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Abstract

Ovarian cancer is the second most common gynecological cancer in western women, next to uterine cervical
cancer. As the symptoms are nonspecific, only 20% of ovarian cancers are diagnosed while they are still limited to
the ovaries. Imaging is essential in detection and localization of suspecting recurrent tumor. However, 40-60% of
patients treated for ovarian cancer with normal CA-i25 levels and negative clinical findings for recurrence were
proved to have recurrence on second look laparotomy. PET/CT is one of the methods used to detect ovarian cancer
recurrence; its metabolic tracer makes it superior to other methods in lesion detection ability. Recently, i8 F-
Fluorodeoxyglucose (i8 F-FDG) positron emission tomography (PET)/CT has gained widespread acceptance in
diagnosing and staging various cancers. Nevertheless, most studies using i8 F-FDG PET/CT in ovarian cancer patients
have been limited to detecting recurrence or distant metastasis, and relatively few studies have demonstrated the
effectiveness of i8 F-FDG PET/CT in detecting primary ovarian cancer. One of the methods to overcome this problem
is to use dual-time point PET imaging in the identification of malignant lesions. Various studies have reported the
effectiveness of dual-point PET imaging in different malignancies. They suggested the retention index (Ri), the

percentage change between the i-h SUVmax and the 2-h SUVmax, as a diagnostic criterion
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1. Introduction

Ovarlan cancer 1s the second most common
gynecologlcal cancer 1n western women, next to
uterlne cervlcal cancer. As the symptoms are
nonspeclflc, only 20% of ovarlan cancers are
dlagnosed whlle they are stlll I1mlted to the ovarles
[1].

Thls 1s why ovarlan cancer 1s the leadlng cause
of death among gynecologlcal cancers. Accordlng to
estlmates by The Amerlcan Cancer Soclety, ovarlan
cancer account for 3% of new cases of female
mallgnancy and 5% of cancer related death 1n 2009 1n
The Unlted States [2]. Therefore, early detectlon and
characterlzatlon are 1mportant and contlnulng
challenges. The most typlcal symptoms of ovarlan
cancer 1nclude bloatlng, abdomlnal or pelvlc paln,
back paln, lrregular menstruatlon or post-menopausal
vaglnal bleedlng, paln or bleedlng after or durlng
sexual 1ntercourse, loss of appetlte, fatlgue, dlarrhea,
1ndlgestlon, heartburn, constlpatlon, feellng full,
and posslbly urlnary symptoms lncludlng frequent
and urgent urlnatlon [2].

1maglng moOdalltles 1ncludlng  cOmputed
tOmOgraphy (CT) and magnetlc resOnance 1maglng
(MR1) have been prOpOsed as adjunct methOds tO
cOnvent10nal trans-vaglnal ultrasOnOgraphy. HOwever,
desplte havlng hlgher sensltlvity and speclflclty
than ultrasOnOgraphy, a preOperatlve dlagn0sls uslng
CT Or MR1 1s Often 1ndeterm21nate [3].

Recently, 18 F-FluOrOdeOxyglucOse (18 F-FDG)
p0s1trOn em1ss10n tOmOgraphy (PET)/CT has galned
wldespread acceptance 1n dlagnOslng and staglng
varlOus cancers. Nevertheless, mOst studles uslng 18
F-FDG PET/CT 1n Ovarlan cancer patlents have been
I1m1ted tO detectlng recurrence Or d1stant metastasls,
and relatlvely few studles have demOnstrated the

effectlveness Of 18 F-FDG PET/CT 1n detectlng
primary Ovarlan cancer [4].

SOme parameters are used as dlagnOstlc crilterla
fOr 18 F-FDG PET/CT t0 1ncrease the accuracy Of
detectlng mallgnancy. The mOst typlcal dlagnOstlc
crlterlOn parameter 1s the maxlmum standardlzed
uptake value (SUVmax). HOwever, SUVmax has
I1m1tat10ns, because 1t 1s alsO 1ncreased 1n benlgn
cOnd1tl0ns related tO0 phys10l0glc varlatlOns,
degenerat10n, and 1nfect10n Or 1nflammat10n, as well
as 1n mallgnant les10ns [5].

