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Abstract
Ovarian cancer is a challenging disease. It often presents at an advanced stage with frequent recurrence despite optimal 
management. Accurate staging and restaging are critical for improving treatment outcomes and determining the prognosis. 
Imaging is an indispensable component of ovarian cancer management. Hybrid imaging modalities, including positron emis-
sion tomography/computed tomography (PET/CT) and PET/magnetic resonance imaging (MRI), are emerging as potential 
non-invasive imaging tools for improved management of ovarian cancer. This review article discusses the role of PET/CT 
and PET/MRI in ovarian cancer.
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Introduction

Ovarian cancer (OC) is one of the leading causes of death 
from gynecologic cancer in the United States [1]. OCs are 
often metastatic at the time of presentation, and are associ-
ated with a high rate of recurrence and poor prognosis [2]. 
Ovarian neoplasms are classified histogenetically by cell 
subtype: epithelial, stromal, or germ cell. Epithelial OC 
comprises 90% of malignant ovarian tumors [3]. OC metas-
tases may occur due to peritoneal, lymphatic, or hematog-
enous spread. Peritoneal implantation of cancer cells most 
commonly occurs along the peritoneal surfaces within the 
pelvis, bowel, liver surface, omentum, or diaphragm. Lym-
phatic drainage from the ovaries can cause external and 
common iliac, para-aortic, inguinal, and supraclavicular 
lymphadenopathy. Hematogenous spread most often affects 
the liver, lungs, brain, and bones [4–6].

Malignant ovarian tumors are usually first seen by imag-
ing—transvaginal ultrasonography (TVUS) or abdominal 

contrast-enhanced computed tomography (CT)—and the 
diagnosis is supported by the finding of elevated levels of the 
serum biomarker CA125 [7–9]. While CT is the most com-
mon imaging test used for staging and surveillance, other 
modalities are being increasingly used in the management of 
ovarian cancer. In this review, we discuss the current clinical 
role of positron emission tomography (PET)/CT and PET/
magnetic resonance imaging (MRI) for the identification, 
staging, and restaging of OC, as well as evaluation of treat-
ment response. We also discuss our experience with PET/
MRI in imaging OC, with emphasis on the advantages and 
challenges of this new hybrid imaging modality in gyneco-
logic cancers.

PET/CT

Since its introduction in the 1990s, PET/CT has become an 
extremely useful imaging modality for staging, restaging, 
and assessment of treatment response in oncology [10]. In 
this section, we will discuss the role of PET/CT in char-
acterization of adnexal mass, staging of ovarian cancer, 
evaluating treatment response and prognostication and in 
the management of recurrent disease.
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Role in characterization of an adnexal mass

PET/CT is not commonly used to characterize an adnexal 
mass, as physiologic uptake may be seen in normal ova-
ries, limiting its value. However, several authors have 
reported on the utility of PET/CT in characterization of 
pelvic masses (Table 1) [11]. Studies show that PET CT 
has 81–100% sensitivity and 93–95% specificity for diag-
nosing malignant ovarian tumor [12, 13].

PET/CT can also aid in distinguishing borderline ovar-
ian tumors from OCs. In a retrospective assessment of 
13 patients, PET/CT reported good sensitivity (83.3%), 
specificity (85.7%), and area under curve value (0.893; 
p = 0.0001) in distinguishing borderline ovarian tumors 
from stage I malignant ovarian tumors [16]; a cutoff maxi-
mum standard uptake value (SUVmax) of 3.7 differentiated 
borderline ovarian tumors from stage I malignant ovarian 
tumors. Similarly, in a prospective study of 30 patients the 
SUVmax in borderline tumors (2.0 ± 0.70) was significantly 
lower than that of malignant tumors (9.32 ± 4.58), but 
not significantly different compared with benign tumors 
(1.74 ± 1.44, p = 0.005) [22]. For detection of malignant 
or borderline malignant pelvic tumors, the sensitivity was 
71.4% and the specificity was 81.3%, and for OC, the sen-
sitivity was 100% and the specificity was 85.0%. In con-
cordance with prior studies, another retrospective study 
of 171 ovarian cancer patients reported a strong glycolytic 
phenotype (average SUVmax 7.6) in epithelial OC [20].

Few studies have compared the diagnostic performance 
of PET/CT with that of TVUS, CT, and MRI. Although 
TVUS remains the standard initial screening method for 
suspicious adnexal findings [15, 18], PET/CT can provide 
additional value to TVUS or CT findings. Castellucci et al. 
reported that PET/CT, compared with TVUS, had simi-
lar sensitivity (87% vs 90%), specificity (100% vs 61%), 
negative predictive value (81% vs 78%), positive predic-
tive value (100% vs 80%), and accuracy (92% vs 80%) in 
characterizing ovarian lesions [14]. A prospective study 
reported that PET/CT, compared with CT, had higher 
specificity (77% vs 38%) and similar sensitivity (93% vs 
96%) for characterizing malignant tumors [21]. Similarly, 
another prospective study also reported higher accuracy 
for PET/CT (92.1%) compared with pelvic ultrasonog-
raphy (83.0%) and abdominopelvic CT or pelvic MRI 
(74.9%; p = 0.013) in distinguishing malignant or border-
line ovarian tumors from benign tumors [19].

While the above studies report the utility of PET CT in 
diagnosing ovarian tumors, its cost effectiveness for this 
purpose remains unproven. Currently, pelvic ultrasound 
and MR are the most commonly used imaging modality 
for the diagnosis and characterization of ovarian tumors.

Role in staging of OC

PET/CT an effective imaging modality for staging OC, 
with 75.5–83.3% sensitivity, 68.4–99.4% specificity, 
87.5–95.3% positive predictive value, and 96.5–98.6% 
negative predictive value (Table 2) [23, 24]. PET/CT find-
ings can lead to an alteration in FIGO stage and modifi-
cations in the treatment plan. One study reported migra-
tion of FIGO stage III to stage IV OC after PET/CT in 
26% of patients [25]. Similarly, another prospective study 
reported upstaging to stage IV in 41% (27/66) of patients 
with advanced OC [26].

PET/CT has also shown better performance in staging 
OC compared with other modalities (CT or MRI). A meta-
analysis reported that PET/CT was more accurate (sensitiv-
ity 73.2%, specificity 96.7%, odds ratio 90.32) than CT and 
MRI in detection of lymph node metastasis in OC [31]. In 
another prospective assessment, PET/CT was superior to 
CT for the detection of carcinomatosis in subdiaphragmatic 
peritoneal surfaces (p = 0.020) and in the bowel mesentery 
(p = 0.001) in advanced epithelial OC [29]. PET/CT also 
detected higher rates of extra-abdominal disease spread 
than did CT (78% vs 60%). Similar results were obtained in 
another retrospective study of 40 patients [27]. PET/CT had 
higher lesion-based sensitivity (69.4% vs 37.6%), specificity 
(97.5% vs 97.1%), and accuracy (94.0% vs 89.7%) in pre-
operative staging of OC, when compared to CT. There were 
significant differences (p < 0.05) in sensitivity and accuracy 
between the imaging modalities. In addition, Dauwen et al. 
reported that PET/CT was better than CT in detecting retro-
peritoneal lymph node metastases, but not in detecting peri-
toneal metastases [21]. There was no statistically significant 
difference between the two modalities for FIGO staging.

Role in OC treatment prognosis and response 
evaluation

The metabolic parameters of PET/CT, such as SUVmax, 
total lesion glycolysis (TLG), and metabolic tumor volume 
(MTV), can provide important prognostic information and 
assess response to treatment (Fig. 1; Table 3). A prospective 
study with 33 metastatic ovarian cancer patient reported a 
significant correlation between PET metabolic response after 
the first (SUVmax 4.9 ± 2.8, p < 0.008) and third (SUVmax 
3.5 ± 2.8, p < 0.005) cycle of chemotherapy with overall sur-
vival in advanced-stage OC [32]. Liao et al. reported that in 
post-surgery OC patients, high whole-body TLG was asso-
ciated with poor prognosis (hazard ratio 1.043, p = 0.011) 
[33]. In yet another study, higher TLG was reported as an 
independent prognostic factor (p = 0.008) for disease pro-
gression after cytoreductive surgery in OC [34].
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PET/CT may also be useful in predicting prognosis in 
OC. One study reported that larger fractional decrease in 
TLG after 2 weeks of systemic therapy predicted partial 
response after 10 weeks (p = 0.037) in ovarian, breast, and 
endometrial cancers [46]. Also, a rise in SUV between the 
second and sixth week predicted progression (p = 0.034) 
was associated with worse progression-free survival 
(hazard ratio 1.068, p = 0.013). Vallius et al. reported that 
the median omental SUVmax change during neoadjuvant 
chemotherapy (NACT) was − 64% (range − 16% to − 84%) 
and was associated with treatment response (p = 0.004) 
[36]. The SUVmax decrease < 57% enabled identification 
of non-responders to NACT. In another study by the same 
group, MTV reduction < 85% was associated with progres-
sive (PD)/stable disease (SD) (70% sensitivity, 78% speci-
ficity, 0.79 AUC) and was able to identify candidates who 
may benefit by a change in management [35]. Similarly, 
poor outcome in epithelial OC was associated with higher 
values for MTV (p = 0.022, hazard ratio 5.571) and TLG 
(p = 0.037, hazard ratio 2.967) [38]. Gallicchio and col-
leagues compared all metabolic parameters for patients 
with peritoneal carcinomatosis from epithelial OC and 
reported that a quantitative assessment of MTV (p = 0.01), 
rather than SUVmax (p = 0.48) or TLG (p = 0.06), was help-
ful for stratifying patients [41]. MTV survival analysis 
showed significantly better OS in patients presenting with 
a high tumor burden than in those presenting with less 
burden (p = 0.01; 26 months vs 14 months); the higher the 
MTV, the better the response to chemotherapy [41].

Role in recurrent OC

Tumor recurrence is identified in 60–70% of OC patients and 
is one of the main prognostic factor in OC [47]. Hence early 
identification of tumor recurrence is critical in restaging and 
optimal management (Fig. 2; Table 4).

PET/CT is reported to have 41–97% sensitivity, 86–100% 
specificity, and 83–97% accuracy [49–52, 56, 60, 63–65, 
67, 71, 73–75]. The quantitative metabolic parameters from 
PET have been associated with optimal surgery outcome 
and progression-free survival in recurrent OC [66, 69]. A 
retrospective study of 56 recurrent OC patients showed that 
whole-body MTV and whole-body TLG (p = 0.008 for both) 
were significant prognostic factors for post-relapse survival 
(median PRS duration for surviving patients was 35 months, 
range 16–90 months).[69]. Another study reported that 
MTV above 7.52 mL (p = 0.0191) and/or TLG above 35.94 g 
(p = 0.0069) were associated with significantly shorter pro-
gression-free survival (estimates at 3.5 years) in recurrent 
OC [66].

