 
carcinoids, struma ovarii, cystadenofibroma 
or brenner tumors) and in rare inf lamma-
tory masses (e.g., actinomyosis) [31]. Incorrect 
diagnosis may also be attributed to technique, 
for example, if short TI inversion recovery 
sequences are used for fat suppression or chemi-
cal shift imaging is not performed in poor fat 
containing tumors [32].

Only limited data are available investigat-
ing MR spectroscopy for characterization 
of adnexal masses. Proton MR spectroscopy 
has shown potential in lesion differentiation. 
Owing to a variety of technical problems and 
overlap of 1H-MR spectral patterns for different 
histologic subtypes its clinical value is not yet 
established. Cho et al. found an intense lipid 
peak in malignant ovarian tumors but not in 
benign epithelial tumors, however, overlap 
with some benign teratomas was noted [33]. 
The absence of lactate peaks was an excellent 
predictor for benign adnexal tumors [4]. At 3 T 
a choline/creatine ratio greater than three was 
predictive of malignancy. By contrast, absence 
of choline signal or choline/creatine ratio of less 
than 1.5 suggested a benign tumor. The latter 
was found in six of seven patients with benign 
tumors [34].

MRI features of malignant 
ovarian tumors
Throughout the last two decades MRI features 
for the prediction of malignancy have been pro-
posed that are analogous to those used in US 
and CT. Recently, a meta-analysis including 

1267  ovarian masses from 18 MRI studies 
reported a sensitivity of 92% and specificity of 
85% (area under curve = 0.95) for the detec-
tion of invasive and borderline ovarian cancer. 
For these tumors the pretest probability of can-
cer increased from 34% overall to 78% with a 
positive result for malignancy and decreased to 
5.1% with a negative result [18].

Findings suggestive of malignancy include 
the presence of a mass with solid enhancing 
or solid and cystic architecture with thick sep-
tae (>3 mm) and/or papillary projections and 
lesion size larger than 4 cm [26,35] (Figure 2). A 
diameter of more than 5–6 cm in combination 
with complex architecture also increases the 
likelihood of a malignant adnexal lesion [23]. 
Frequently used secondary signs include the 
presence of peritoneal, mesenteric or omental 
metastases, pelvic side wall invasion and lymph-
adenopathy. These signs increase the confidence 
in the diagnosis of malignancy.

Most predictive signs of malignancy are 
vegetations in a cystic adnexal lesion, necro-
sis in a solid lesion and presence of ascites [35]. 
Pelvic ascites may also be found in inflamma-
tory disease or as a physiological finding at 
premenopausal ages. Large amounts of ascites 
in combination with an adnexal mass typically 
indicate advanced stage ovarian cancer. Meigs 
syndrome consisting of a solid stromal ovar-
ian tumor associated with ascites and pleural 
effusion may mimic advanced ovarian cancer.

Integration of perfusion kinetics or tissue 
composition may sometimes be necessary for 
a correct diagnosis in lesions difficult to assess 
with conventional MRI. Thomassin-Naggara 
et  al. found that for combined morphologic 
MRI and DWI the most predictive findings 
of malignant masses were the presence of pap-
illary projections (positive likelihood ratio 
[PLR] = 4.5), high SI on DWI at b‑values of 
1000  sec/mm2 within the solid component 
(PLR = 3.1), intermediate SI on T

2
-weighted 

imaging of the solid component (PLR = 2.2), 
ascites and peritoneal implants (PLR = 2), and 
a solid portion (PLR = 1.8) (Figure 2) [27]. In solid 
and complex cystic and solid adnexal tumors 
all malignant tumors and also some borderline 
tumors displayed high SI on high b‑value in 
DWI [28]. As conventional MRI allows excel-
lent prediction of malignancy, complementary 
DWI seems most beneficial in solid masses 
and when contrast-enhanced MRI is not fea-
sible owing to contraindication of contrast 
media administration, such as allergy or renal 
insufficiency.
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Another approach to improve characterization 
of adnexal masses is analysis of microvascular 
properties by DCE‑MRI. Early enhancement 
patterns in 41 epithelial ovarian tumors corre-
lated with tumor angiogenesis. Early enhance-
ment was noted in invasive ovarian cancers 
and was higher than for benign (p <  0.001) 
and borderline tumors (p < 0.05) [11]. Another 
group reported the benefit of a threshold value 
of greater than 2.35 compared with psoas muscle 
acquired within the first 120 s to correctly cat-
egorize adnexal masses [36]. Moreover, informa-
tion about perfusion and tissue composition can 
be useful for obtaining a correct diagnosis, for 
example in women with adnexal tumors wish-
ing to maintain fertility [11]. Added DWI and 
DCE‑MRI reduced the number of false posi-
tives and all false negatives could be eliminated 

in 87 women presenting with complex adnexal 
masses [11].

