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Abstract

Background To evaluate the diagnostic value of retro-
spective image fusion from pelvic magnetic resonance
imaging (MRI) and '|F-fluiorodeoxyglucose positron
emission tomography (PET) in detecting intra-pelvic
recurrence of gynecological tumor.

Methods Thirty patients with a suspicion of recurrence of
gynecological malignancy underwent inline contrast-
enhanced PET/computed tomography (CT) and pelvic
contrast-enhanced MRI for restaging. Diagnostic perfor-
mance about the local recurrence, pelvic lymph node and
bone metastasis and peritoneal lesion of PET/low-dose
non-enhanced CT (PET/IdCT), PET/full-dose contrast-
enhanced CT (PET/ceCT), contrast-enhanced MRI, and
retrospective image fusion from PET and MRI (fused PET/
MRI) were evaluated by two experienced readers. Final
diagnoses were obtained by histopathological examina-
tions, radiological imaging and clinical follow-up for at
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least 6 months. McNemar test was employed for statistical
analysis.

Results Documented positive locally recurrent disease,
pelvic lymph node and bone metastases, and peritoneal
dissemination were present in 53.3, 26.7, 10.0, and 16.7 %,
respectively. Patient-based sensitivity for detecting local
recurrence, pelvic lymph node and bone metastasis and
peritoneal lesion were 87.5, 87.5, 100 and 80.0 %,
respectively, for fused PET/MRI, 87.5, 62.5, 66.7 and
60.0 %, respectively, for contrast-enhanced MRI, 62.5,
87.5, 66.7 and 80.0 %, respectively, for PET/ceCT, and
50.0, 87.5, 66.7 and 60.0 %, respectively, for PET/IdCT.
The sensitivity of diagnosing local recurrence by fused
PET/MRI was significantly better than that of PET/IdCT
(p = 0.041). The patient-based sensitivity, specificity and
accuracy for the detection of intra-pelvic recurrence/
metastasis were 91.3, 100 and 93.3 % for fused PET/MRI,
82.6, 100 and 86.7 % for contrast-enhanced MRI, 82.6, 100
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and 86.7 % for PET/ceCT and 78.3, 85.7 and 80.0 % for
PET/1ACT.

Conclusion Fused PET/MRI combines the individual
advantages of MRI and PET, and is a valuable technique
for assessment of intra-pelvic recurrence of gynecological
cancers.

Keywords Fused PET/MRI - PET/CT - MRI -
Restaging - Gynecological tumor

Introduction

Inline positron emission tomography/computed tomogra-
phy (PET/CT), a combination of PET and CT with '®F-
fluorodeoxyglucose (‘*F-FDG), is now accepted as a
powerful imaging modality in evaluating various kinds of
malignancies including gynecological cancers [1, 2]. PET/
CT has been reported to be more useful than PET alone,
with helpful anatomical and morphological information
from its CT portion.

However, contrast resolution of CT for different tissues
is limited especially in the pelvis and head and neck even
when full-dose exposure and contrast medium are
employed. In contrast, magnetic resonance imaging (MRI)
has several advantages over CT, such as high tissue con-
trast and no radiation exposure. Because of the higher
tissue contrast by MRI in gynecological cancers than with
CT, fusion of MR and PET images (fused PET/MRI) may
result in some clinical advantages for gynecological can-
cers over PET/CT. However, the clinical application of
fused PET/MRI of the pelvis in gynecological cancer
patients is still limited [3-5].

Moreover, although inline whole-body PET/MRI has
been developed recently, it remains unknown whether the
device is clinically applicable. To begin with, the clinical
value of image fusion from MRI and PET in the gyneco-
logical disease needs to be clarified. The purpose of this
study was to evaluate the validity of retrospectively fused
PET/MRI obtained from different scanners for assessing
intra-pelvic recurrence of gynecological cancers and to
compare the diagnostic accuracy of fused PET/MRI with
that of inline PET/full-dose contrast-enhanced CT (PET/
ceCT) and PET/low-dose non-enhanced CT (PET/IdCT)
with 18F—FDG, and contrast-enhanced MRI.

Materials and methods
Patients

This retrospective study was approved by the institutional
review board in our institute, and the need for patient
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informed consent was waived. From December 2011 to
January 2013, thirty patients (mean age 61.3 years; age range
38-83 years) previously treated for uterine cervical cancer
(n = 15), ovarian cancer (n = 9) and endometrial cancer
(n = 6) underwent conventional '*F-FDG PET/CT scan with
low-dose CT (1dCT) followed by full-dose with IV contrast
(ceCT) and pelvic contrast-enhanced MRI with a suspicion
of recurrence including elevated tumor marker levels,
abnormal CT or MRI findings, or an abnormal Papanicolaou
smear. All patients received the histopathological result by
biopsy or surgery, or clinical follow-up including PET/CT,
CT, and MRI examinations for longer than 6 months. The
maximum interval between MRI and PET/CT acquisition
was 21 days (mean 7.7 days; range 0-21 days).

Pelvic MRI

All subjects were examined using a 1.5 T MR scanner
(Achieva 1.5 T, Philips Medical Systems, Best, The Ne-
therland) with a pelvic phased-array coil. No intramuscular
injection of butyl scopolamine or glucagon was used.