Fulham et al. reported that PET/CT altered management 
in 80% of patients, detected new lesions in 77% of patients, 
and was superior to other modalities in detecting nodal, Ta
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peritoneal, and subcapsular liver disease in recurrent OC 
[72]. Similarly, another study reported that PET/CT altered 
the known disease distribution in 64% patients and had a 
high impact on the management plan in 57% of patients with 
recurrent OC [70]. PET/CT altered the apparent disease dis-
tribution in 61%, showing lower disease burden in 9% and 
higher disease burden in 52%, compared to prior findings 
on CT, clinical examination, and pathology. In a prospec-
tive data registry involving 22,975 studies of OC, 83.7% 
patients underwent PET/CT for initial staging, restaging, and 
recurrence detection. The researchers reported that physi-
cians changed their intended management plan in 36.5% of 
patients (95% confidence interval 35.9–37.2%) after review-
ing PET findings [61].

PET/CT has also shown better performance in detect-
ing recurrent OC compared to CA125 and CT. In a retro-
spective evaluation of 121 patients, PET/CT had superior 
overall sensitivity (82% vs 59% and 69%), specificity (87% 
vs 80% and 47%), accuracy (83% vs 63% and 66%), posi-
tive predictive value (96% vs 93% and 88%), and negative 
positive value (55% vs 32% and 21%) in detecting recurrent 
OC, compared with CA125 and CT [75]. Similarly, another 
study reported that PET/CT significantly outperformed CT 
in terms of sensitivity (96% vs 84%), specificity (92% vs 
59%), negative predictive value (90% vs 59%), positive pre-
dictive value (97% vs 84%), and accuracy (95% vs 76%; 
p < 0.05) in detecting recurrent OC [49].[51]. PET CT is 
also reported to have better performance in detecting recur-
rent OC, compared to MR. Sanli et al. reported that, com-
pared with MRI, PET/CT had superior sensitivity (97.5% vs 
95%), specificity (100% vs 85.7%), positive predictive value 
(100% vs 97.4%), negative predictive value (87.5% vs 75%), 
and diagnostic accuracy (97.8% vs 93.6%) in the detection 
of < 2-cm peritoneal implants in recurrent OC [54]. A meta-
analysis with 34 articles analyzed the diagnostic accuracy of 
CA125, PET alone, PET/CT, CT, and MRI in recurrent OC 
[52]. They reported pooled sensitivities of 69% for CA125, 
79% for CT, 75% for MRI, and 91% for PET/CT; pooled spe-
cificities of 93% for CA125, 84% for CT, 78% for MRI, and 
88% for PET/CT; and area under the curve values of 0.92 
for CA125, 0.88 for CT, 0.78 for MRI, and 0.95 for PET/CT, 
and they concluded that PET/CT has a useful supplemental Ta
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Fig. 1   A 77-year-old woman with high-grade serous ovarian cancer 
with peritoneal carcinomatosis. a Axial contrast-enhanced computed 
tomography (CT) and b axial positron emission tomography (PET)/
CT images showed FDG-avid (maximum standardized uptake value 
5.9) nodularity at the left anterior lower abdomen (arrow), consistent 
with peritoneal carcinomatosis. At follow-up after 3  months of sys-
temic therapy, axial non-contrast-enhanced CT c and axial PET/CT 
images d showed excellent response to interval therapy, with marked 
decrease in size and resolution of FDG avidity at peritoneal carcino-
matosis. Coronal maximum intensity projection at baseline (e) and 
after 3 months of systemic therapy (f) showed treatment response

◂
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role in surveillance, particularly in patients with increasing 
CA125 levels and negative CT and MRI findings.

Pitfalls

On cross-sectional imaging of early OC, it may be difficult 
to detect small implants which is a major limitation [76] 
(Fig. 3). False-negative results can occur in patients with 
low-grade tumors and in the early stages of OC [11, 77]. The 
clear cell or mucinous malignancies have been reported to 
have low-level FDG uptake [64, 78]. Hence, the sensitivity 
of FDG PET/CT for the detection of these neoplasms has 
been reported to be relatively low. Similarly, large cystic 
or necrotic tumors can yield false-negative results at PET/
CT, due to the reduced cellularity and fewer viable cancer 
cells [11, 13]. Also, postoperative changes and granulation 
tissue may show FDG uptake and result in false-positive 
findings [11]. Also, the bowel uptake can be physiologic 
and may mask serosal involvement with tumor [11, 13]. In 
addition, false-positive findings can result from physiologic 
ovarian uptake, which is common during ovulation and the 
early luteal phase of the menstrual cycle in premenopausal 
women. Also postoperative abscesses and perforated vis-
cera may demonstrate FDG uptake. Similarly, endometrio-
mas, fibromas, and benign lesions such as corpus luteum 
cysts, dermoid cysts, serous cysts, and salpingitis may have 
increased metabolic activity [11, 79] (Fig. 4) [11, 77].

PET/MRI

PET/MRI is a hybrid imaging modality composed of PET 
and MRI, and can provide combined anatomical and meta-
bolic imaging similar to PET and CT [80, 81]. The aim is to 
combine the high soft tissue contrast and functional informa-
tion of MRI with the metabolic activity of whole-body PET. 
MRI is seen as more effective for local disease evaluation 
[82] and PET/CT as more effective for identifying distant 
metastasis and suspected recurrence in gynecologic cancers. 
There is, thus, an opportunity for “one-stop shopping” and 
better anatomic localization with integrated PET/MRI [76, 
81, 83, 84].

Several recent publications have described initial experi-
ences with PET/MRI in mixed populations of patients with 
various gynecologic malignancies (Table 5). These studies 
evaluated the role of PET/MRI in initial characterization and 
staging [85–87], evaluation of advanced disease [88], and 
detecting recurrence [89–91] of gynecologic malignancies 
(Figs. 5, 6, 7, 8, and 9).

In a retrospective assessment of 26 patients for evaluating 
adnexal lesions, PET/MRI had higher sensitivity (94% vs 
74%), specificity (100% vs 80%), positive predictive value 
(100% vs 93%), and negative predictive value (83% vs 44%) 
compared with PET/CT [85]. In that study, PET/CT detected 
only 74% of malignant lesions (14/19), whereas PET/MRI 
detected 95% of malignant lesions (18/19). Another study 
used a three-point grading score and reported that PET/
T2-weighted imaging (2.72 ± 0.54) localized the lesion in 
gynecologic malignancies significantly more convincingly 
than PET/CT (2.23 ± 0.50) or PET/T1-weighted imaging 
(2.29 ± 0.53; p < 0.01) [86]. Grueneisen et al. assessed the 
value of diffusion-weighted imaging in PET/MRI for diagno-
sis of primary and recurrent pelvic malignancies [87]. They 
reported that adding diffusion-weighting imaging to PET/
MRI increased sensitivity (92.9% to 94.9%), NPV (75.0% 
to 80.0%), and diagnostic accuracy (91.8% to 92.6) [88].

The effectiveness of PET/MRI in detecting recurrent OC 
has also been evaluated. Grueneisen and group compared the 
diagnostic performance of PET/MRI with that of PET/CT 
for detecting recurrence of pelvic malignancies [90]. They 
found that, compared with PET/MRI, PET/CTs lesion-based 
sensitivity (82% vs 85%), specificity (91% vs 87%), positive 
predictive value (97% vs 96%), negative predictive value 
(58% vs 63%), and diagnostic accuracy (84% vs 86%) did not 
significantly differ (p > 0.05) in terms of detecting malignant 
lesions. Other studies have also reported equivalent diagnos-
tic performance of PET/MRI compared to PET/CT [89, 91, 
92, 94, 95, 97].

Challenges

Combining PET and MRI into a single acquisition is techni-
cally challenging. However, the development of new solid-
state PET detectors, which function in the presence of mag-
netic fields, has made a single acquisition of PET and MRI 
possible [98].

One challenge is that MRI acquisitions are not based on 
X-rays and do not provide a direct reference for attenuation 
correction by the body [99]. To overcome this, Dixon-based 
technique (where one image is acquired with fat and water 
signals in phase and another image is acquired with fat and 
water signal out of phase) has been used as a reference for 
attenuation correction [100]. Segmenting the body from 

Fig. 2   A 73-year-old woman with recurrent high-grade serous ovar-
ian carcinoma, after neoadjuvant chemotherapy followed by surgery 
and additional chemotherapy. a Axial contrast-enhanced computed 
tomography (CT) and b axial positron emission tomography (PET)/
CT images showed no evidence of FDG-avid recurrent or metastatic 
ovarian carcinoma. At follow-up after 3 months of systemic therapy, 
axial non-contrast-enhanced CT (c) and axial PET/CT images d 
showed interval progression with FDG-avid para-aortic adenopathy 
(arrow) and pericolonic nodule abutting the ascending colon (arrow-
head). Coronal maximum intensity projection at baseline (e) and after 
3 months of systemic therapy (f) showed interval progression. Bilat-
eral ureteral stents were placed

◂
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Fig. 3   Pitfalls of PET/CT. A 72-year-old female with metastatic 
esophageal carcinoma. a Axial non-contrast-enhanced CT and b 
Axial PET/CT images show a 0.5 cm right upper quadrant peritoneal 
nodule (arrow) with no FDG uptake due to small size. c Axial non-
contrast-enhanced CT and d Axial PET/CT images after 4  months 

show interval increase in the 1.8  cm nodule (arrow) with no FDG 
uptake. e Axial non-contrast-enhanced CT and f Axial PET/CT 
images after 2  months show progressive increase in the size of the 
peritoneal nodule (arrow) with FDG uptake
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Dixon-based technique information allows an attenuation 
map to be generated [101].

Imaging of the lungs using MRI is also challenging. 
Ultrashort-echo and zero-echo time pulse could potentially 
be used to detect small nodules, but in general reduced sen-
sitivity to small lung nodules remains a limitation of PET/
MRI compared with PET/CT [102, 103]. Continuous res-
piratory and bowel motion occurs during PET/MRI acquisi-
tion, and this motion presents a particular challenge when 
acquiring images of the abdomen and upper pelvis [104].

Even though there is a benefit of lower radiation exposure 
reduction with PET/MR than PET/CT, the longer duration of 
imaging acquisition with PET/MR than to PET/CT and the 
lack of widespread availability of PET/MR in the radiology 
non-academic setting have abated the utilization of PET/
MR in clinical practice. Finally, the National Comprehensive 
Cancer Network [105] and American College of Radiology 
appropriateness guidelines [106] do not have enough evi-
dence to use PET-MR as standard of care imaging. However, 
since these guidelines do recommend use of PET and MRI 
individually in the management of OC, it is likely that this 
promising hybrid imaging technique would soon be included 
for this indication.

Future perspective

Newer MRI techniques such as dynamic contrast enhance-
ment, diffusion-weighted imaging, intrinsic susceptibil-
ity weighting, and spectroscopy could increase the diag-
nostic ability of MRI to detect and characterize lesions 
[107–109]. In addition, the expanding field of radiomics 

in OC is also emerging as a promising tool [110, 111]. 
Numerous novel PET tracers have been introduced for 
the evaluation of tumors. Some other tracers, such as 
18F-fluoromisonidazole [112], copper-labeled diacetyl-
bis (N4-methylthiosemicarbazone) [113], 16a-18F-fluoro-
17b-estradiol [114], and 18F-3′-fluoro-3′-deoxythymidine 
[115], have shown promising results in evaluating can-
cers. Novel MRI tracers, such as ferumoxytol [116] and 
hyperpolarized 13C [117], are under development as an 
alternative to FDG. Also, high-resolution delineation of 
the tumor in PET/MRI permits precise tumor delineation 
and can also be useful for optimal stereotactic radiosurgery 
[118].

