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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
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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 (SUV ) of 3.7 differentiated
borderline ovarian tumors from stage I malignant ovarian
tumors. Similarly, in a prospective study of 30 patients the
SUV ... 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 SUV_,,, 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.

@ Springer

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
(»=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 SUV .,
total lesion glycolysis (TLG), and metabolic tumor volume
(MTYV), 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 (SUV_,, 4.9+2.8, p<0.008) and third (SUV
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 is a negative prognostic factor

stage IV disease according to PET/CT
had significantly poorer progression-

in ovarian cancer

free survival (p <0.001) and overall

0.016) than those with

PET/CT stage III disease
PET/CT was a more accurate modality ~PET/CT is more accurate than CT and

survival (p

Meta-regression analyses and subgroup CT, MRI

analyses revealed no statistical dif-

ference

18 studies

M

Yuan et al. [31]

MRI in the detection of lymph node

(sensitivity 73.2%, specificity 96.7%,
odds ratio 90.32); no significant

metastasis

difference was detected between CT

and MRI

P prospective, TP true positive, TN true negative, CI confidence interval, SUV,,, maximum standardized uptake value, PPV positive predictive value, FP false positive, R retrospective, WB-
DWI/MRI whole-body diffusion-weighted imaging/magnetic resonance imaging, FN false negative, NPV negative predictive value, GOG Gynecologic Oncology Group, FIGO International

Federation of Gynecology and Obstetrics, SdLNM supradiaphragmatic lymph node metastases, M meta-analysis

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 ¢ 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

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
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«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

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

@ Springer



Abdominal Radiology (2021) 46:2323-2349

2334

1D uey) AJIATISUS 19}19q
AYSIS sey pue GZTVD [PWIOU M

LD uey)
(%58 A %G6) Kovandoe pue ‘(%16
SA %001) K30yroads ‘(%48 SA %56)

1D/LAd UO 9SBISIP JO 9OUIPIAD
pey 1D PIOUBYUI-]SEIUO0D U0 JJULD

siuened ur HOY 10910p WD [D/IAd  ANATISUDS 10110q [[BIRAO SeY 1D/ LHd LD Jo uonesrpur ou yim sjusned Jo %1¢ 99 d [96] T2 10 Sresoyg
(€ero=4)
VHD [PAS[-MO] dATssa13o1d yjim
siened ur (11/01) %606 PUe VD
vAD  Twy/n §¢ <y syuened ut (G1/6T) siuoned
Ul $9SeAIOUT (IIM stowny Arewrid %0071 Sem JIOUED UBLIBAO JULINOAI Y Jo (%8°€S) 1 ul JuswdSeuewr
Pu0d9s pue 3O 19919p Ued 1.5/1dd 10} LD/1Ldd DA Jo 91el uonosaeq SCIVD papualur oy pasueyd [.J/1ad LT d [s6] 'Te 30 Suog
syuerdwr [eau
-0j11ad wo-1 03 -G'() YIIM 9SOY) pue
%8°L6 syuedur [eauojrrad wo-g Q> PIm
syuerdur KoeInooe onsouSerp pue ‘%¢6'/8 9501} 10 YA JO 9SOY) UBY) 10130q
[eauojLIad wo-g > JO uondlep ay) ul AdN ‘%001 Add ‘%001 Aoyroads A1oM [D/1Hdd JO sen[ea Aoeinooe
TN uet KorInooe 101edl8 sey [D/LAd  ‘%S'L6 Sem KIADISUS 1D/ [Hd 10 TIN onsouserp pue ‘AdN ANADISUSS Ly d [¥S] Te 10 Hueg
1dd
£q P9109Jap 10U Sem YOTYM “OSBISIP
POIRUTWASSIP ATI[IW Pey %7°CT Sypuowr 9 > .1 B [pim asoy)
uono[es ‘uerd JuowoSeuew ur a3ueyo € 0) sA urened oyerdn D pPozIeoo]
juenjed A1931InS 9ATIONPIIOIAD J0] [NJIS) P9 LD/1Ad ‘swuened jo %486 104 - ® pey syjuolt 9 < [ YIm sjuaned e A [£6] Te 10 vUIQY
601'0=4°5556°0
ONV (€6'0-18°0 1D %S6) 880 DO0¥ Sunoalep ur [J/1Hd o anfea
QOUR[[IOAINS JUSLIND O} Kyroyroads pajood ‘(46°0-88°0 1D [euonIppe pAIw| dAey Aew soSewr
yuowolddns [njesn & oq WS [D/IHd  %S6) 16°0 Lranisuas pajood 10/1dd TIN ‘LD ‘LAd ‘STIVD 1D pajerdiaut jo Lorimooe onsouser( e W [zs] e nn
204
Sursouge1p 10§ %06 L11oyroads ‘o7 6
1D pue punosenin  ANANISULs :1.0/1Ad ‘%06 Aoyroads
Jo yey uey 1ySIy sem DOY Sul ‘%18 KNADISULS 11D (%06 LIOY
-10919p 10§ 1.D/LAd JO anJea ousouselq -10ads ‘9,99 AJIANISULS :punoseny 1D ‘punoseniny ¢ N ‘(sisornawopud) 1 d4 ‘LO/LAd 09 d [16] Te 10 wnsty
%L6 Add ‘%06
AdN u31y € sey [D/1Ad 2ADESON  AdN ‘%06 A110y1oads ‘% /6 Kianisueg - INATdd 8 d [0S] T2 1 [299H
(%56) Lormooe pue (%L6)
Add ‘(%06) AdN “(%26) foyroads sase)sejow [eduojtrad
(9%96) AITADISUDS JO SWLIA) UL Sunoalep 10§ %001 Jo Aroyroads e
1D pauriopradino Apueoyruss [J/IHd  (50°0>d) 1D pautiopradino 1.0/1dd IO pue %96 jo Ayanisuas e seq 1D/1Ad 481 d  [6¥] T80 [oxeme],
uonen[eAd
Kdeiay 10J 9%6°88 Jo Ajoyroads
® pue 9,/ 7/ Jo AJTAI}ISUSS © pue
QSBASIP JUALINDAI JO JUIWSSISSE ) sisou3oid 100d Jo $10)
10} 9%8°LL JO A1oy1oads ® pue 9,9'84 -o1paxd yuopuadaopur arom 1.D/1Ad
Ayrepow SurSewrt (njasn e ST [D/Idd  JO Aantsuas e sey Surdewrt 1D/1Ad STIVD UO 90UAILINDI [eauojriad pue a3y Szl A [81] Te 10 eisijeSueAqg
uoIsn[Ouo)) Jnsoy paredwo) sSurpuy 1.D/1Hd uunisg sjuaneqd odAL Apmgs