Malignant lesions mimicking 
invasive EOCs

�� Ovarian borderline tumors
Ovarian borderline tumors, or tumors with low 
malignant potential, comprise up to 15–20% of 
all ovarian malignancies. Compared with inva-
sive EOC they have much better survival rates 
with a survival in a 7-year follow-up of 92% 
for stage 2 and 3 disease [37]. Although reliable 
differentiation from invasive ovarian cancers in 
imaging is not possible, borderline tumors tend to 
present as large uni- or bi-lateral predominantly 
cystic ovarian tumors occurring more commonly 
in premenopausal women (Figure 3). Papillary pro-
jections ranging from 10 to 15 mm in size are 

A B
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Figure 2. Serous ovarian cancer in a 75-year-old female. (A) A complex cystic and solid adnexal 
mass is demonstrated on coronal and (B) transaxial T

2
-weighted imaging. Enhancing solid aspects 

and papillary projections (asterisks) on (C) contrast-enhanced T
1
-weighted MRI and (D) high signal 

on the corresponding high b‑value diffusion-weighted image and (E) low apparent diffusion 
coefficient signal are typical features suggesting malignancy (asterisks). 
B: Bladder.
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more frequently found in borderline tumors as 
compared with benign and malignant epithelial 
ovarian tumors [38]. DCE‑MRI may contribute 
to preoperative diagnosis of borderline tumors. 
Bazot et  al. reported that moderate enhance-
ment of the papillary vegetations and lack of 
solid elements favors diagnosis of a serous bor-
derline tumor [38]. Mucinous borderline tumors 
have been described as multiseptated masses 
composed of locules of different contents with 
papillary projections that demonstrate delayed 
contrast medium uptake [11,38]. In a comparative 
study of borderline tumors the thickness of septae 
and size of solid components were less than in 

stage 1 cancers, but confident differentiation was 
not possible [39].

Fallopian tube cancer
Histologically, in staging and in treatment fal-
lopian tube cancer does not differ from invasive 
ovarian cancer. In imaging, fallopian tube can-
cer is difficult to diagnose preoperatively, and 
most advanced tubal cancers are misdiagnosed 
as ovarian cancer [40]. In MRI a unilateral com-
plex cystic or solid adnexal tumor associated with 
hydrosalpinx should raise suspicion of fallopian 
tube cancer. Lymph node metastasis may be 
found more frequently than in ovarian cancer, 
and may also represent the only manifestation 
of dissemination [41].

Peritoneal adenocarcinomas
Peritoneal adenocarcinoma or surface papillary 
carcinoma of the peritoneum typically presents 
in a stage of advanced peritoneal dissemination. 
It accounts for 7–21% of ovarian carcinomas 
and presents similarly by age at diagnosis, his-
tology, prognosis or response to chemotherapy 
as epithelial ovarian carcinomas. In MRI diffuse 
peritoneal spread similar to advanced ovarian 
cancer in combination with normal-sized ova-
ries is the typical finding of peritoneal adeno-
carcinoma, particularly with elevated CA‑125 
levels [42]. Image-guided percutaneus core nee-
dle biopsy allows for differentiation from other 
metastasizing primaries [5].

Metastases to the ovaries
Approximately 5–15% of malignant ovarian 
tumors constitute metastases to the ovaries. GI 
tract and breast cancer are the most commonly 
encountered neoplasms to metastasize to the 
ovaries [5,43]. When ovarian metastasis displays 
as an inhomogeneous complex solid and cystic 
adnexal mass it cannot be differentiated from 
serous ovarian cancer in imaging [44]. History 
of cancer, or synchronous cancer particularly 
of the colon, should raise suspicion of metasta-
sis. Approximately 50% of ovarian metastases 
consist of Krukenberg tumors, which are char-
acterized by mucin-filled signet ring cells. They 
are typically bilateral (75%) and have smooth 
lobulated contours [43]. Krukenberg tumors pres-
ent as solid tumors that tend to develop areas of 
hemorrhage and necrosis. Krukenberg tumors 
and solid metastases from breast cancer can be 
differentiated from benign solid stromal tumors, 
for example, f ibrothecomas by DCE‑MRI 
and by the high signal of its solid elements on 
DWI (Figure 4) [11].

U

U

U

Figure 3. In a 47-year-old woman a large 
complex cystic and solid pelvic mass was 
identified on ultrasound. (A) T

2
-weighted, 

(B) T
1
-weighted and (C) fat saturation contrast-

enhanced MRI show a multicystic left adnexal 
lesion without enhancing elements presenting 
cystadenoma. The right adnexal mass 
demonstrating a complex cystic mass with 
enhancing elements presented a serous 
papillary borderline tumor. 
U: Uterus.
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Benign lesions mimicking 
ovarian cancer
Without appropriate clinical context differen-
tiation of tubo–ovarian abscesses from ovar-
ian cancer is challenging. In contrast to EOC 
tubo–ovarian abscess is found almost exclusively 
in premenopausal age. Similar to ovarian cancer 
it presents as unilateral or more often bilateral 
complex cystic adnexal masses with enhancing 
walls and internal septae. Uniformly thick walls 
of cystic adnexal lesions and signs of peritonitis, 
including mesh- or lace-like stranding of pelvic 
fat, thickening of peritoneal and of subperitoneal 

structures, are important discriminators from 
ovarian cancer. Furthermore, identification of 
tubal involvement (beak sign and waist sign) 
aids in establishing the correct diagnosis of an 
inflammatory entity [45].