Conclusion

PET/CT and PET/MRI may help in staging and assess-
ment of recurrent disease in ovarian cancer. The metabolic 
parameters such as SUV, MTV, and TLG obtained from 
PET/CT and PET/MR have been shown to be useful sur-
rogate markers for response to therapy, OS, and PFS. The 
development of novel targeted therapies and PET tracers 
will further expand the role of these imaging modalities. 
Nevertheless, more prospective studies with standardized 
protocols must be conducted before hybrid molecular 
imaging can be established as an acceptable mainstream 
imaging modality for OC and to outweigh the added cost 
and exposure to ionizing radiation.

Fig. 4   False-positive PET/CT finding. A 65-year-old female with 
endometrial carcinoma. a Axial PET/CT images show hypermeta-
bolic activity in left adnexa and uterine body (arrow). b Axial T2WI 

and c post-contrast T1WI show non-enhancing dilated tubular struc-
ture in the left adnexa suggestive of a hydrosalpinx (arrow) with some 
fluid (asterisk)
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Fig. 5   A 55-year-old woman with high-grade Mullerian carcinoma. a 
Axial T2-weighted imaging (T2WI), b sagittal T2WI, c coronal fused 
and d axial post-contrast T1WI, T2WI magnetic resonance imaging 
(MRI) and e axial fused T2WI, f sagittal fused T2WI, and g coronal 
fused T2WI positron emission tomography/MRI showed an FDG-

avid large complex right adnexal mass (arrow) with an enhancing soft 
tissue component within the mass and restricted diffusion. h An axial 
contrast-enhanced computed tomography image showed a complex 
right adnexal mass (arrow). b: urinary bladder

Fig. 6   A 71-year-old woman with high-grade serous carcinoma. 
a Axial T2-weighted imaging (T2WI), b sagittal T2WI, c coro-
nal T2WI, d axial post-contrast T1WI magnetic resonance imaging 
(MRI), and e axial fused T2WI, f sagittal fused T2WI, and g coronal 
fused T2WI positron emission tomography/MRI showed an FDG-

avid large complex left adnexal mass (arrow) with an enhancing soft 
tissue component within the mass and restricted diffusion. h An axial 
contrast-enhanced computed tomography image showed a complex 
left adnexal mass (arrow). b: urinary bladder, v: vagina
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Fig. 7   A 72-year-old woman with high-grade serous carcinoma with 
peritoneal carcinomatosis. a Axial T2-weighted imaging (T2WI), 
b sagittal T2WI, c coronal fused T2WI, d axial post-contrast T1WI, 
magnetic resonance imaging (MRI), and e axial fused T2WI, f sagit-
tal fused T2WI, and g coronal fused T2WI positron emission tomog-

raphy/MRI showed an FDG-avid primary adnexal mass (thin arrow) 
with tumor implants (arrow) and extensive peritoneal disease (aster-
isk). h An axial contrast-enhanced computed tomography image from 
1  month prior to the other images showed a complex left adnexal 
mass (arrow) with peritoneal disease (asterisk)

Fig. 8   A 68-year-old woman with high-grade serous carcinoma. 
a Axial T2-weighted imaging (T2WI), b sagittal T2WI, c coronal 
T2WI, d axial post-contrast T1WI, magnetic resonance imaging 
(MRI), and e axial fused T2WI, f sagittal fused T2WI, and g coro-
nal fused T2WI positron emission tomography (PET)/MRI showed 

an FDG-avid mass in the right adnexa (arrow). h An axial contrast-
enhanced computed tomography (CT) image showed a complex right 
adnexal mass (arrow). i Axial T2WI and j axial post-contrast T1WI 
MRI, and k axial fused T2WI PET/MRI. A left hip prosthesis was 
present (asterisk). b: urinary bladder, v: vagina, r: rectum, u: ureter



2344	 Abdominal Radiology (2021) 46:2323–2349

1 3

Acknowledgements  Scientific Publication Department.

Funding  No financial support.

Compliance with ethical standards 

Conflict of interest  No potential conflict of interest to report.

References

	 1.	 CDC (2020) Cancer Stat Facts: Ovarian Cancer. https​://seer.
cance​r.gov/statf​acts/html/ovary​.html.

	 2.	 Forstner R, Meissnitzer M, Cunha TM (2016) Update on Imag-
ing of Ovarian Cancer. Curr Radiol Rep 4:31. https​://doi.
org/10.1007/s4013​4-016-0157-9

	 3.	 Torre LA, Trabert B, DeSantis CE, Miller KD, Samimi G, 
Runowicz CD, Gaudet MM, Jemal A, Siegel RL (2018) Ovarian 
cancer statistics, 2018. CA: a cancer journal for clinicians 68 
(4):284–296. https​://doi.org/10.3322/caac.21456​

	 4.	 Forstner R, Hricak H, Occhipinti KA, Powell CB, Frankel SD, 
Stern JL (1995) Ovarian cancer: staging with CT and MR imag-
ing. Radiology 197 (3):619-626. https​://doi.org/10.1148/radio​
logy.197.3.74807​29

	 5.	 Chung HH, Kang WJ, Kim JW, Park NH, Song YS, Chung 
JK, Kang SB, Lee HP (2007) Role of [18F]FDG PET/CT in 
the assessment of suspected recurrent ovarian cancer: correla-
tion with clinical or histological findings. European journal of 
nuclear medicine and molecular imaging 34 (4):480-486. https​
://doi.org/10.1007/s0025​9-006-0260-x

	 6.	 Coakley FV (2002) Staging ovarian cancer: role of imaging. 
Radiologic clinics of North America 40 (3):609-636. https​://
doi.org/10.1016/s0033​-8389(01)00012​-4

	 7.	 Javadi S, Ganeshan DM, Qayyum A, Iyer RB, Bhosale P (2016) 
Ovarian Cancer, the Revised FIGO Staging System, and the 
Role of Imaging. AJR American journal of roentgenology 206 
(6):1351-1360. https​://doi.org/10.2214/ajr.15.15199​

	 8.	 Kemppainen J, Hynninen J, Virtanen J, Seppänen M (2019) 
PET/CT for Evaluation of Ovarian Cancer. Seminars in nuclear 
medicine 49 (6):484-492. https​://doi.org/10.1053/j.semnu​clmed​
.2019.06.010

	 9.	 Marzola MC, Chondrogiannis S, Rubello D (2018) Fludeoxyglu-
cose F 18 PET/CT Assessment of Ovarian Cancer. PET clinics 
13 (2):179-202. https​://doi.org/10.1016/j.cpet.2017.11.005

	 10.	 Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch 
K, Eschner W, Verzijlbergen FJ, Barrington SF, Pike LC, Weber 
WA, Stroobants S, Delbeke D, Donohoe KJ, Holbrook S, Graham 
MM, Testanera G, Hoekstra OS, Zijlstra J, Visser E, Hoekstra CJ, 
Pruim J, Willemsen A, Arends B, Kotzerke J, Bockisch A, Beyer 
T, Chiti A, Krause BJ (2015) FDG PET/CT: EANM procedure 
guidelines for tumour imaging: version 2.0. European journal 
of nuclear medicine and molecular imaging 42 (2):328–354. 
doi:https​://doi.org/10.1007/s0025​9-014-2961-x

	 11.	 Lakhani A, Khan SR, Bharwani N, Stewart V, Rockall AG, Khan 
S, Barwick TD (2017) FDG PET/CT Pitfalls in Gynecologic 
and Genitourinary Oncologic Imaging. Radiographics : a review 
publication of the Radiological Society of North America, Inc 37 
(2):577–594. doi:https​://doi.org/10.1148/rg.20171​60059​

	 12.	 Risum S, Høgdall C, Loft A, Berthelsen AK, Høgdall E, Ned-
ergaard L, Lundvall L, Engelholm SA (2007) The diagnostic 
value of PET/CT for primary ovarian cancer--a prospective 
study. Gynecologic oncology 105 (1):145-149. https​://doi.
org/10.1016/j.ygyno​.2006.11.022

	 13.	 Tanizaki Y, Kobayashi A, Shiro M, Ota N, Takano R, Mabuchi 
Y, Yagi S, Minami S, Terada M, Ino K (2014) Diagnostic value 
of preoperative SUVmax on FDG-PET/CT for the detection of 
ovarian cancer. Int J Gynecol Cancer 24 (3):454-460. https​://doi.
org/10.1097/igc.00000​00000​00007​4

Fig. 9   A 29-year-old woman with endometrioma. a Axial 
T2-weighted imaging (T2WI), b sagittal T2WI, c coronal T2WI, d 
axial post-contrast T1WI magnetic resonance imaging (MRI), and e 
axial fused T2WI, f sagittal fused T2WI, and g coronal fused T2WI 
positron emission tomography/MRI showed a large right adnexal 

mass (arrow) with no enhancement and with mild restricted diffusion. 
h An axial contrast-enhanced computed tomography image showed a 
complex appearing right adnexal cystic mass (arrow). b: urinary blad-
der, v: vagina

https://seer.cancer.gov/statfacts/html/ovary.html
https://seer.cancer.gov/statfacts/html/ovary.html
https://doi.org/10.1007/s40134-016-0157-9
https://doi.org/10.1007/s40134-016-0157-9
https://doi.org/10.3322/caac.21456
https://doi.org/10.1148/radiology.197.3.7480729
https://doi.org/10.1148/radiology.197.3.7480729
https://doi.org/10.1007/s00259-006-0260-x
https://doi.org/10.1007/s00259-006-0260-x
https://doi.org/10.1016/s0033-8389(01)00012-4
https://doi.org/10.1016/s0033-8389(01)00012-4
https://doi.org/10.2214/ajr.15.15199
https://doi.org/10.1053/j.semnuclmed.2019.06.010
https://doi.org/10.1053/j.semnuclmed.2019.06.010
https://doi.org/10.1016/j.cpet.2017.11.005
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1148/rg.2017160059
https://doi.org/10.1016/j.ygyno.2006.11.022
https://doi.org/10.1016/j.ygyno.2006.11.022
https://doi.org/10.1097/igc.0000000000000074
https://doi.org/10.1097/igc.0000000000000074


2345Abdominal Radiology (2021) 46:2323–2349	

1 3

	 14.	 Castellucci P, Perrone AM, Picchio M, Ghi T, Farsad M, Nanni 
C, Messa C, Meriggiola MC, Pelusi G, Al-Nahhas A, Rubello 
D, Fazio F, Fanti S (2007) Diagnostic accuracy of 18F-FDG 
PET/CT in characterizing ovarian lesions and staging ovarian 
cancer: correlation with transvaginal ultrasonography, computed 
tomography, and histology. Nuclear medicine communications 
28 (8):589-595. https​://doi.org/10.1097/MNM.0b013​e3281​afa25​
6