One Of the methOds t0 OvercOme thls prOblem 1s t0
use dual-tlme p0int PET 1maglng 1n the
1dent1flcat10n Of mallgnant les10ns. Var1Ous studles
have repOrted the effectlveness Of dual-pOlnt PET
1maglng 1n dlfferent mallgnancles. They suggested
the retentlOn 1ndex (R1) ,the percentage change
between the 1-h SUVmax and the 2-h SUVmax, as a
dlagnOstlc crlterlOn [6].

2. Patient and methods
2.1 Patients

FOrty-flve patlents wlth suspected Ovarlan
cancer by dlagnOstlc 1maglng Or by CA-125 were
referred tO perfOrm PET/CT. We evaluated PET/CT
and enhanced CT scans fOr patlents wlth newly
dlagnOsed cancer Ovary Or underwent surgery fOr
Ovarlan cancer fOllowed by chem0O and/Or
rad10therapy.

2.2 Study design

1t was slngle center; PrOspectlve study that was
cOnducted 1n Nasser lnstltute hOspltal durlng the
per10d frOm OctOber 2018 t0 OctOber 2019 .

All clinlcal and hlst0-pathOlOglcal 1nfOrmat10ns
were cOllected frOm the patlent’s flles. Thils
Included the TNM class1flcatlOn and l0callzat10n
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Of the prlmary tumOr, tumOr marker levels, the type
Of treatment recelved and current reasOn fOr FDG-
PET/CT referral.

After apprOval frOm ethlcal cOmmdlttee, an
1nfOrmed cOnsent was Obtalned frOm all patlents 1n
the research. All data Of the patlents had been
cOnfldentlal wlth secret cOdes and prlvate flles fOr
each patlent.

2.3 Methods

Patlents fasted fOr at least 6 hOurs befOre the
examlnatlOn, except fOr water and glucOse free fluld.
BI00d glucOse levels measured less than 200 mg/dl.
Patlent’s welght was measured. A dOse Of (0.18-
0.21mCl/kg, 5-14 mCl) FDG was 1njected
IntravenQusly. The patlents rested 1n a qulet rOOm.
After the 45-60 mlnute uptake perl0d, the patlents
were asked tO v01d just befOre enterlng the
examlnatlOn rOOm. NO Oral Or 1ntravenOus cOntrast
agent was used fOr the PET/CT examlnatlOn. Multl-
detectOr CT examlnatlOn frOm the base Of the skull t0
the upper thlghs (120 mA, 140 kVp, table speed = 13.5
mm per rOtatl0n and thlckness Of 4 mm) was planned.
After CT acqulsltlOn, PET acqulsltlOn Of the
same axlal range started wlth the patlent 1n the
same p0s1tl0n On the table fOr 2-3 mlnutes per bed
p0s1t10n. PET data was acqulred by uslng a matrlx Of
128x128 plxels. CT-based attenuatlOn cOrrectl0On Of
the emlssl0n 1mages was used. After PET data
acqulsltlOn was cOmpleted, the recOnstructed
attenuat10n cOrrected PET 1mages, CT 1mages,
and fused 1mages Of matchlng palrs Of PET and CT
1mages were avallable fOr revlew 1n axlal, cOrOnal,
and saglttal planes, as well as 1n max1lmum lntenslty
prOjectlOns and 1n three-dlmenslOnal clne mOde.
COntrast enhanced CT was perfOrmed by the same
scanner 20-50 secOnds after glving bOlus 1nject10n Of
nOn-10nlc 10d1nated cOntrast at dOse abOut 2-3 mI/KG
0f bOdy welght. Scannlng were acqulred frOm the base
Of the skull t1ll the m1d-thlgh may 1nvOlve the whOle
bOdy 1n case Of extenslve skeletal depOslts, uslng the
2.5 mm thlckness sect10n.

2.4 Interpretation and Image analysl1s

Qualltatlve assessment fOr the presence Of hyper-
metabOl1lc les1Ons were evaluated On cOrrected PET
1mages. Seml-quantltatlve evaluatlOn was perfOrmed
uslng the Standardlzed Uptake Value (SUVmax)
accOrding t0 the fOllowlng fOrmula: {SUVmax =
max1lmum measured actlvlty 1n the vOlume Of 1nterest
(mllllcurles per milllllter)/1njected dOse Of FDG
(mllllcurles) per gram Of bOdy welght Of all abnOrmal
fOcl}. The standard SUVmax Of 2.5 was cOnsldered a
cutOff pOlnt, where leslOns wilth SUVmax 0f 2.5 and
abOve 1n PET/CT studles were cOnsldered pOsltlve fOr
dlsease 1nvOlvement whlle flndlngs wlth SUVmax
belOw 2.5 were cOnsldered t0 be 1nslgnificant Of
dlsease 1nvOlvement. COntrast enhanced CT 1mages
were evaluated fOr the presence Of hepatlc fOcal les10ns,
lymph nOde slze(mOre than 10mm 1n 1ts shOrt ax1s)
Jymph nOde mOrphOlOgy , pulmOnary nOdules