Rare involvement of the adnexae by actino-
mycosis or tuberculosis may mimick ovarian 
cancer [46].

Staging of ovarian cancer by imaging
Traditionally, presumed ovarian cancer has been 
staged surgically according to the International 
Federation of Gynecology and Obstetrics 

S

S

A

B

C

DE

Figure 4. Bilateral ovarian metastases in a patient with a history of breast cancer. (A) Bilateral solid adnexal masses (asterisk) 
with inhomogeneous intermediate to low signal intensity are visualized on transaxial T

2
-weighted imaging. (B–D) The early and avid 

contrast uptake acquired in a dynamic series within 2 min and (E) complementary high signal intensity on high b‑value diffusion-
weighted MRI allow for diagnosis of metastases and are not found in benign stromal tumors. 
S: Sigmoid colon.
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(FIGO) or TNM system. In this procedure his-
topathologic diagnosis is obtained and optimal 
tumor debulking, the reduction of all tumor 
sites to a maximal diameter less than 1 cm, is 
attempted. Optimal cytoreduction improves the 
prognosis and optimizes the efficacy of adjuvant 
platinum-based chemotherapy [47]. However, in 
approximately 25% of patients with advanced 
ovarian cancer optimal cytoreduction cannot 
be achieved.

Staging by imaging is performed according 
to the FIGO system and is outlined in Table 1. 
This staging classification of ovarian cancer 
is based upon the classical pathways of spread 
encountered at the early stages of ovarian cancer 
including local, peritoneal and lymphatic spread. 
Preoperative staging by imaging has increas-
ingly gained acceptance and has recently been 
incorporated into clinical practice guidelines in 
oncology, as findings enable more individualized 
treatment management [10,47,48].

Although the established standard of care for 
advanced ovarian cancer remains appropriate 

surgical staging and cytoreduction followed 
by systematic chemotherapy, in patients unfit 
for surgery or in extreme tumor load, primary 
chemotherapy followed by interval debulking 
has become an alternative treatment option 
[47]. This approach has been validated by the 
randomized EORTC 55971 trial, which found 
similar overall survival but fewer complications 
in the group treated with neoadjuvant chemo-
therapy compared with those treated by standard 
regimen [47,48].

Before initiation of neoadjuvant chemo-
therapy histopathologic diagnosis must be 
confirmed, ideally through image-guided core 
needle biopsy [5].

Thus, preoperative imaging in patients with 
ovarian cancer plays a vital role in treatment plan-
ning and – if surgery is appropriate – in guiding 
optimal cytoreduction. As optimal cytoreduction 
depends on tumor load and site of metastases, 
imaging signs have been described to identify 
patients, in whom adequate debulking seems 
impossible and the neoadjuvant approach is 

Table 1. Staging of ovarian cancer by CT and MRI.

TNM FIGO Imaging findings Additional findings in surgical/histopathological 
staging

T1 Stage 1 Tumor limited to the ovaries

T1a 1A Limited to one ovary, no ascites Intact capsule and no tumor on the external surface

T1b 1B Limited to both ovaries, no ascites Intact capsule and no tumor on the external surface

T1c 1C Stage 1A or 1B with ascites With tumor on surface or capsule ruptured, or ascites or 
peritoneal washings positive for malignant cells

T2 Stage 2 Growth involving one or both ovaries, pelvic 
extension

T2a 2A Extension and/or metastases to the uterus  
and/or fallopian tubes

T2b 2B Extension to other pelvic tissues

T2c 2C Tumor either IIA or IIB with ascites Ascites or peritoneal washings positive for malignant cells

T3 and/or 
N1

Stage 3 Tumor involving one or both ovaries, peritoneal 
implants (including small bowel and omentum) 
outside the pelvis including liver surface 
implants and/or metastases of retroperitoneal 
or inguinal lymph nodes

T3a 3A Tumor grossly limited to the true pelvis, large 
volumes of ascites 

Microscopical implants of abdominal peritoneum

T3b 3B <2 cm implants of abdominal peritoneal 
surfaces, large volumes of ascites

T3c and/or 
N1

3C >2 cm implants of abdominal peritoneal 
surface and/or retroperitoneal or inguinal 
lymph nodes; large volumes of ascites

M1 Stage 4 Growth involving one or both ovaries, distant 
metastases, parenchymal liver metastases, 
pleural effusion with pleural abnormalities

Pleural effusion with positive cytology

FIGO: International Federation of Gynecology and Obstetrics.  
Adapted with permission from [24].
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therefore more appropriate [48,49]. These findings 
include sites mostly in the upper abdomen and 
are summarized in Box 1. However, resectability 
is very much a function of surgical expertise, 
and thus this again has to be discussed on an 
individual basis in a multidisciplinary setting [2,4].