	 15.	 Rieber A, Nüssle K, Stöhr I, Grab D, Fenchel S, Kreienberg R, 
Reske SN, Brambs HJ (2001) Preoperative diagnosis of ovarian 
tumors with MR imaging: comparison with transvaginal sonog-
raphy, positron emission tomography, and histologic findings. 
AJR American journal of roentgenology 177 (1):123-129. https​
://doi.org/10.2214/ajr.177.1.17701​23

	 16.	 Kim C, Chung HH, Oh SW, Kang KW, Chung JK, Lee DS 
(2013) Differential Diagnosis of Borderline Ovarian Tumors 
from Stage I Malignant Ovarian Tumors using FDG PET/CT. 
Nuclear medicine and molecular imaging 47 (2):81-88. https​://
doi.org/10.1007/s1313​9-013-0197-5

	 17.	 Fenchel S, Grab D, Nuessle K, Kotzerke J, Rieber A, Kreienberg 
R, Brambs HJ, Reske SN (2002) Asymptomatic adnexal masses: 
correlation of FDG PET and histopathologic findings. Radiology 
223 (3):780-788. https​://doi.org/10.1148/radio​l.22330​01850​

	 18.	 Hubner KF, McDonald TW, Niethammer JG, Smith GT, Gould 
HR, Buonocore E (1993) Assessment of primary and metastatic 
ovarian cancer by positron emission tomography (PET) using 
2-[18F]deoxyglucose (2-[18F]FDG). Gynecologic oncology 51 
(2):197-204.https​://doi.org/10.1006/gyno.1993.1272

	 19.	 Nam EJ, Yun MJ, Oh YT, Kim JW, Kim JH, Kim S, Jung YW, 
Kim SW, Kim YT (2010) Diagnosis and staging of primary ovar-
ian cancer: correlation between PET/CT, Doppler US, and CT 
or MRI. Gynecologic oncology 116 (3):389-394. https​://doi.
org/10.1016/j.ygyno​.2009.10.059

	 20.	 Karantanis D, Allen-Auerbach M, Czernin J (2012) Relationship 
among glycolytic phenotype, grade, and histological subtype in 
ovarian carcinoma. Clinical nuclear medicine 37 (1):49-53. https​
://doi.org/10.1097/RLU.0b013​e3182​291e0​3

	 21.	 Dauwen H, Van Calster B, Deroose CM, Op de Beeck K, Amant 
F, Neven P, Berteloot P, Leunen K, Timmerman D, Vergote I 
(2013) PET/CT in the staging of patients with a pelvic mass sus-
picious for ovarian cancer. Gynecologic oncology 131 (3):694-
700. https​://doi.org/10.1016/j.ygyno​.2013.08.020

	 22.	 Yamamoto Y, Oguri H, Yamada R, Maeda N, Kohsaki S, Fukaya 
T (2008) Preoperative evaluation of pelvic masses with com-
bined 18F-fluorodeoxyglucose positron emission tomography 
and computed tomography. International journal of gynaecol-
ogy and obstetrics: the official organ of the International Federa-
tion of Gynaecology and Obstetrics 102 (2):124-127. https​://doi.
org/10.1016/j.ijgo.2008.02.019

	 23.	 Signorelli M, Guerra L, Pirovano C, Crivellaro C, Fruscio R, 
Buda A, Cuzzucrea M, Elisei F, Ceppi L, Messa C (2013) 
Detection of nodal metastases by 18F-FDG PET/CT in appar-
ent early stage ovarian cancer: a prospective study. Gyneco-
logic oncology 131 (2):395-399. https​://doi.org/10.1016/j.
ygyno​.2013.08.022

	 24.	 De Iaco P, Musto A, Orazi L, Zamagni C, Rosati M, Allegri V, 
Cacciari N, Al-Nahhas A, Rubello D, Venturoli S, Fanti S (2011) 
FDG-PET/CT in advanced ovarian cancer staging: value and pit-
falls in detecting lesions in different abdominal and pelvic quad-
rants compared with laparoscopy. European journal of radiology 
80 (2):e98-103. https​://doi.org/10.1016/j.ejrad​.2010.07.013

	 25.	 Fruscio R, Sina F, Dolci C, Signorelli M, Crivellaro C, Dell’Anna 
T, Cuzzocrea M, Guerra L, Milani R, Messa C (2013) Preopera-
tive 18F-FDG PET/CT in the management of advanced epithelial 
ovarian cancer. Gynecologic oncology 131 (3):689-693. https​://
doi.org/10.1016/j.ygyno​.2013.09.024

	 26.	 Risum S, Høgdall C, Loft A, Berthelsen AK, Høgdall E, Neder-
gaard L, Lundvall L, Engelholm SA (2010) Does the use of diag-
nostic PET/CT cause stage migration in patients with primary 
advanced ovarian cancer? Gynecologic oncology 116 (3):395-
398. https​://doi.org/10.1016/j.ygyno​.2009.12.008

	 27.	 Kitajima K, Murakami K, Yamasaki E, Kaji Y, Fukasawa I, Inaba 
N, Sugimura K (2008) Diagnostic accuracy of integrated FDG-
PET/contrast-enhanced CT in staging ovarian cancer: compari-
son with enhanced CT. European journal of nuclear medicine and 
molecular imaging 35 (10):1912-1920. https​://doi.org/10.1007/
s0025​9-008-0890-2

	 28.	 Michielsen K, Vergote I, Op de Beeck K, Amant F, Leunen 
K, Moerman P, Deroose C, Souverijns G, Dymarkowski S, De 
Keyzer F, Vandecaveye V (2014) Whole-body MRI with diffu-
sion-weighted sequence for staging of patients with suspected 
ovarian cancer: a clinical feasibility study in comparison to CT 
and FDG-PET/CT. European radiology 24 (4):889-901. https​://
doi.org/10.1007/s0033​0-013-3083-8

	 29.	 Hynninen J, Kemppainen J, Lavonius M, Virtanen J, Matomäki J, 
Oksa S, Carpén O, Grénman S, Seppänen M, Auranen A (2013) 
A prospective comparison of integrated FDG-PET/contrast-
enhanced CT and contrast-enhanced CT for pretreatment imag-
ing of advanced epithelial ovarian cancer. Gynecologic oncology 
131 (2):389-394. https​://doi.org/10.1016/j.ygyno​.2013.08.023

	 30.	 Lee IO, Lee JY, Kim HJ, Nam EJ, Kim S, Kim SW, Lee CY, 
Kang WJ, Kim YT (2018) Prognostic significance of supra-
diaphragmatic lymph node metastasis detected by (18)F-FDG 
PET/CT in advanced epithelial ovarian cancer. BMC cancer 18 
(1):1165. https​://doi.org/10.1186/s1288​5-018-5067-1

	 31.	 Yuan Y, Gu ZX, Tao XF, Liu SY (2012) Computer tomography, 
magnetic resonance imaging, and positron emission tomogra-
phy or positron emission tomography/computer tomography for 
detection of metastatic lymph nodes in patients with ovarian can-
cer: a meta-analysis. European journal of radiology 81 (5):1002-
1006. https​://doi.org/10.1016/j.ejrad​.2011.01.112

	 32.	 Avril N, Sassen S, Schmalfeldt B, Naehrig J, Rutke S, Weber 
WA, Werner M, Graeff H, Schwaiger M, Kuhn W (2005) Pre-
diction of response to neoadjuvant chemotherapy by sequen-
tial F-18-fluorodeoxyglucose positron emission tomography 
in patients with advanced-stage ovarian cancer. Journal of 
clinical oncology : official journal of the American Society of 
Clinical Oncology 23 (30):7445-7453. https​://doi.org/10.1200/
jco.2005.06.965

	 33.	 Liao S, Lan X, Cao G, Yuan H, Zhang Y (2013) Prognostic 
predictive value of total lesion glycolysis from 18F-FDG PET/
CT in post-surgical patients with epithelial ovarian cancer. Clini-
cal nuclear medicine 38 (9):715-720. https​://doi.org/10.1097/
RLU.0b013​e3182​9f57f​a

	 34.	 Lee JW, Cho A, Lee JH, Yun M, Lee JD, Kim YT, Kang WJ 
(2014) The role of metabolic tumor volume and total lesion gly-
colysis on 18F-FDG PET/CT in the prognosis of epithelial ovar-
ian cancer. European journal of nuclear medicine and molecu-
lar imaging 41 (10):1898-1906. https​://doi.org/10.1007/s0025​
9-014-2803-x

	 35.	 Vallius T, Hynninen J, Kemppainen J, Alves V, Auranen K, 
Matomäki J, Oksa S, Virtanen J, Grénman S, Auranen A, Sep-
pänen M (2018) (18)F-FDG-PET/CT based total metabolic 
tumor volume change during neoadjuvant chemotherapy predicts 
outcome in advanced epithelial ovarian cancer. European journal 
of nuclear medicine and molecular imaging 45 (7):1224-1232. 
https​://doi.org/10.1007/s0025​9-018-3961-z

	 36.	 Vallius T, Peter A, Auranen A, Carpén O, Kemppainen J, 
Matomäki J, Oksa S, Roering P, Seppänen M, Grénman S, Hyn-
ninen J (2016) 18F-FDG-PET/CT can identify histopathological 
non-responders to platinum-based neoadjuvant chemotherapy in 

https://doi.org/10.1097/MNM.0b013e3281afa256
https://doi.org/10.1097/MNM.0b013e3281afa256
https://doi.org/10.2214/ajr.177.1.1770123
https://doi.org/10.2214/ajr.177.1.1770123
https://doi.org/10.1007/s13139-013-0197-5
https://doi.org/10.1007/s13139-013-0197-5
https://doi.org/10.1148/radiol.2233001850
https://doi.org/10.1006/gyno.1993.1272
https://doi.org/10.1016/j.ygyno.2009.10.059
https://doi.org/10.1016/j.ygyno.2009.10.059
https://doi.org/10.1097/RLU.0b013e3182291e03
https://doi.org/10.1097/RLU.0b013e3182291e03
https://doi.org/10.1016/j.ygyno.2013.08.020
https://doi.org/10.1016/j.ijgo.2008.02.019
https://doi.org/10.1016/j.ijgo.2008.02.019
https://doi.org/10.1016/j.ygyno.2013.08.022
https://doi.org/10.1016/j.ygyno.2013.08.022
https://doi.org/10.1016/j.ejrad.2010.07.013
https://doi.org/10.1016/j.ygyno.2013.09.024
https://doi.org/10.1016/j.ygyno.2013.09.024
https://doi.org/10.1016/j.ygyno.2009.12.008
https://doi.org/10.1007/s00259-008-0890-2
https://doi.org/10.1007/s00259-008-0890-2
https://doi.org/10.1007/s00330-013-3083-8
https://doi.org/10.1007/s00330-013-3083-8
https://doi.org/10.1016/j.ygyno.2013.08.023
https://doi.org/10.1186/s12885-018-5067-1
https://doi.org/10.1016/j.ejrad.2011.01.112
https://doi.org/10.1200/jco.2005.06.965
https://doi.org/10.1200/jco.2005.06.965
https://doi.org/10.1097/RLU.0b013e31829f57fa
https://doi.org/10.1097/RLU.0b013e31829f57fa
https://doi.org/10.1007/s00259-014-2803-x
https://doi.org/10.1007/s00259-014-2803-x
https://doi.org/10.1007/s00259-018-3961-z