(DO¥) 199ULd UBLIBAO JULINJAI JO UONINAP 10] (1.D/1dd) AydeiSowoy payndwos/AydeiSowo) uorssiwo uonisod uneneas saipni§ ¢ a|qel

pringer

Qs



2335

Abdominal Radiology (2021) 46:2323-2349

SAd pue A1231ns
QATIONPRI0}AD ATRpU0d9s ewmndo

(£8°0=4d) smue)s

Sunyngap pue **A NS usamieq
UOT)BIOOSSE JUBOYIUSIS OU Sem
a1ey) “1oAemoy ‘Sunyngop rewmndo

M pIJeIoosse Aam (¢100°0=d)

(01°0=4d) Sdd 01 pare[a: Apueoyu
-81s J0u sem *"ANS (6900°0=4)

8 $6°G¢ or0QE O, Io/pue
(1610°0=4) Tw 76'L 91098 ALIN

[HIA PojeId0sse oe solow 1Hd DA OTL Pue (§200°0=4) AL — UM 350U UT S 1e10ys Apuesyrusig 99 d [99] e 30 seSIeA
(P81 =1) %8L'98
QOUAIINDAI JO UOTIIAIP 10§ (9T = U) Jo Ayanisuas pajood ‘3uidels 10y 1D
%08°€6 Jo Aoyroads pue %46°co /1Ad JuamIopun oym SISOJEWOUIdIed
Kyoyroads pue Ayranisues ySTH - o Ayranisuos pojood e pey [/ TIA/LAD TIN LD [eeuoitiad mim syuaned y81 Suowry 01 W  [59] e yerddng
%L6
BUWIOUIDTED Koeanooe ‘9001 Anoyroads ‘46
SnoIas aper3-mo[ jo dn-mofjoj Surmp KNATISUDS ‘BUWIOUIDIRD SNOJAS IpeId 90UALINOAI I9)Je
uonewIojur [nyosn sopraord [D/IHd  -40[ JO UOTDIOP oyl UT LD/ LHd 104 LD ‘STIvD [eATAIns Jo 103o1pad € oq Aew HTL 8Y q [¥9] T 10 monaye],
(100°0> 4 ‘%809 aane3ou sem D) oy uoym syuoned
o204 SA %T°76) 1D Uey AITADISUSS uon Jo %769 ut pue syjuaned Jo %9°9G ur
pajoadsns 10§ [00) oNsOUSeIp [qen[eA -0930p 1y31y & papraoxd 1D/1dd 1D  uepdjuounean oy) payipouwr [D/1dd w d [€9] 'Te 10 nsny
(620=49)
Awojorede] puodss € pey oym 5o}
%¥8 Kdemdase ‘%0L AN ur syyuowr £°¢1 +9°0¢ pue Lad
Awojorede] yoo[ puodas ‘%¢6 Add ‘%88 Lroyroads ‘978 PeY oy IS0y} SYIuoW /7] F§'8T
0} onfea osnsoudod reqruits € sey [Hd K)IATYISUDS [[BIOAO0 ‘T Hd O 10 - SEM [BAIOIUI 991J-UOISSAISOIJ SS dq [29] Te 10 wry]
J1ad e (%T'LE=6SE TD %S6)
14d uo Sased JO %G 9¢ ul ueld JuowoSeuew Q0UQLINOAI pUE