Preoperative imaging also serves as a roadmap 
for the surgeon to perform optimal cytoreduction. 
It is particularly useful to preoperatively identify 
lesions at sites that are difficult to assess during 
surgery or lesions that might be missed owing to 
unusual locations, and alert the surgeons to the 
necessity to obtain biopsies.

Typically EOC disseminates in the peritoneal 
cavity and peritoneal deposits are more common 
at sites of reduced flow of peritoneal fluid (e.g., 
pouch of Douglas or paracolic gutters). Other 
common sites include omentum, diaphragm, 
organ surfaces and peritoneal reflections.

Perihepatic metastases, the typical liver 
involvement in ovarian cancer, present stage 3 
disease. They usually grow as scalloping lesions 
with smooth margins along the liver surface, but 
may sometimes (~5% of cases) invade the liver 
surface [49,50]. Preoperative diagnosis of invasive 
liver metastases has an impact on appropriate 
treatment planning, and usually hepatotobiliary 
specialist assistance will be required [50]. Liver 
parenchymal metastases representing hemato
genous spread and stage 4 disease are extremely 
rare and differential diagnosis on CT images 
should include more likely benign liver lesions 
or metastases from other primaries.

The majority of patients with suspected ovar-
ian cancer will present with the typical constel-
lation of an adnexal mass, extensive peritoneal 
dissemination, ascites and CA‑125 elevation. 
However, the clinical radiologist should also be 
aware of atypical manifestations of metastasizing 
ovarian cancer, for example, lymphadenopathy 
without peritoneal disease. Furthermore, 15% of 
patients with advanced ovarian cancer may have 
superior diaphragmatic lymphadenopathy, which 
is the principal drainage of the peritoneal cav-
ity. In imaging, these lymph nodes present with 
an unusual short axis cut off for enlargement of 

5 mm [51]. Tuberculosis, metastasizing tumors 
with a tendency of peritoneal seeding, such as 
gastrointestinal stromal tumors, melanoma, 
breast or GI tract cancers, mimic metastasizing 
ovarian cancer. In such equivocal cases image-
guided biopsy has shown to be a safe method to 
distinguish between those entities.

MRI for staging ovarian cancer
Multidetector CT is the modality of choice for 
noninvasive staging of ovarian carcinoma, as it 
is widely available, reproducible and provides 
all relevant information for staging in a short 
examination time [25]. The reported accuracy for 
all stages ranges from 70 to 90% with an overall 
sensitivity in detection of peritoneal implants of 
85–93% [4,51]. Although MRI performs similarly, 
the main reasons preventing MRI from becom-
ing accepted as a standard modality for staging 
ovarian cancer includes – besides costs – techni-
cal issues, especially a much longer examination 
time as compared with CT. MRI has been rec-
ommended by the ESUR Female Imaging sub-
committee as a primary staging tool in patients 
with contraindications for intravenous contrast 
media in CT or when radiation exposure is an 
issue, for example, in young females or in preg-
nancy. Furthermore, in many institutions staging 
is completed by additional abdominal coverage 
when pelvic MRI demonstrates an unequivocally 
malignant ovarian mass [25].

A multicenter trial comparing CT and MRI 
for staging ovarian cancer performed by the 
Radiology Diagnostic Oncology Group showed 
a similar sensitivity and performance for MRI 
compared with CT [52,53]. However, this study is 
approximately a decade old, and studies compar-
ing recently evolved MRI and CT developments 
are required.

Despite technical advances CT imaging of 
peritoneal disease remains a problem, as perito-
neal lesions will be missed owing to small size. 
In one study the sensitivity of CT was reduced to 
25–50% for lesions with a diameter of less than 
1 cm [54]. Furthermore, location of peritoneal 
deposits determines whether it can be identified 

Box 1. Imaging criteria for predicting non-optimally resectable disease in ovarian 
cancer: nonresectability. 