2346	 Abdominal Radiology (2021) 46:2323–2349

1 3

advanced epithelial ovarian cancer. Gynecologic oncology 140 
(1):29-35. https​://doi.org/10.1016/j.ygyno​.2015.10.018

	 37.	 Caobelli F, Alongi P, Evangelista L, Picchio M, Saladini G, Rensi 
M, Geatti O, Castello A, Laghai I, Popescu CE, Dolci C, Criv-
ellaro C, Seghezzi S, Kirienko M, De Biasi V, Cocciolillo F, 
Quartuccio N (2016) Predictive value of (18)F-FDG PET/CT in 
restaging patients affected by ovarian carcinoma: a multicentre 
study. European journal of nuclear medicine and molecular imag-
ing 43 (3):404-413. https​://doi.org/10.1007/s0025​9-015-3184-5

	 38.	 Chung HH, Kwon HW, Kang KW, Park NH, Song YS, Chung 
JK, Kang SB, Kim JW (2012) Prognostic value of preoperative 
metabolic tumor volume and total lesion glycolysis in patients 
with epithelial ovarian cancer. Annals of surgical oncology 19 
(6):1966-1972. https​://doi.org/10.1245/s1043​4-011-2153-x

	 39.	 Konishi H, Takehara K, Kojima A, Okame S, Yamamoto Y, Shi-
royama Y, Yokoyama T, Nogawa T, Sugawara Y (2014) Maxi-
mum standardized uptake value of fluorodeoxyglucose positron 
emission tomography/computed tomography is a prognostic fac-
tor in ovarian clear cell adenocarcinoma. International journal 
of gynecological cancer : official journal of the International 
Gynecological Cancer Society 24 (7):1190-1194. https​://doi.
org/10.1097/igc.00000​00000​00018​0

	 40.	 Risum S, Loft A, Engelholm SA, Høgdall E, Berthelsen AK, 
Nedergaard L, Lundvall L, Høgdall C (2012) Positron emission 
tomography/computed tomography predictors of overall survival 
in stage IIIC/IV ovarian cancer. International journal of gyneco-
logical cancer : official journal of the International Gynecologi-
cal Cancer Society 22 (7):1163-1169. https​://doi.org/10.1097/
IGC.0b013​e3182​606ec​b

	 41.	 Gallicchio R, Nardelli A, Venetucci A, Capacchione D, Pelagalli 
A, Sirignano C, Mainenti P, Pedicini P, Guglielmi G, Storto G 
(2017) F-18 FDG PET/CT metabolic tumor volume predicts 
overall survival in patients with disseminated epithelial ovarian 
cancer. European journal of radiology 93:107-113. https​://doi.
org/10.1016/j.ejrad​.2017.05.036

	 42.	 Bats AS, Hugonnet F, Huchon C, Bensaid C, Pierquet-Ghazzar 
N, Faraggi M, Lécuru F (2012) Prognostic significance of medi-
astinal 18F-FDG uptake in PET/CT in advanced ovarian cancer. 
European journal of nuclear medicine and molecular imaging 39 
(3):474-480. https​://doi.org/10.1007/s0025​9-011-1984-9

	 43.	 Hynninen J, Laasik M, Vallius T, Kemppainen J, Grönroos S, 
Virtanen J, Casado J, Hautaniemi S, Grenman S, Seppänen M, 
Auranen A (2018) Clinical Value of (18)F-fluorodeoxyglucose 
Positron Emission Tomography/Computed Tomography in 
Response Evaluation after Primary Treatment of Advanced 
Epithelial Ovarian Cancer. Clinical oncology (Royal College 
of Radiologists (Great Britain)) 30 (8):507–514. https​://doi.
org/10.1016/j.clon.2018.04.007

	 44.	 Martoni AA, Fanti S, Zamagni C, Rosati M, De Iaco P, D’Errico 
Grigioni A, Castellucci P, Quercia S, Musto A, Ricci Maccarini 
L, Lopci E, Bernardi A (2011) [18F]FDG-PET/CT monitoring 
early identifies advanced ovarian cancer patients who will ben-
efit from prolonged neo-adjuvant chemotherapy. The quarterly 
journal of nuclear medicine and molecular imaging : official pub-
lication of the Italian Association of Nuclear Medicine (AIMN) 
[and] the International Association of Radiopharmacology 
(IAR), [and] Section of the So 55 (1):81–90

	 45.	 Ye S, Liu S, Zhou S, Xiang L, Wu X, Yang H (2020) The role 
of 18F-FDG PET/CT-based quantitative metabolic parameters 
in patients with ovarian clear cell carcinoma. Cancer biomark-
ers : section A of Disease markers 27 (2):189-194. https​://doi.
org/10.3233/cbm-19090​4

	 46.	 Boers-Sonderen MJ, de Geus-Oei LF, Desar IM, van der Graaf 
WT, Oyen WJ, Ottevanger PB, van Herpen CM (2014) Tem-
sirolimus and pegylated liposomal doxorubicin (PLD) combina-
tion therapy in breast, endometrial, and ovarian cancer: phase Ib 

results and prediction of clinical outcome with FDG-PET/CT. 
Targeted oncology 9 (4):339-347. https​://doi.org/10.1007/s1152​
3-014-0309-x

	 47.	 Berek J, Trope C, Vergote I (1999) Surgery during chemotherapy 
and at relapse of ovarian cancer. Annals of oncology 10:S3-S7

	 48.	 Evangelista L, Palma MD, Gregianin M, Nardin M, Roma A, 
Nicoletto MO, Nardelli GB, Zagonel V (2015) Diagnostic and 
prognostic evaluation of fluorodeoxyglucose positron emission 
tomography/computed tomography and its correlation with 
serum cancer antigen-125 (CA125) in a large cohort of ovar-
ian cancer patients. Journal of the Turkish German Gynecologi-
cal Association 16 (3):137-144. https​://doi.org/10.5152/jtgga​
.2015.15251​

	 49.	 Tawakol A, Abdelhafez YG, Osama A, Hamada E, El Refaei 
S (2016) Diagnostic performance of 18F-FDG PET/contrast-
enhanced CT versus contrast-enhanced CT alone for post-treat-
ment detection of ovarian malignancy. Nuclear medicine com-
munications 37 (5):453-460. https​://doi.org/10.1097/mnm.00000​
00000​00047​7

	 50.	 Hebel CB, Behrendt FF, Heinzel A, Krohn T, Mottaghy FM, 
Bauerschlag DO, Verburg FA (2014) Negative 18F-2-fluorode-
oxyglucose PET/CT predicts good cancer specific survival in 
patients with a suspicion of recurrent ovarian cancer. European 
journal of radiology 83 (3):463-467. https​://doi.org/10.1016/j.
ejrad​.2013.12.006

	 51.	 Risum S, Høgdall C, Markova E, Berthelsen AK, Loft A, 
Jensen F, Høgdall E, Roed H, Engelholm SA (2009) Influence 
of 2-(18F) fluoro-2-deoxy-D-glucose positron emission tomog-
raphy/computed tomography on recurrent ovarian cancer diag-
nosis and on selection of patients for secondary cytoreductive 
surgery. International journal of gynecological cancer : official 
journal of the International Gynecological Cancer Society 19 
(4):600-604. https​://doi.org/10.1111/IGC.0b013​e3181​a3cc9​4

	 52.	 Gu P, Pan LL, Wu SQ, Sun L, Huang G (2009) CA 125, PET 
alone, PET-CT, CT and MRI in diagnosing recurrent ovarian 
carcinoma: a systematic review and meta-analysis. European 
journal of radiology 71 (1):164-174. https​://doi.org/10.1016/j.
ejrad​.2008.02.019

	 53.	 Ebina Y, Watari H, Kaneuchi M, Takeda M, Hosaka M, Kudo 
M, Yamada H, Sakuragi N (2014) Impact of FDG PET in opti-
mizing patient selection for cytoreductive surgery in recur-
rent ovarian cancer. European journal of nuclear medicine and 
molecular imaging 41 (3):446-451. https​://doi.org/10.1007/s0025​
9-013-2610-9

	 54.	 Sanli Y, Turkmen C, Bakir B, Iyibozkurt C, Ozel S, Has D, 
Yilmaz E, Topuz S, Yavuz E, Unal SN, Mudun A (2012) Diag-
nostic value of PET/CT is similar to that of conventional MRI 
and even better for detecting small peritoneal implants in patients 
with recurrent ovarian cancer. Nuclear medicine communications 
33 (5):509-515. https​://doi.org/10.1097/MNM.0b013​e3283​4fc5b​
f

	 55.	 Peng NJ, Liou WS, Liu RS, Hu C, Tsay DG, Liu CB (2011) Early 
detection of recurrent ovarian cancer in patients with low-level 
increases in serum CA-125 levels by 2-[F-18]fluoro-2-deoxy-D-
glucose-positron emission tomography/computed tomography. 
Cancer biotherapy & radiopharmaceuticals 26 (2):175-181. https​
://doi.org/10.1089/cbr.2010.0872

	 56.	 Bhosale P, Peungjesada S, Wei W, Levenback CF, Schmeler 
K, Rohren E, Macapinlac HA, Iyer RB (2010) Clinical utility 
of positron emission tomography/computed tomography in the 
evaluation of suspected recurrent ovarian cancer in the setting 
of normal CA-125 levels. International journal of gynecological 
cancer : official journal of the International Gynecological Can-
cer Society 20 (6):936-944. https​://doi.org/10.1111/IGC.0b013​
e3181​e82a7​f

https://doi.org/10.1016/j.ygyno.2015.10.018
https://doi.org/10.1007/s00259-015-3184-5
https://doi.org/10.1245/s10434-011-2153-x
https://doi.org/10.1097/igc.0000000000000180
https://doi.org/10.1097/igc.0000000000000180
https://doi.org/10.1097/IGC.0b013e3182606ecb
https://doi.org/10.1097/IGC.0b013e3182606ecb
https://doi.org/10.1016/j.ejrad.2017.05.036
https://doi.org/10.1016/j.ejrad.2017.05.036
https://doi.org/10.1007/s00259-011-1984-9
https://doi.org/10.1016/j.clon.2018.04.007
https://doi.org/10.1016/j.clon.2018.04.007
https://doi.org/10.3233/cbm-190904
https://doi.org/10.3233/cbm-190904
https://doi.org/10.1007/s11523-014-0309-x
https://doi.org/10.1007/s11523-014-0309-x
https://doi.org/10.5152/jtgga.2015.15251
https://doi.org/10.5152/jtgga.2015.15251
https://doi.org/10.1097/mnm.0000000000000477
https://doi.org/10.1097/mnm.0000000000000477
https://doi.org/10.1016/j.ejrad.2013.12.006
https://doi.org/10.1016/j.ejrad.2013.12.006
https://doi.org/10.1111/IGC.0b013e3181a3cc94
https://doi.org/10.1016/j.ejrad.2008.02.019
https://doi.org/10.1016/j.ejrad.2008.02.019
https://doi.org/10.1007/s00259-013-2610-9
https://doi.org/10.1007/s00259-013-2610-9
https://doi.org/10.1097/MNM.0b013e32834fc5bf
https://doi.org/10.1097/MNM.0b013e32834fc5bf
https://doi.org/10.1089/cbr.2010.0872
https://doi.org/10.1089/cbr.2010.0872
https://doi.org/10.1111/IGC.0b013e3181e82a7f
https://doi.org/10.1111/IGC.0b013e3181e82a7f