,perltOneal masses ,Operatlve bed masses and skeletal
leslOns. COmparlsOn wlth Other cllnlcal and
dlagnOstlc methOds 1ncludlng labOratOry tests (tumOr
markers) and Other pathOlOglcal flndlngs was
perfOrmed.

3. Results

PET/CT scan was pOsltlve 1n 21 patlents and
negatlve 1n 4 patlents, 20 patlent were true pOsltlve, 2
cases was true negatlve, 1 was false pOsltlve and 2 were
false negatlve Table (1).

The CT scan was pOsltlve in 18 patlents and
negatlve in 7 patlents, 17 patlent were true positive, 2
cases was true negatlve, 1 was false pOsltlve and 5 were
false negatlve Table (2), Fig (1).

Table (1) D1strlbut10n Of bOth pOsltlve and negatlve
find1ngs PET/CT (Patlent based)

PET/CT(Patlent based)
TP TN FP FN
20 2 1 2
Sensitlvity 90.9%
Speclflclty 66.6%
PPV 95.2%
NPV 50%
Accuracy 88%

Table (2) D1strlbut10n Of bOth pOsltlve and negatlve
flnd1ngsCT (Patlent based)

CT(Patient based)

TP TN FP FN
17 2 1 5
Sensltlvity 77.2%
Speclflclty 66.6%
PPV 94.4%
NPV 28.5%
Accuracy 76%
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Fig (1) a diagram showing comparison of CT to
PET/CT in-patient based data.

4. Discussion
POs1trOn emlss1On tOmOgraphy (PET) 1s a
functl0nal 1maglng mOdallty that 1s 1ncreaslngly used
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wOrldwlde. F-18 FDG PET 1maglng 1s wldely used 1n
cllnlcal OncOIOgy [7].

Ovarlan cancer 1s the elghth mOst cOmmOn cause Of
cancer death 1n wOmen wOrldwlde, due t0 advanced
stage dlsease at presentatlOn. Desplte hlgh clinlcal
respOnse rates after Optlmal de-bulklng surgery and
cOmblnatlOn chemOtherapy, 50-75% Of patlents stlll
experlence dlsease relapse [8].

1maglng 1s essentlal 1n detect10n and l0callzat10n
Of suspectlng recurrent tumOr. HOwever, 40-60% Of
patlents treated fOr Ovarlan cancer wlth nOrmal CA-125
levels and negatlve clinlcal flndlngs fOr recurrence
were prOved tO have recurrence On secOnd 100k
lapar0tOmy (Smith GT et al., 1999)[9]. PET/CT 1s One
Of the methOds used tO detect Ovarlan cancer recurrence;
1ts metabOllc tracer makes 1t super10r tO Other methOds
1n les10n detect10n ablllty [10].

Several studles have shOwn that, amOng patlents
whO are suspected Of havlng Ovarlan cancer recurrence,
PET/CT has the greatest utlllty 1n thOse patlents wlth
rising Or nOrmal CA-125 levels and negatlve
cOnventlOnal 1maglng results (Gu P et al. 2009)[11].
AccOrd1ng t0 the cause Of referral, Our study revealed
that 20 patlents were referred due t0 rlsing CA-125, 13
patlents were suspected tO have recurrence by
dlagnOstlc 1maglng mOdalltles (US — CT), 7 patlents
were suspected tO have recurrence clinlcally, sO mOst Of
the patlents had ralsed CA-125. These results are 1n
agreement wlth study made by Sanja DragOsavac whO
fOund that mOst Of patlents 1ncluded 1n thelr study 80%
were wlth elevated CA-125, 55% Of patlents were
suspected tO have recurrence by dlagnOstlc 1maglng
mOdalltles and 33% was suspected clinlcally [10] .

Serum CA-125 level 1s an 1nd1catOr Of actlvlty 1n
eplthellal tumOrs [12]. Elevatl0On Of CA 125 values can
be detected 3-6 mOnths befOre clinlcal and rad10l0glcal
flndlngs [13].