�� Retroperitoneal presacral disease
�� Lymph node enlargement above the renal hilum
�� Abdominal wall invasion
�� Parenchymal liver metastases and subcapsular liver metastases 
�� Implants of greater than 2 cm: diaphragm, lesser sac, porta hepatis, intersegmental fissure, gall 

bladder fossa, gastrosplenic, gastrohepatic ligament and small bowel mesentery
Adapted with permission from [24,48].
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on CT at all: deposits at peritoneal reflections, 
on the bowel surface or in the mesentery may 
be difficult to assess with CT [4]. Owing to its 
unique soft tissue contrast, MRI is superior to 
CT in the assessment of local tumor spread in 
the pelvis and upper abdomen. As DWI further 
increases tissue contrast and functional aspects 
it may influence future MRI staging. Peritoneal 
implants and omental deposits retain high SI with 
increasing b‑values in comparison to reduced 
signal from surrounding ascites, bowel and fat 
(Figure 5) [7]. Thus, DWI may facilitate staging 
of ovarian cancer by improving the conspicuity 
in the assessment of peritoneal disease. It seems 
particularly useful in equivocal findings with 
conventional MRI sequences and increases the 
radiologist’s confidence in correctly identifying 
metastases [55].

Only a few studies have investigated DWI 
in peritoneal spread in gynecologic cancers. 
Fusion of DWI with T

2
-weighted imaging pro-

vided excellent sensitivity (90%) and specificity 
(95.5%) for evaluating the extent of peritoneal 
spread in ovarian cancer [56].

Low et al. found that DWI combined with 
contrast-enhanced MRI and oral bowel contrast 
with barium improved accuracy of peritoneal 
tumor detection on a site-per-site basis. In this 
study DWI was found to assist in the depiction 
of metastases in the mesentery, small bowel, on 
colonic serosal surfaces and in the pelvis [57].

Pitfalls with high SI on high b‑value DWI 
include hypercellular tissue, such as small bowel 
mucosa, inflammatory processes, fluid collec-
tions, for example, lymphoceles or lesions with 
proteinaceous or hemorrhagic contents. However, 
false negatives may occur in DWI including 

predominately cystic lesions, calcifications and 
mucinous metastases [10].

Multicenter studies comparing MRI and 
DWI and histopathological correlation will be 
necessary to assess the value of this technique 
for staging ovarian cancer.

High sensitivity and specificity for the detec-
tion of peritoneal spread in patients with ovar-
ian cancer has been reported for DCE MRI. 
Peritoneal implants are best identified on a 
delayed phase (<5 min). However, later diffusion 
of contrast media into the peritoneal cavity with 
opacification of ascites may be misleading [55].

Novel MRI techniques providing large vol-
ume coverage and functional MRI information 
include diffusion-weighted whole-body imaging 
with background body signal suppression, whole 
body DWI and integrated PET/MRI [58]. No 
data are available of their value in staging ovar-
ian cancer or comparison with PET/CT for the 
detection of peritoneal implants or lymph node 
assessment. Improved detection of lymph node 
metastases, particularly in the upper abdomen 
and thorax, including the cardiophrenic and 
supraclavicular locations, may be clinically and 
prognostically relevant.

Assessment of response to 
chemotherapy
Traditionally treatment response in patients 
with ovarian cancer has been validated by 
serial measurements of CA‑125 levels, clini-
cal symptoms and imaging findings. CA‑125 
is considered the gold standard tumor marker 
in ovarian cancer and is used to monitor 
response to chemotherapy, relapse and disease 
progression [59].

A B

Figure 5. Peritoneal metastases in stage 3C ovarian cancer. 75-year-old patient. High b‑value diffusion-weighted MRI 
(b = 1000 s/mm2) at (A) the level of the kidneys and (B) pelvic crest demonstrates multiple peritoneal nodules (arrows) and extensive 
omental caking (asterisks).
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Response Evaluation Criteria In Solid Tumors 
(RECIST) criteria have been established for 
objective assessment of treatment response in 
solid tumors [60]. RECIST guidelines are based 
on CT as a reproducible imaging technique, 
with MRI as the modality of second choice. 
In general the modalities CT and MRI are not 
allowed to change between baseline and follow-
up. Unfortunately, in ovarian cancer applica-
tion of RECIST is a challenge [4]. According 
to RECIST lesions with a diameter of less than 
1 cm, which is the aim for successful cytoreduc-
tion, are excluded as target lesions. Furthermore, 
common findings as peritoneal metastases, 
ascites or pleural effusion are regarded as 
nonmeasurable lesions by RECIST standards.

Currently, monitoring treatment response by 
imaging relies mainly on change of size on serial 
studies. However, macromolecular and micro-
structural changes induced by therapy occur-
ring at the cellular level substantially precede 
morphologic changes [61]. Treatment-induced 
cell damage is associated with increased ADC 
immediately after treatment. In cervical cancer 
the early increase of ADC after treatment seems 
predictive of successful cancer treatment [61–64].