2347Abdominal Radiology (2021) 46:2323–2349	

1 3

	 57.	 Mangili G, Picchio M, Sironi S, Viganò R, Rabaiotti E, Bor-
naghi D, Bettinardi V, Crivellaro C, Messa C, Fazio F (2007) 
Integrated PET/CT as a first-line re-staging modality in patients 
with suspected recurrence of ovarian cancer. European journal of 
nuclear medicine and molecular imaging 34 (5):658-666. https​://
doi.org/10.1007/s0025​9-006-0306-0

	 58.	 Menzel C, Döbert N, Hamscho N, Zaplatnikov K, Vasvatekis 
S, Matic V, Wördehoff N, Grünwald F (2004) The influence of 
CA 125 and CEA levels on the results of (18)F-deoxyglucose 
positron emission tomography in suspected recurrence of epithe-
lial ovarian cancer. Strahlentherapie und Onkologie : Organ der 
Deutschen Rontgengesellschaft [et al] 180 (8):497-501. https​://
doi.org/10.1007/s0006​6-004-1208-3

	 59.	 Pan HS, Lee SL, Huang LW, Chen YK (2011) Combined positron 
emission tomography-computed tomography and tumor markers 
for detecting recurrent ovarian cancer. Archives of gynecology 
and obstetrics 283 (2):335-341. https​://doi.org/10.1007/s0040​
4-010-1404-6

	 60.	 Nasu K, Abe W, Takai N, Tomonari K, Narahara H (2011) Impact 
of positron emission tomography/computed tomography in the 
management of patients with epithelial ovarian carcinoma after 
treatment. Archives of gynecology and obstetrics 283 (5):1121-
1126. https​://doi.org/10.1007/s0040​4-010-1568-0

	 61.	 Hillner BE, Siegel BA, Liu D, Shields AF, Gareen IF, Hanna 
L, Stine SH, Coleman RE (2008) Impact of positron emis-
sion tomography/computed tomography and positron emission 
tomography (PET) alone on expected management of patients 
with cancer: initial results from the National Oncologic PET 
Registry. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology 26 (13):2155-2161. https​
://doi.org/10.1200/jco.2007.14.5631

	 62.	 Kim S, Chung JK, Kang SB, Kim MH, Jeong JM, Lee DS, Lee 
MC (2004) [18F]FDG PET as a substitute for second-look lapa-
rotomy in patients with advanced ovarian carcinoma. European 
journal of nuclear medicine and molecular imaging 31 (2):196-
201. https​://doi.org/10.1007/s0025​9-003-1367-y

	 63.	 Rusu D, Carlier T, Colombié M, Goulon D, Fleury V, Rousseau 
N, Berton-Rigaud D, Jaffre I, Kraeber-Bodéré F, Campion L, 
Rousseau C (2015) Clinical and Survival Impact of FDG PET in 
Patients with Suspicion of Recurrent Ovarian Cancer: A 6-Year 
Follow-Up. Frontiers in medicine 2:46. https​://doi.org/10.3389/
fmed.2015.00046​

	 64.	 Takeuchi S, Lucchini M, Schmeler KM, Coleman RL, Gersh-
enson DM, Munsell MF, Macapinlac HA, Ramirez PT (2014) 
Utility of 18F-FDG PET/CT in follow-up of patients with low-
grade serous carcinoma of the ovary. Gynecologic oncology 133 
(1):100-104. https​://doi.org/10.1016/j.ygyno​.2014.02.008

	 65.	 Suppiah S, Chang WL, Hassan HA, Kaewput C, Asri AAA, Saad 
FFA, Nordin AJ, Vinjamuri S (2017) Systematic Review on the 
Accuracy of Positron Emission Tomography/Computed Tomog-
raphy and Positron Emission Tomography/Magnetic Resonance 
Imaging in the Management of Ovarian Cancer: Is Functional 
Information Really Needed? World journal of nuclear medicine 
16 (3):176-185. https​://doi.org/10.4103/wjnm.WJNM_31_17

	 66.	 Vargas HA, Burger IA, Goldman DA, Miccò M, Sosa RE, Weber 
W, Chi DS, Hricak H, Sala E (2015) Volume-based quantita-
tive FDG PET/CT metrics and their association with optimal 
debulking and progression-free survival in patients with recur-
rent ovarian cancer undergoing secondary cytoreductive surgery. 
European radiology 25 (11):3348-3353. https​://doi.org/10.1007/
s0033​0-015-3729-9

	 67.	 Sironi S, Messa C, Mangili G, Zangheri B, Aletti G, Garava-
glia E, Vigano R, Picchio M, Taccagni G, Maschio AD, Fazio F 
(2004) Integrated FDG PET/CT in patients with persistent ovar-
ian cancer: correlation with histologic findings. Radiology 233 
(2):433-440. https​://doi.org/10.1148/radio​l.23320​31800​

	 68.	 Sala E, Kataoka M, Pandit-Taskar N, Ishill N, Mironov S, 
Moskowitz CS, Mironov O, Collins MA, Chi DS, Larson S, 
Hricak H (2010) Recurrent ovarian cancer: use of contrast-
enhanced CT and PET/CT to accurately localize tumor recur-
rence and to predict patients’ survival. Radiology 257 (1):125-
134. https​://doi.org/10.1148/radio​l.10092​279

	 69.	 Kim CY, Jeong SY, Chong GO, Son SH, Jung JH, Kim DH, Lee 
SW, Ahn BC, Lee J (2015) Quantitative metabolic parameters 
measured on F-18 FDG PET/CT predict survival after relapse 
in patients with relapsed epithelial ovarian cancer. Gyneco-
logic oncology 136 (3):498-504. https​://doi.org/10.1016/j.
ygyno​.2014.12.032

	 70.	 Simcock B, Neesham D, Quinn M, Drummond E, Milner A, 
Hicks RJ (2006) The impact of PET/CT in the management of 
recurrent ovarian cancer. Gynecologic oncology 103 (1):271-
276. https​://doi.org/10.1016/j.ygyno​.2006.03.004

	 71.	 Thrall MM, DeLoia JA, Gallion H, Avril N (2007) Clinical 
use of combined positron emission tomography and computed 
tomography (FDG-PET/CT) in recurrent ovarian cancer. 
Gynecologic oncology 105 (1):17-22. https​://doi.org/10.1016/j.
ygyno​.2006.10.060

	 72.	 Fulham MJ, Carter J, Baldey A, Hicks RJ, Ramshaw JE, Gib-
son M (2009) The impact of PET-CT in suspected recurrent 
ovarian cancer: A prospective multi-centre study as part of the 
Australian PET Data Collection Project. Gynecol Oncol 112 
(3):462-468. https​://doi.org/10.1016/j.ygyno​.2008.08.027

	 73.	 Bristow RE, Giuntoli RL, 2nd, Pannu HK, Schulick RD, Fish-
man EK, Wahl RL (2005) Combined PET/CT for detecting 
recurrent ovarian cancer limited to retroperitoneal lymph 
nodes. Gynecologic oncology 99 (2):294-300. https​://doi.
org/10.1016/j.ygyno​.2005.06.019

	 74.	 Santillan A, Garg R, Zahurak ML, Gardner GJ, Giuntoli RL, 
2nd, Armstrong DK, Bristow RE (2005) Risk of epithelial 
ovarian cancer recurrence in patients with rising serum CA-125 
levels within the normal range. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology 
23 (36):9338-9343. https​://doi.org/10.1200/jco.2005.02.2582

	 75.	 Antunovic L, Cimitan M, Borsatti E, Baresic T, Sorio R, 
Giorda G, Steffan A, Balestreri L, Tatta R, Pepe G, Rubello 
D, Cecchin D, Canzonieri V (2012) Revisiting the clinical 
value of 18F-FDG PET/CT in detection of recurrent epithe-
lial ovarian carcinomas: correlation with histology, serum 
CA-125 assay, and conventional radiological modalities. Clini-
cal nuclear medicine 37 (8):e184-188. https​://doi.org/10.1097/
RLU.0b013​e3182​5b258​3

	 76.	 Khiewvan B, Torigian DA, Emamzadehfard S, Paydary K, 
Salavati A, Houshmand S, Werner TJ, Alavi A (2017) An 
update on the role of PET/CT and PET/MRI in ovarian cancer. 
Eur J Nucl Med Mol Imaging 44 (6):1079-1091. https​://doi.
org/10.1007/s0025​9-017-3638-z

	 77.	 Subhas N, Patel PV, Pannu HK, Jacene HA, Fishman EK, 
Wahl RL (2005) Imaging of pelvic malignancies with in-line 
FDG PET-CT: case examples and common pitfalls of FDG 
PET. Radiographics : a review publication of the Radiological 
Society of North America, Inc 25 (4):1031–1043. https​://doi.
org/10.1148/rg.25404​5155

	 78.	 Berger KL, Nicholson SA, Dehdashti F, Siegel BA (2000) FDG 
PET evaluation of mucinous neoplasms: correlation of FDG 
uptake with histopathologic features. AJR American journal 
of roentgenology 174 (4):1005-1008. https​://doi.org/10.2214/
ajr.174.4.17410​05

	 79.	 Liu Y (2009) Benign ovarian and endometrial uptake on FDG 
PET-CT: patterns and pitfalls. Annals of nuclear medicine 23 
(2):107-112. https​://doi.org/10.1007/s1214​9-008-0227-z

https://doi.org/10.1007/s00259-006-0306-0
https://doi.org/10.1007/s00259-006-0306-0
https://doi.org/10.1007/s00066-004-1208-3
https://doi.org/10.1007/s00066-004-1208-3
https://doi.org/10.1007/s00404-010-1404-6
https://doi.org/10.1007/s00404-010-1404-6
https://doi.org/10.1007/s00404-010-1568-0
https://doi.org/10.1200/jco.2007.14.5631
https://doi.org/10.1200/jco.2007.14.5631
https://doi.org/10.1007/s00259-003-1367-y
https://doi.org/10.3389/fmed.2015.00046
https://doi.org/10.3389/fmed.2015.00046
https://doi.org/10.1016/j.ygyno.2014.02.008
https://doi.org/10.4103/wjnm.WJNM_31_17
https://doi.org/10.1007/s00330-015-3729-9
https://doi.org/10.1007/s00330-015-3729-9
https://doi.org/10.1148/radiol.2332031800
https://doi.org/10.1148/radiol.10092279
https://doi.org/10.1016/j.ygyno.2014.12.032
https://doi.org/10.1016/j.ygyno.2014.12.032
https://doi.org/10.1016/j.ygyno.2006.03.004
https://doi.org/10.1016/j.ygyno.2006.10.060
https://doi.org/10.1016/j.ygyno.2006.10.060
https://doi.org/10.1016/j.ygyno.2008.08.027
https://doi.org/10.1016/j.ygyno.2005.06.019
https://doi.org/10.1016/j.ygyno.2005.06.019
https://doi.org/10.1200/jco.2005.02.2582
https://doi.org/10.1097/RLU.0b013e31825b2583
https://doi.org/10.1097/RLU.0b013e31825b2583
https://doi.org/10.1007/s00259-017-3638-z
https://doi.org/10.1007/s00259-017-3638-z
https://doi.org/10.1148/rg.254045155
https://doi.org/10.1148/rg.254045155
https://doi.org/10.2214/ajr.174.4.1741005
https://doi.org/10.2214/ajr.174.4.1741005
https://doi.org/10.1007/s12149-008-0227-z