paseq juowroSeuru papuslul ur o5uey)) papudur 110y} paSueyo SueIOISAYJ —  ‘SurSeisor ‘Surdeys 10§ 1O/1Ad %L'€8  SAIPWS GL6TT  od [19] T 10 JUIH
%L 99 AdN
‘9001 Korandoe ‘o001 Aoyroads
SINI[EPOW SJUB[[ISAINS SAT)ISUSS ‘%8 18 ANADISUS :1D/LHAd 104 1D PIdUBYUD ‘GTIVD NA ¢ peq LD/Ldd 61 d [09] 'Te 10 nseN
%001 AdN
D0O¥ Pue ‘%76 Add ‘%6 Lormooe ‘968 Aoy
uoneIYNUAPI A[Ied I0J [00) QANISUAS  -10ads ‘9001 ANANISULS :1.D/1dd Jod - - St d [6S] 'Te 10 ueg
(T 0¥ pa1oalap Afarer 19d
/0090 7—¢ €1 dBuel) T/ L'991 U/ 07 Mo[dq tsyuened Jo %/6
DOY paoadsns JO GZTVD uBIpawW & M DOY [0 ur 9IS Jown) pajoolep IHJ ‘T
JO 595D UI PaIopIsu0d oq Aewl Jgd  -uelod payesrpur sarpmis Tad JO %irL STIVD /0 0€—0T JO dFURI GZTTVD B UIIIA  SIIPMIS [Hd 06 d [8¢] T8 10 [oZUSN
(%¥) syoned ze/p1
ut pejedipul alom [5/1Hd 19)e
juowrageurw ur sagueyd Ajfepout
=t {10/LHd U0 %9°06 SA DOY NA € ‘dd 1 1dooxs
LD Uey) 119q DOY $19939p LD/ LHd 1oy aanrsod saSew! 1. pey %5729 LD  PowWIyuood a1oM sSUIpuy [D/1Ad IV [43 d [L6] 'Te 30 MSUEN
uoIsn[Ouo)) Jnsoy paredwo) sSurpuy 1D/1Hd ueunIsg sjuaned odAL Apmgs

(ponunuoo) ¢ sjqey

pringer

a's



Abdominal Radiology (2021) 46:2323-2349

2336

eyep Ansi3a1 oanoadsoid,

aantsod on1) g7 ‘9AneSou ony) A[f ‘[BAIAINS

asdefor-1s0d Sy g ‘SISA[00A[S UOISI] T30} APOQ-I[oyM HTLGA ‘SOWNOA JOWN) JT[OqRIOW APOQ-9[oUyM A JHGM ‘OAIND Y} Iopun eaIe )y ‘onjea oyeidn paziprepue)s wnwrxew 4 ,)g ‘Ownjoa
Jown) OI[OqeIdW A [ ‘[BAIAINS 201J-UOISSAIS0Id §./J ‘SISA[0OA]S UOISI[ [810) HT ‘[BAIDUI dOUIPYUOD [) ‘UAFNUE JIUOAIQUIDOUIDIRD V/7,) ‘TEAIAUI 921J-JUSWIRAN] [, [ ‘SUISEWI 90UBUOSII O1oU
-Sew Jyy ‘sisA[eue-elow Jy ‘9Ane3ou as[ej N7 ‘@anisod as[ej .7 ‘onea 2anorpaid aanisod AJd ‘onfea 2anodrpaid aaneSou AgN ‘9Andadsoid g ‘9A10adsomnar y ‘Todoued UBLIBAO JULINOAI DOY

juauean) 1938 DOY SunoAep ur 1D

pue Aesse 7]V WIS UBY) JUOLJO

1D pue ¢Z1vD 01 JoLradns
Sem pue ‘9,¢8 AoBINOOE ‘%66 AIN
‘%96 Add ‘%L8 Koyroads ‘9z