In ovarian cancer preliminary results of one 
study (n = 20) using multiple b‑values found sig-
nificantly lower baseline ADC values and vascu-
lar signal fraction in peritoneal metastases than 
in primary tumor and in omental cake [65]. This 
seems to correlate with the biologic heterogene-
ity of ovarian cancer and may also explain mixed 
response patterns at different sites, for example, 
in primary ovarian tumors, omental cake and 
peritoneal implants in the same patient [10,65]. 
ADC values of peritoneal metastases correlated 
positively with the vascular fraction, which 
refers to a component of the DWI signal [4,55]. 
Kyriazi et al. investigated the value of quanti-
tative DWI using ADC histogram analysis in 
assessing chemotherapy response in 42 patients. 
They found that DWI can aid in early monitor-
ing of treatment efficacy in patients undergo-
ing chemotherapy for metastatic ovarian and 
primary peritoneal cancer. While pretreatment 
ADCs were not predictive of response, early 
increase of ADC values (after the first and third 
cycle) and later decrease of skew and kurtosis of 
histograms were characteristic of chemotherapy 
response [8]. Further studies will be necessary 
to study reproducibility of ADC quantifica-
tion and correlation with histopathology and 
tumor markers to validate if DWI may serve 
as a surrogate biomarker for advanced ovarian 
cancer [4,65].

Imaging recurrent ovarian cancer
Although the 5-year survival rate of women 
with ovarian cancer is approximately 46%, 
the overall survival rate has not improved sig-
nificantly over the last few decades. Despite 
aggressive therapy the majority of women with 
advanced ovarian cancer will develop recurrent 
disease. Recurrence is usually detected by a 
serial rise of CA‑125, which may precede clini-
cal detection by several weeks to up to 5 months 
[4]. CA‑125 is a marker of overall response and 
is neither able to differentiate between localized 
or diffuse disease nor is it a reliable predictor 
for the load of disease [10,59].

Several studies have shown the superiority 
of PET/CT over CT in assessing recurrence 
in patients with ovarian cancer [66]. PET/CT 
has increasingly been used for surveillance of 
patients treated for ovarian cancer and is most 
useful in patients with no evidence of recur-
rence in CT but rising tumor markers. The 
advantages of PET/CT include whole body cov-
erage, particularly assessment of the thorax and 
improved diagnosis of lymph node metastases 
that might be missed with CT alone (e.g., in the 
supraclavicular region). However, microscopic 
peritoneal recurrence or lymph node metas-
tases with a diameter of less than 5 mm are 
also beyond the detection of fludeoxyglucose 
PET/CT [67].

Recently, a comparative study (n = 35) of 
contrast-enhanced CT and PET/CT with 
histopathological correlation found similar 
performance of these modalities for site-spe-
cific and general detection of recurrent ovarian 
cancer [68].

As recurrence in ovarian cancer most com-
monly manifests as peritoneal deposits MRI is 
usually not the screening modality of recur-
rence. In one study DCE‑MRI performed 
excellently (sensitivity 90%, specificity 88%) 
in the detection of recurrent disease in patients 
treated for ovarian cancer and was superior to 
CA‑125 assessment [57]. DCE‑MRI would allow 
for quantitative analysis of kinetics, but for 
clinical routine it presents an as-yet unresolved 
technical challenge that requires high tempo-
ral resolution and large field of view coverage. 
Larger series will show if the novel functional 
MRI techniques will be able to improve the 
diagnostic performance of MRI compared with 
PET/CT and if it could be used as a potential 
biomarker. To date, the greatest utility of MRI 
is preoperative visualization of local, particu-
larly pelvic, recurrence of ovarian cancer before 
secondary cytoreductive surgery (Figure 6).
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Results from recent randomized trials may 
have significant implications on patients treated 
for ovarian cancer [48]. No benefit from early 
detection of relapse or early treatment of follow-
up patients with rising tumor markers and no 
clinical signs of recurrence was found. Based 
on these data imaging of asymptomatic patients 
with rising CA‑125 may not be justified  [48]. 
Nevertheless, demonstration of recurrence 
could be clinically relevant in patient selection 
for appropriate surgery or radiation therapy in 
selected cases [4].

Future perspective & challenges
Imaging has an established role in the work-up of 
primary and ovarian cancer recurrence. As func-
tional body MRI techniques are emerging from 
research to clinical application the future role of 
MRI may shift from problem solving to a central 
management tool in ovarian cancer.

If MRI aims to compete with CT and PET/CT 
for staging or surveillance of recurrence in ovar-
ian cancer patients higher spatial and temporal 

resolution, including coverage of the body and 
thorax, is required.

Furthermore, before integration of functional 
imaging into clinical routine seems feasible, many 
obstacles have to be overcome [7,69]. DWI of the 
abdomen and pelvis must become a clinically 
robust, fast and reproducible complementary 
technique. Additional imaging time of approxi-
mately 15 min for abdominal and pelvic DWI 
series, as recently suggested for staging, will 
hamper its acceptance [10]. Prerequisites for suc-
cessfully performing DWI include standardiza-
tion of the DWI technique, administration of an 
antiperistaltic drug and comparison with stan-
dard sequences. To date, different b‑values (values 
and numbers) are used and optimal thresholds 
for ADC quantification have not been found. 
Practical examination protocols with integration 
of DWI or multiparametric imaging for ovarian 
cancer will have to be validated in multicenter 
studies [4,10].