2348	 Abdominal Radiology (2021) 46:2323–2349

1 3

	 80.	 Ponisio MR, Fowler KJ, Dehdashti F (2016) The Emerging Role 
of PET/MR Imaging in Gynecologic Cancers. PET clinics 11 
(4):425-440. https​://doi.org/10.1016/j.cpet.2016.05.005

	 81.	 Ohliger MA, Hope TA, Chapman JS, Chen LM, Behr SC, Poder 
L (2017) PET/MR Imaging in Gynecologic Oncology. Magnetic 
resonance imaging clinics of North America 25 (3):667-684. 
https​://doi.org/10.1016/j.mric.2017.03.012

	 82.	 Foti PV, Attinà G, Spadola S, Caltabiano R, Farina R, Palmucci 
S, Zarbo G, Zarbo R, D’Arrigo M, Milone P, Ettorre GC (2016) 
MR imaging of ovarian masses: classification and differential 
diagnosis. Insights Imaging 7 (1):21-41. https​://doi.org/10.1007/
s1324​4-015-0455-4

	 83.	 Virarkar M, Viswanathan C, Iyer R, de Castro Faria S, Morani A, 
Carter B, Ganeshan D, Elsherif S, Bhosale PR (2019) The Role 
of Positron Emission Tomography/Magnetic Resonance Imag-
ing in Gynecological Malignancies. Journal of computer assisted 
tomography 43 (6):825-834. https​://doi.org/10.1097/rct.00000​
00000​00091​8

	 84.	 Lee SI, Catalano OA, Dehdashti F (2015) Evaluation of gyneco-
logic cancer with MR imaging, 18F-FDG PET/CT, and PET/MR 
imaging. Journal of nuclear medicine : official publication, Soci-
ety of Nuclear Medicine 56 (3):436-443. https​://doi.org/10.2967/
jnume​d.114.14501​1

	 85.	 Fiaschetti V, Calabria F, Crusco S, Meschini A, Nucera F, Schil-
laci O, Simonetti G (2011) MR-PET fusion imaging in evaluating 
adnexal lesions: a preliminary study. La Radiologia medica 116 
(8):1288-1302. https​://doi.org/10.1007/s1154​7-011-0720-7

	 86.	 Nakajo K, Tatsumi M, Inoue A, Isohashi K, Higuchi I, Kato H, 
Imaizumi M, Enomoto T, Shimosegawa E, Kimura T, Hatazawa 
J (2010) Diagnostic performance of fluorodeoxyglucose posi-
tron emission tomography/magnetic resonance imaging fusion 
images of gynecological malignant tumors: comparison with 
positron emission tomography/computed tomography. Japanese 
journal of radiology 28 (2):95-100. https​://doi.org/10.1007/s1160​
4-009-0387-3

	 87.	 Grueneisen J, Schaarschmidt BM, Beiderwellen K, Schulze-
Hagen A, Heubner M, Kinner S, Forsting M, Lauenstein T, 
Ruhlmann V, Umutlu L (2014) Diagnostic value of diffusion-
weighted imaging in simultaneous 18F-FDG PET/MR imaging 
for whole-body staging of women with pelvic malignancies. 
Journal of nuclear medicine : official publication, Society of 
Nuclear Medicine 55 (12):1930-1935. https​://doi.org/10.2967/
jnume​d.114.14688​6

	 88.	 Queiroz MA, Kubik-Huch RA, Hauser N, Freiwald-Chilla B, 
von Schulthess G, Froehlich JM, Veit-Haibach P (2015) PET/
MRI and PET/CT in advanced gynaecological tumours: initial 
experience and comparison. European radiology 25 (8):2222-
2230. https​://doi.org/10.1007/s0033​0-015-3657-8

	 89.	 Beiderwellen K, Grueneisen J, Ruhlmann V, Buderath P, Aktas 
B, Heusch P, Kraff O, Forsting M, Lauenstein TC, Umutlu L 
(2015) [(18)F]FDG PET/MRI vs. PET/CT for whole-body stag-
ing in patients with recurrent malignancies of the female pel-
vis: initial results. European journal of nuclear medicine and 
molecular imaging 42 (1):56–65. https​://doi.org/10.1007/s0025​
9-014-2902-8

	 90.	 Grueneisen J, Schaarschmidt BM, Heubner M, Suntharalingam 
S, Milk I, Kinner S, Heubner A, Forsting M, Lauenstein T, Ruh-
lmann V, Umutlu L (2015) Implementation of FAST-PET/MRI 
for whole-body staging of female patients with recurrent pelvic 
malignancies: A comparison to PET/CT. European journal of 
radiology 84 (11):2097-2102. https​://doi.org/10.1016/j.ejrad​
.2015.08.010

	 91.	 Kirchner J, Sawicki LM, Suntharalingam S, Grueneisen J, Ruh-
lmann V, Aktas B, Deuschl C, Herrmann K, Antoch G, Forst-
ing M, Umutlu L (2017) Whole-body staging of female patients 
with recurrent pelvic malignancies: Ultra-fast 18F-FDG PET/

MRI compared to 18F-FDG PET/CT and CT. PloS one 12 
(2):e0172553. https​://doi.org/10.1371/journ​al.pone.01725​53

	 92.	 Virarkar M, Ganeshan D, Devine C, Bassett R, Jr., Kuchana V, 
Bhosale P (2020) Diagnostic value of PET/CT versus PET/MRI 
in gynecological malignancies of the pelvis: A meta-analysis. 
Clinical imaging 60 (1):53-61. https​://doi.org/10.1016/j.clini​
mag.2019.11.018

	 93.	 Grueneisen J, Beiderwellen K, Heusch P, Gratz M, Schulze-
Hagen A, Heubner M, Kinner S, Forsting M, Lauenstein T, 
Ruhlmann V, Umutlu L (2014) Simultaneous positron emission 
tomography/magnetic resonance imaging for whole-body stag-
ing in patients with recurrent gynecological malignancies of the 
pelvis: a comparison to whole-body magnetic resonance imag-
ing alone. Investigative radiology 49 (12):808-815. https​://doi.
org/10.1097/rli.00000​00000​00008​6

	 94.	 Zheng M, Xie D, Pan C, Xu Y, Yu W (2018) Diagnostic value of 
18F-FDG PET/MRI in recurrent pelvis malignancies of female 
patients: a systematic review and meta-analysis. Nuclear medi-
cine communications 39 (6):479-485. https​://doi.org/10.1097/
mnm.00000​00000​00083​9

	 95.	 Virarkar M, Devine C, Bassett R, Jr., Javadi S, Faria SC, Bho-
sale P (2020) Update on Diagnostic Performance of PET/MRI 
in Gynecological Malignancies: A Systematic Review and Meta-
Analysis. Journal of the Belgian Society of Radiology 104 (1):4. 
https​://doi.org/10.5334/jbsr.1981

	 96.	 Sawicki LM, Kirchner J, Grueneisen J, Ruhlmann V, Aktas B, 
Schaarschmidt BM, Forsting M, Herrmann K, Antoch G, Umutlu 
L (2018) Comparison of (18)F-FDG PET/MRI and MRI alone 
for whole-body staging and potential impact on therapeutic 
management of women with suspected recurrent pelvic cancer: 
a follow-up study. European journal of nuclear medicine and 
molecular imaging 45 (4):622-629. https​://doi.org/10.1007/s0025​
9-017-3881-3

	 97.	 Nie J, Zhang J, Gao J, Guo L, Zhou H, Hu Y, Zhu C, Li Q, Ma 
X (2018) Correction: Diagnostic role of 18F-FDG PET/MRI in 
patients with gynecological malignancies of the pelvis: A sys-
tematic review and meta-analysis. PloS one 13 (8):e0202314. 
https​://doi.org/10.1371/journ​al.pone.02023​14

	 98.	 Delso G, Ziegler S (2009) PET/MRI system design. European 
journal of nuclear medicine and molecular imaging 36 Suppl 
1:S86-92. https​://doi.org/10.1007/s0025​9-008-1008-6

	 99.	 Wagenknecht G, Kaiser HJ, Mottaghy FM, Herzog H (2013) 
MRI for attenuation correction in PET: methods and challenges. 
Magma (New York, NY) 26 (1):99-113. https​://doi.org/10.1007/
s1033​4-012-0353-4

	100.	 Ma J (2008) Dixon techniques for water and fat imaging. Journal 
of magnetic resonance imaging : JMRI 28 (3):543-558. https​://
doi.org/10.1002/jmri.21492​

	101.	 Fowler KJ, McConathy J, Narra VR (2014) Whole-body simul-
taneous positron emission tomography (PET)-MR: optimization 
and adaptation of MRI sequences. Journal of magnetic reso-
nance imaging : JMRI 39 (2):259-268. https​://doi.org/10.1002/
jmri.24308​

	102.	 Chandarana H, Heacock L, Rakheja R, DeMello LR, Bonavita 
J, Block TK, Geppert C, Babb JS, Friedman KP (2013) Pulmo-
nary nodules in patients with primary malignancy: comparison of 
hybrid PET/MR and PET/CT imaging. Radiology 268 (3):874-
881. https​://doi.org/10.1148/radio​l.13130​620

	103.	 Burris NS, Johnson KM, Larson PE, Hope MD, Nagle SK, Behr 
SC, Hope TA (2016) Detection of Small Pulmonary Nodules 
with Ultrashort Echo Time Sequences in Oncology Patients by 
Using a PET/MR System. Radiology 278 (1):239-246. https​://
doi.org/10.1148/radio​l.20151​50489​