a1out oq 03 udAoxd sem [D/LAd DAL Ayanisuas [[eraao ue pey 10/1dd 1D ‘STIvVO Nd LT ‘dd € sey 1D/1dd 121 d  [pL] T8 19 oraoumuy
(100°0> d) sapou ydw|
P10asSIp Ut DOY 10§ %0°TL Loer
-Node pue ‘% ¢ 69 AN ‘%8'T8 Add sopou aanIsod
sopou ydwAj [esuoyrrod ‘%016 Aroyroads 9/ 0 sem AIAn A[reor3oroyied Jo 9,¢°6G Ul ASLISIP
-ona1 ur DOY Surkynuopt ur AJd YSTH ~ -ISUSS 9y} ‘SUISeq [EpOU 1951) [[B 10, — ordoosoorur AJnuapr 03 pafre} 1D/ Ldd al M [¢L] Te 10 molsuig
UOT)O)3P ISBISIP synsax [/ LAd 1e)e jusweSeuew SIOYI0 pue ‘(%6¢)
IoA1] Je[nsdeoqns pue ‘Tesuoyrrod pazaye pey syuaned Jo 908 ‘%, ul suorso] [eauojrrad 93019s1p ‘(%0€)
‘fepou ur Jor1adns ST pue ‘SUOISI| Mau suol1s9[ [euonippe ‘syuaned Jo %89 SuoIs9[ [epou (%, °¢8) wseiyderp
Pa10910p “Juswadeurt pardlife 1.D/1dd Ul SUOIS9[ MaU paynuapt 1.D/1dd - 9} MO[oq SUOISI [RUOTIIPPE MAN] ¢ d [zL] Te 10 weyng
9seasIp Jurzr
~[290] I0J %06 ANADISUDS %001 A1t
90UQ1INOAI PAJoadsns ur AN 3s93ealn) -0y10ads Pue %G 6 ANANISUDS [[BIOAQ - ZNA ‘v dL v NL 6€ d [12] Te 30 [TRIYL,
%Cs ut
9sBasIp a10W pue syudned Jo 96 ur
juowaSeuew Sueds ¢¢ 9SBASIP SSO] pamoys 1.D/1dd ‘[[eIeA0
s19)[e pue DOY Jo uonnquusip oy} 03 Surpuodsariod ‘syuaned Jo 9,/ G ur ‘syuanjed Jo 9,19 UT UONNGINSIP
JO Juawssasse ay) sayipow [D/1dd  uerd juswaSeuew oy uo joedwr ySiy - 9SBASIP UMOUY Y patdye 1D/ Ldd 96 d [0L] ‘Te 10 yYooowg
S¥d 10§ senfea aanod1paid juedoyiu 3 zeg
-31s oaey esdear 3s1y Yy Jo awn oY) S¥d 105 s1o03oe) onsousod jued OTLIM PUB ‘WO 76 ALINGM V1
1e s1ojoweled orjoqelow aanenuend)  -yIuSis axom OTLIM PUB ALINIM - sem ™A NS 10] anfea oo rewndQ 96 M [69] ‘Te 10 Wy
(S0°0>d pue [0 =d) s1opear yioq
(9L°0=4d) 1D/LAd 10§ #°0 PUE $8°0 10J [eATAIns 100d (1M PAIBIOOSSE
DO 10j AoeInooe  pue [ 10§ §/°(0 PUB G8°() 9IoM 0UI Apueoyru3is a1om sjisodop [eouo)
Te[rwats oAey Aew [D/IHd Pue [D  -INO3I JO UOTIIIRP UI SOV SIopeay 10 -11ad jo ™A NS pue ‘Jequnu ‘9zIS G¢ M [89] ‘Te 10 B[RS
%LS AN ‘%68
Add ‘%LL Adenooe ‘9¢/ Aoyroads po1sadsns sem [D/1dd Aq Jowm jo
Add STy e pey LO/IAd ‘%8 ANADISUSS Paseq-Uolsa] [[EIAQ —  UONO2I9p 10j WS 6°() JO ploysaly) 9zIg 1€ d [L9] Te 10 tuoxIg
uoIsnOuo)) Jnsoy paredwo) sSurpuy 1D/1dd uunIsg sjuaned odAL Apmgs

(ponunuoo) ¢ sjqey

pringer

Qs



Abdominal Radiology (2021) 46:2323-2349

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. ¢ 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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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

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

@ Springer

and c¢ post-contrast TIWI show non-enhancing dilated tubular struc-
ture in the left adnexa suggestive of a hydrosalpinx (arrow) with some
fluid (asterisk)

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.
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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, ¢ coronal fused
and d axial post-contrast TIWI, 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 7l-year-old woman with high-grade serous carcinoma.
a Axial T2-weighted imaging (T2WI), b sagittal T2WI, ¢ coro-
nal T2WI, d axial post-contrast TIWI 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-

@ Springer

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, ¢ 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, ¢ 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 TIWI
MRI, and k axial fused T2WI PET/MRI. A left hip prosthesis was
present (asterisk). b: urinary bladder, v: vagina, r: rectum, u: ureter
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a Axial

endometrioma.
T2-weighted imaging (T2WI), b sagittal T2WI, ¢ coronal T2WI, d
axial post-contrast TIWI 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

Fig.9 A 29-year-old woman with
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