Special emphasis has to be placed in subspe-
cialist training where not only understanding of 

A

B

C

Figure 6. Pelvic recurrence of ovarian cancer. In a 55-year-old patient with a history of ovarian cancer and rising CA‑125 a solid mass 
(arrows) is identified with intermediate signal intensity on (A) T

2
-weighted imaging and (B) with high signal intensity on 

diffusion-weighted MRI. (C) FDG PET/CT shows an intensely hypermetabolic mass confirming the diagnosis of recurrence. 
Image courtesy of ES Sala, Cambridge, UK.
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radiomorphological findings but also increasingly 
profound knowledge of biochemistry and physics 
will be necessary.

Contrast-enhanced MRI is used for imag-
ing adnexal masses and depiction of peritoneal 
implants. Limited data exist on quantitative 
analysis of DCE‑MRI, which provides informa-
tion on microvascular properties of tumor and 
surrounding tissues. Using a semiquantitative 
approach time intensity curves or threshold cri-
teria can assist in the prediction of malignancy in 
lesions difficult to characterize with conventional 
MRI techniques [26,69]. Quantitative DCE‑MRI 
is a more advanced technique where physiologi-
cal parameters are extracted from a series of 
rapid DCE acquisitions by means of different 
pharmacokinetic models [69]. These provide data 
the microvasculature including for example, vol-
ume transfer constant, rate constant, fractional 
volume of extravascular extracellular space and 
fractional plasma volume. As novel antiangio-
genetic anticancer substances are developed this 
MRI technique promises to play an important 
role in assessing ovarian cancer response to che-
motherapy and may serve as an early treatment 
response biomarker in ovarian cancer [7,10].

Before incorporating quantitative DCE‑MRI 
into clinical application in ovarian cancer imag-
ing, MRI acquisition and measurement technique 
has to be standardized and many technical prob-
lems obviating reproducibility have to be resolved. 
Furthermore, in the limited studies available 
quantitative analysis was typically performed with 
in-house written software [69,70]. One preliminary 
study demonstrated feasibility of DCE‑MRI in 
ovarian cancer and peritoneal deposits also on a 
3 T unit [70]. Using a fast 3D sequence with a 
spatial resolution of 1.6 s and a coverage of ten 
slices, tumor-specific rapid uptake was found at 
approximately 5–6 s. No difference was seen for 
kinetic modeling results for primary or metastatic 
sites [70]. Areas of research include definition of 
the pharmacokinetic model most appropriate for 
ovarian cancer, analysis of tumor substructure or 
prediction of outcome or of treatment results [69].

Not yet solved technical problems inherent 
in abdominal spectroscopy include artifacts to 
peristalsis and breathing, limitations in accurate 
voxel localization and external volume suppres-
sion, field inhomogeneities, low signal-to-noise 
and long acquisition time [4,34]. A limited number 
of studies have shown the potential of 1H-MR 
spectroscopy for lesion differentiation in vitro and 
in vivo [4,33,34,71]. Its clinical utility as an adjunct 
to other MR techniques for assessment of adnexal 
lesions has yet to be investigated.

As nanoparticle technologies are under devel-
opment and numerous antigens of EOC have 
been identified, targeted molecular imaging 
using MRI offers challenging fields of research 
in ovarian cancer [102].

A growing number of nanovectors are under 
development for more efficient drug delivery. 
Nanovectors, such as liposomes or dendrimers, 
serve as carriers for therapeutic agents and can be 
coupled with MRI contrast agents (e.g., USPIO 
or Gadolinium) and even combined with opti-
cal imaging [72,73]. In ovarian cancer coupling 
of monoclonal antibodies for in  vitro and 
in  vivo MRI with animal models are under 
investigation.

In the future biomarker-targeted delivery may 
provide selective application of therapeutics to 
cancer cells without collateral damage and tar-
geted contrast agents in MRI may permit detec-
tion of smaller and earlier stage ovarian cancer 
and improve tumor surveillance by recognition 
of cancer signatures associated with the tumor 
microenvironment [73].

Conclusion
With today’s multidisciplinary team approach 
and changes in paradigm of treatment of ovar-
ian cancer, imaging has become an integral and 
pivotal part of management [2,48]. The role of 
MRI has to be different for the patient present-
ing with an indeterminate adnexal mass versus 
the patient with clinically evident ovarian cancer 
confirmed by US. For the former, MRI has an 
established and evolving role in problem solving. 
Advances with integration of functional MRI 
including DWI and DCE‑MRI promise to fur-
ther improve characterization allowing confident 
diagnosis in the vast majority of complex adnexal 
masses. This is particularly useful in advanced 
age for avoiding unnecessary surgery, and simi-
larly in young females with low probability of 
ovarian cancer and when fertility sparing surgery 
is desired (e.g., in borderline tumors).