	104.	 Fayad H, Lamare F, Merlin T, Visvikis D (2016) Motion cor-
rection using anatomical information in PET/CT and PET/MR 
hybrid imaging. The quarterly journal of nuclear medicine and 

https://doi.org/10.1016/j.cpet.2016.05.005
https://doi.org/10.1016/j.mric.2017.03.012
https://doi.org/10.1007/s13244-015-0455-4
https://doi.org/10.1007/s13244-015-0455-4
https://doi.org/10.1097/rct.0000000000000918
https://doi.org/10.1097/rct.0000000000000918
https://doi.org/10.2967/jnumed.114.145011
https://doi.org/10.2967/jnumed.114.145011
https://doi.org/10.1007/s11547-011-0720-7
https://doi.org/10.1007/s11604-009-0387-3
https://doi.org/10.1007/s11604-009-0387-3
https://doi.org/10.2967/jnumed.114.146886
https://doi.org/10.2967/jnumed.114.146886
https://doi.org/10.1007/s00330-015-3657-8
https://doi.org/10.1007/s00259-014-2902-8
https://doi.org/10.1007/s00259-014-2902-8
https://doi.org/10.1016/j.ejrad.2015.08.010
https://doi.org/10.1016/j.ejrad.2015.08.010
https://doi.org/10.1371/journal.pone.0172553
https://doi.org/10.1016/j.clinimag.2019.11.018
https://doi.org/10.1016/j.clinimag.2019.11.018
https://doi.org/10.1097/rli.0000000000000086
https://doi.org/10.1097/rli.0000000000000086
https://doi.org/10.1097/mnm.0000000000000839
https://doi.org/10.1097/mnm.0000000000000839
https://doi.org/10.5334/jbsr.1981
https://doi.org/10.1007/s00259-017-3881-3
https://doi.org/10.1007/s00259-017-3881-3
https://doi.org/10.1371/journal.pone.0202314
https://doi.org/10.1007/s00259-008-1008-6
https://doi.org/10.1007/s10334-012-0353-4
https://doi.org/10.1007/s10334-012-0353-4
https://doi.org/10.1002/jmri.21492
https://doi.org/10.1002/jmri.21492
https://doi.org/10.1002/jmri.24308
https://doi.org/10.1002/jmri.24308
https://doi.org/10.1148/radiol.13130620
https://doi.org/10.1148/radiol.2015150489
https://doi.org/10.1148/radiol.2015150489


2349Abdominal Radiology (2021) 46:2323–2349	

1 3

molecular imaging : official publication of the Italian Association 
of Nuclear Medicine (AIMN) [and] the International Associa-
tion of Radiopharmacology (IAR), [and] Section of the So 60 
(1):12–24

	105.	 Morgan RJ, Jr., Armstrong DK, Alvarez RD, Bakkum-Gamez 
JN, Behbakht K, Chen LM, Copeland L, Crispens MA, DeRosa 
M, Dorigo O, Gershenson DM, Gray HJ, Hakam A, Havrilesky 
LJ, Johnston C, Lele S, Martin L, Matulonis UA, O’Malley DM, 
Penson RT, Percac-Lima S, Pineda M, Plaxe SC, Powell MA, 
Ratner E, Remmenga SW, Rose PG, Sabbatini P, Santoso JT, 
Werner TL, Burns J, Hughes M (2016) Ovarian Cancer, Version 
1.2016, NCCN Clinical Practice Guidelines in Oncology. Journal 
of the National Comprehensive Cancer Network : JNCCN 14 
(9):1134–1163. https​://doi.org/10.6004/jnccn​.2016.0122

	106.	 Kang SK, Reinhold C, Atri M, Benson CB, Bhosale PR, Jhingran 
A, Lakhman Y, Maturen KE, Nicola R, Pandharipande PV, Sala-
zar GM, Shipp TD, Simpson L, Small W, Jr., Sussman BL, Uyeda 
JW, Wall DJ, Whitcomb BP, Zelop CM, Glanc P (2018) ACR 
Appropriateness Criteria(®) Staging and Follow-Up of Ovarian 
Cancer. Journal of the American College of Radiology : JACR 
15 (5s):S198-s207. https​://doi.org/10.1016/j.jacr.2018.03.015

	107.	 Thomassin-Naggara I, Balvay D, Aubert E, Daraï E, Rouzier 
R, Cuenod CA, Bazot M (2012) Quantitative dynamic contrast-
enhanced MR imaging analysis of complex adnexal masses: a 
preliminary study. European radiology 22 (4):738-745. https​://
doi.org/10.1007/s0033​0-011-2329-6

	108.	 Kim JK, Kim KA, Park BW, Kim N, Cho KS (2008) Feasibility 
of diffusion-weighted imaging in the differentiation of metastatic 
from nonmetastatic lymph nodes: early experience. Journal of 
magnetic resonance imaging : JMRI 28 (3):714-719. https​://doi.
org/10.1002/jmri.21480​

	109.	 Buchbender C, Hartung-Knemeyer V, Beiderwellen K, Heusch 
P, Kühl H, Lauenstein TC, Forsting M, Antoch G, Heusner TA 
(2013) Diffusion-weighted imaging as part of hybrid PET/MRI 
protocols for whole-body cancer staging: does it benefit lesion 
detection? European journal of radiology 82 (5):877-882. https​
://doi.org/10.1016/j.ejrad​.2013.01.019

	110.	 Lu H, Arshad M, Thornton A, Avesani G, Cunnea P, Curry E, 
Kanavati F, Liang J, Nixon K, Williams ST, Hassan MA, Bowtell 
DDL, Gabra H, Fotopoulou C, Rockall A, Aboagye EO (2019) 
A mathematical-descriptor of tumor-mesoscopic-structure from 
computed-tomography images annotates prognostic- and molec-
ular-phenotypes of epithelial ovarian cancer. Nature communica-
tions 10 (1):764. https​://doi.org/10.1038/s4146​7-019-08718​-9

	111.	 Nougaret S, Tardieu M, Vargas HA, Reinhold C, Vande Perre 
S, Bonanno N, Sala E, Thomassin-Naggara I (2019) Ovarian 
cancer: An update on imaging in the era of radiomics. Diag-
nostic and interventional imaging 100 (10):647-655. https​://doi.
org/10.1016/j.diii.2018.11.007

	112.	 Pinker K, Andrzejewski P, Baltzer P, Polanec SH, Sturdza A, 
Georg D, Helbich TH, Karanikas G, Grimm C, Polterauer S, 

Poetter R, Wadsak W, Mitterhauser M, Georg P (2016) Mul-
tiparametric [18F]Fluorodeoxyglucose/ [18F]Fluoromisonida-
zole Positron Emission Tomography/ Magnetic Resonance Imag-
ing of Locally Advanced Cervical Cancer for the Non-Invasive 
Detection of Tumor Heterogeneity: A Pilot Study. PloS one 11 
(5):e0155333. https​://doi.org/10.1371/journ​al.pone.01553​33

	113.	 Lewis JS, Laforest R, Dehdashti F, Grigsby PW, Welch MJ, 
Siegel BA (2008) An imaging comparison of 64Cu-ATSM and 
60Cu-ATSM in cancer of the uterine cervix. Journal of nuclear 
medicine : official publication, Society of Nuclear Medicine 49 
(7):1177-1182. https​://doi.org/10.2967/jnume​d.108.05132​6

	114.	 Tsujikawa T, Yoshida Y, Kudo T, Kiyono Y, Kurokawa T, Kob-
ayashi M, Tsuchida T, Fujibayashi Y, Kotsuji F, Okazawa H 
(2009) Functional images reflect aggressiveness of endometrial 
carcinoma: estrogen receptor expression combined with 18F-
FDG PET. Journal of nuclear medicine : official publication, 
Society of Nuclear Medicine 50 (10):1598-1604. https​://doi.
org/10.2967/jnume​d.108.06014​5

	115.	 Richard SD, Bencherif B, Edwards RP, Elishaev E, Krivak TC, 
Mountz JM, DeLoia JA (2011) Noninvasive assessment of cell 
proliferation in ovarian cancer using [18F] 3’deoxy-3-fluorothy-
midine positron emission tomography/computed tomography 
imaging. Nuclear medicine and biology 38 (4):485-491. https​://
doi.org/10.1016/j.nucme​dbio.2010.12.003

	116.	 Turkbey B, Agarwal HK, Shih J, Bernardo M, McKinney YL, 
Daar D, Griffiths GL, Sankineni S, Johnson L, Grant KB, Weaver 
J, Rais-Bahrami S, Harisinghani M, Jacobs P, Dahut W, Merino 
MJ, Pinto PA, Choyke PL (2015) A Phase I Dosing Study of 
Ferumoxytol for MR Lymphography at 3 T in Patients With 
Prostate Cancer. AJR American journal of roentgenology 205 
(1):64-69. https​://doi.org/10.2214/ajr.14.13009​

	117.	 Nelson SJ, Kurhanewicz J, Vigneron DB, Larson PEZ, Harzstark 
AL, Ferrone M, van Criekinge M, Chang JW, Bok R, Park I, 
Reed G, Carvajal L, Small EJ, Munster P, Weinberg VK, Arden-
kjaer-Larsen JH, Chen AP, Hurd RE, Odegardstuen L-I, Robb FJ, 
Tropp J, Murray JA (2013) Metabolic Imaging of Patients with 
Prostate Cancer Using Hyperpolarized [1-&lt;sup&gt;13&lt;/
sup&gt;C]Pyruvate. Science Translational Medicine 5 
(198):198ra108. https​://doi.org/10.1126/scitr​anslm​ed.30060​70

	118.	 Jung TY, Jung S, Ryu HS, Kim IY, Jang WY, Moon KS, Lim SH, 
Kim DY, Kang SR, Min JJ, Bom HS, Kim SK, Kwon SY (2019) 
The Application of Magnetic Resonance Imaging-Deformed 
11C-Methionine-Positron Emission Tomography Images in Ste-
reotactic Radiosurgery. Stereotactic and functional neurosurgery 
97 (4):217-224. https​://doi.org/10.1159/00050​3732

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.6004/jnccn.2016.0122
https://doi.org/10.1016/j.jacr.2018.03.015
https://doi.org/10.1007/s00330-011-2329-6
https://doi.org/10.1007/s00330-011-2329-6
https://doi.org/10.1002/jmri.21480
https://doi.org/10.1002/jmri.21480
https://doi.org/10.1016/j.ejrad.2013.01.019
https://doi.org/10.1016/j.ejrad.2013.01.019
https://doi.org/10.1038/s41467-019-08718-9
https://doi.org/10.1016/j.diii.2018.11.007
https://doi.org/10.1016/j.diii.2018.11.007
https://doi.org/10.1371/journal.pone.0155333
https://doi.org/10.2967/jnumed.108.051326
https://doi.org/10.2967/jnumed.108.060145
https://doi.org/10.2967/jnumed.108.060145
https://doi.org/10.1016/j.nucmedbio.2010.12.003
https://doi.org/10.1016/j.nucmedbio.2010.12.003
https://doi.org/10.2214/ajr.14.13009
https://doi.org/10.1126/scitranslmed.3006070
https://doi.org/10.1159/000503732

	Diagnostic performance of PETCT and PETMR in the management of ovarian carcinoma—a literature review
	Abstract
	Introduction
	PETCT
	Role in characterization of an adnexal mass
	Role in staging of OC
	Role in OC treatment prognosis and response evaluation
	Role in recurrent OC
	Pitfalls

	PETMRI
	Challenges
	Future perspective

	Conclusion
	Acknowledgements 
	References