The hlstOpathOlOglcal results 1n Our study were,
88% Of patlents had serOus paplllary adenOcarclnOma,
8% Of patlents had clear cell adenOcarclnOma and 4% Of
patlents had undlfferentlated carclnOma, these are
almOst cO1lnclde wlth study made by Ghada K. GOuhar
study tO0 assess the beneflt Of 18F-FDG PET/CT 1n
detectlOn Of recurrent Ovarlan cancer 1n whlch 39
patlents 87.2% had serOus paplllary adenOcarc1nOma,
7.7% had clear cell adenOcarclnOma, and 5.1 % had
undlfferentlated carclnOma [14].

The present research fOund that, accOrd1lng t0 F1GO
classlflcatlOn 84% Of the patlents, had an advanced
Ovarlan cancer at 1nltlal dlagnOsls; 4% Of the patlents
were F1GO0 1, 12% were F1GO0 11, 65% were F1G0 111
and 20% were F1G0 1V, these cOlnclde wlth results 1n
Ghada K. GOuhar study, they fOund that patlents with
stage 111 cancer at 1nltlal dlagnOsls are the mOst
frequent then stage 1V, these malnly because Of hlgh
recurrence pOss1bllity wlth advanced stages [14] .

The pOsltlve patlent pOpulatlOn 1ncluded 1n thls
study had varlable extent Of the recurrence by PET/CT.
9 patlents had 10cal pelvic recurrence, 7 patlents had
pelvlc lymph nOdes recurrence, 5 patlents had para-
alrtlc lymph nOdes recurrence, 4 patlents had dlstant
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lymph nOdes recurrence (Medlastlnal, Supraclavlcular,
Axlllary), 13 patlents had perltOneal depOslts as a
recurrence and 10 patlents had dlstant metastasls
(L2ver, lung, bOne, braln and Others). These flnd1lngs
are slmllar tO study made by Halkla, E et. al., 2012 whO
stated that the mOst cOmmOn slte Of Ovarlan cancer
recurrence was Omentum. [15]. 1n present examlned
patlents accOrdlng tO the reglOn Of recurrence 1n the
bOdy, Of 25 cases flfteen patlents shOwed Only
abdOmlnal and pelvlc metastasls, flve Of cases shOwed
accOmpanylng sltes Of metastasls wlth abdOmlnal and
pelvic reglOns, flve patlents were negatlve. These
results agree wlth study Of Sebastlan S, et al., studled
the PET/CT vs. CT alOne 1n Ovarlan cancer recurrence,
53 PET/CT scan were cOnducted On 51 patlents, they
stated that abdOmen and pelvls was 57% and 15% Of
patlents shOwlng chest and neck metastasls wilth
abdOmlnal and pelvlc recurrence, but malnly due tO
mOre study patlents number Of the negatlve cases were
mOre than 1n the present study, thus the mOst cOmmOn
slte Of recurrence 1s the pelvl-abdOm1nal reg10n [16].

5. Conclusion

FDG PET/CT can slgnlficantly mOdify the
assessment Of the extent Of prlmary and recurrent
Ovarlan cancer and, hence, Often alters patlent
management substantlally. FDG PET/CT has thus
becOme a criltlcal t00l fOr the preOperatlve evaluatl0n
Of wOmen wilth prlmary Ovarlan cancer and fOr
pOstOperatlve fOllOw-up assessment fOr evldence Of
recurrence 1n these patlents.

Fig (2) A 57-year-old woman with ovarian cancer
underwent FDG PET/CT imaging for pretreatment
purposes. (Upper left) Transverse PET image
shows an area of focal abnormal FDG uptake in
right iliac fossa (arrow). (Middle left) Transverse
CT image shows corresponding mesenteric
implant (arrow) adjacent to a metallic clip. (Lower
left) Transverse fused PET/CT image again shows
1.7 cm mesenteric implant (arrow) with high
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pathologic FDG uptake in keeping with residual
disease. (Right)  Coronal maximum intensity
projection PET image shows residual pelvic
disease and confirms absence of distant

metastases.

Fig (3) Coronal fused PET/CT image showing large
metabolically active FDG avid pelvi-abdominal
cystic lesion with marginal nodular thickening
with and metabolically active FDG avid right
para cardiac soft tissue mass lesion measuring
6 x4 cm.
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