For women with malignant masses CT is cur-
rently recommended for comprehensive presur-
gical staging. Although data suggest that MRI 
is at least equal, and at some sites also superior 
to CT, practical issues such as availability and 
examination time as well as limitations of spa-
tial resolution for coverage of large fields of view 
hamper its routine use for staging ovarian cancer.

Before embarking on functional MRI in 
routine imaging the challenge is for optimi-
zation and standardization of protocols and 
analysis techniques [69]. Furthermore, training 
of radiologists has to be directed to profound 
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understanding not only of anatomy and mor-
phology of disease but also to knowledge about 
metabolic pathways, more specifically those rel-
evant for functional imaging. Functional quali-
tative and quantitative properties obtained by 
MRI or its combination with advanced tech-
niques, for example, nanotechnology, raise 
expectations that the role of MRI may shift 
from problem solving to a central management 
tool. Combined interpretation of morphologi-
cal and functional imaging promises to increase 
performance of imaging of low-volume metasta-
ses. Quantitative MRI by DWI or DCE‑MRI 
holds promise to become a biomarker of 
tumor composition, response and prognosis. 
However, the value of these new techniques, 
including comparison with PET/CT must be 
validated by histopathological correlation in 
multicenter studies.

Recent clinical developments mean that 
radiologists will be in greater demand at ini-
tial diagnosis, planning surgery or neoadjuvant 
chemotherapy, providing a tissue diagnosis and 
assessing response prior to interval debulking 
surgery. Open to debate, is the need for rigorous 
diagnosis of early relapse given data showing no 
clear survival advantage.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a financial 
interest in or financial conflict with the subject matter or 
materials discussed in the manuscript. This includes employ-
ment, consultancies, honoraria, stock ownership or options, 
expert testimony, grants or patents received or pending, or 
royalties.

No writing assistance was utilized in the production of 
this manuscript.

Executive summary

Role of imaging
�� Imaging assists in individualized management of patients with adnexal masses.
�� In advanced ovarian cancer the role of imaging consists of noninvasive staging and in triage of surgical versus chemotherapeutic 

candidates for a neoadjuvant approach.
�� Conventional MRI sequences are the mainstay for imaging adnexal masses. Complementary use of functional techniques is 

emerging.

Indeterminate adnexal masses
�� MRI is the modality of choice to further assess sonographically indeterminate masses.
�� Owing to excellent tissue contrast and functional properties MRI is superior to ultrasonography and CT in the characterization of 

adnexal masses.
�� MRI is most beneficial for sonographically equivocal masses in women with a low risk of malignancy.
�� Qualitative diffusion-weighted MRI with visual assessment of signal on high b‑value is used for lesion characterization, while the 

value of apparent diffusion coefficient quantification is currently limited. 
�� Compared with conventional MRI, diffusion-weighted MRI (DWI) facilitates differentiation of complex predominantly solid benign 

and malignant masses.
�� In pregnancy or in contraindications for intravenous contrast media the addition of DWI can replace contrast-enhanced MRI.
�� Complementary DWI and dynamic contrast-enhanced MRI may be useful in imaging adnexal masses, when fertility preserving 

surgery or conservative management is planned.

Staging ovarian cancer
�� Despite similar performance to CT, MRI remains the second-line imaging modality for staging ovarian cancer due to limitations. 
�� MRI is recommended for staging in contraindication to intravenous contrast media or in young females and in pregnancy. 
�� DWI of the abdomen and pelvis may be useful for assessing the volume of peritoneal implants or of their detection at sites difficult 

to assess.
�� Added DWI improves the diagnostic confidence for diagnosing metastases.
�� Imaging features have been defined to assist in the selection of patients unfit for optimal cytoreduction.

Recurrence & response to therapy
�� Recurrence is detected by a serial rise of CA‑125, which may precede clinical detection by up to several months.
�� MRI is most useful for preoperative visualization of local, particularly pelvic, relapse of ovarian cancer before secondary cytoreductive 

surgery.
�� Quantitative DWI may have potential for chemotherapy assessment and could become a biomarker for advanced ovarian cancer.

Future perspectives & challenges
�� MRI needs to provide better spatial and temporal resolution and coverage of the whole abdomen/pelvis and thorax. 
�� Implementation of functional MRI into clinical routine is limited by many obstacles, including reproducibility, appropriate acquisition 

technique, user friendly postprocessing technique and expertise in image interpretation. 
�� Owing to its functional quantitative properties MRI may shift from problem solving to a central management tool in ovarian cancer.
�� With evolving nanotechnologies and continuous identification of antigens of epithelial ovarian cancer-targeted molecular imaging, 

using MRI offers challenging fields of research.
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