Unenhanced Tl1-weighted images (T1WIs) were
acquired in the axial and sagittal planes with a spin-echo
repetition time (TR)/echo time (TE) = 525-702/
5.5-9.8 ms sequence, 4-5 mm slice thickness/1 mm gap, a
2024 cm field of view, and a 192 x 256 matrix. Axial,
sagittal and coronal T2-weighted fast-spin-echo images
(T2WIs); 3,500-4,600/90 ms, 4-5 mm slice thickness/
1 mm gap, a 20-24 cm field of view, and a 192 x 256
matrix) were obtained. Axial diffusion weighted imaging
(DWI) with b value of 0 and 1,000 ms were also obtained.
After administration of 0.08-0.1 mmol/kg of gadolinium
diethylenetriaminepentaacetic acid (DTPA) (Magnevist:
Bayer Schering Pharma, Osaka, Japan), we obtained T1-
weighted fat-suppressed axial, sagittal, and coronal
sequences sequentially, with parameters similar to those
used before the gadolinium DTPA injection.

BE_EDG contrast-enhanced PET/CT (PET/ceCT)

Whole-body imaging was performed using a combined
PET/CT scanner (Discovery PET/CT 690, GE Healthcare,
Waukesha, WI, USA). CT covered a region ranging from
the meatus of the ear to the midthigh. The technical
parameters of the 16-detector row helical CT scanner were
a helical pitch of 28 or a beam pitch of 1.75, a gantry
rotation speed of 0.6 s, and a slice thickness of 3.27 mm.
The PET component of the combined imaging system
allows simultaneous acquisition of 47 transaxial PET
images with an interslice spacing of 3.27 mm in one bed
position and provided an image from the meatus of the ear
to the midthigh with 7-8 bed positions. The transaxial field
of view and axial field of view of the PET images
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reconstructed for fusion were 60 and 15.0 cm, respectively,
with a matrix size of 192 x 192. To avoid artifacts caused
by the urinary tract, patients were asked to drink 500 ml of
water 1-2 h prior to image acquisition, and to void just
before the start of acquisition. No urinary bladder cathe-
terization was used. After at least 4 h of fasting, patients
received an intravenous injection of 222-333 MBq
(6-9 mCi) of '®F-FDG. The blood glucose levels were
checked in all patients before FDG injection and no
patients showed a blood glucose level of more than
160 mg/dL.

About 50 min later, initially 1dCT was performed at
120 kV and Smart mA (20-120 mA, Noise Index 30) with
the normal expiration position for attenuation correction of
PET image. A whole-body emission PET scan was per-
formed immediately after the 1dCT, with a 2-min acquisi-
tion per bed position using a three-dimensional acquisition
mode. Attenuation-corrected PET images were recon-
structed with an ordered-subset expectation maximization
iterative reconstruction algorithm called VUE Point FX-S
with TOF and sharp IR (18 subsets, 2 iterations).

Finally, diagnostic ceCT was performed for the same
axial coverage at 140 kV and Auto mA (20-300 mA,
Noise Index 10) and 35.0 mm/rotation speed, during breath
hold with the normal expiration positions, similar to 1dCT
scanning. Iodinated contrast material (Iopamiron Inj, Syr-
inge, Bayer Schering Pharma, Berlin, Germany) containing
300 or 370 mg of iodine per milliliter at a dose of 450 mg
of iodine per kilogram of body weight was intravenously
administered by using a power injector with a fixed
injection duration of 50 s. The scan of neck-thorax and
abdomen—pelvis was started at 50 and 100 s, respectively,
after injection. No oral contrast agent was administered.
For image fusion, 3.27 mm slice was reconstructed. The
1dCT, ceCT, and PET images were transferred to a com-
mercially available workstation (Advantage Windows
Workstation, version 4.5, GE Healthcare Technology) to
access all data (Fig. 1).

Fused PET/MRI

PET and all MRI series (T1WI, T2WI and contrast-
enhanced imaging) were retrospectively and manually
fused using a dedicated, commercially available software
(Advantage Windows Workstation, version 4.5, GE
Healthcare Technology). This automatic rigid fusion soft-
ware has already been used in other studies for image
fusion of PET and MRI [3, 5, 6]. MR and PET/CT images
were stored in a common database and the MR images
were registered to CT images of PET/CT using a semi-
automatic voxel-based algorithm. After registration, the
coregistered images were reconstructed and visualized in
the axial planes. Alignment in all three planes (axial,

coronal, and sagittal) was assessed by checking the body
outline and the position of metabolically active motionless
organs (bone and spine). When the accurate image fusion
was not feasible, PET-MRI fusion was evaluated by
assessing PET/MRI-fused images side by side with PET
and MRI images.

Image analysis

Images were analyzed on a dedicated workstation
(Advantage Windows, version 4.5; GE Healthcare Europe).
Two board-certificated radiologists/nuclear medicine phy-
sicians (both having double board-certifications) who are
especially experienced in gynecology imaging, consensu-
ally and retrospectively evaluated MRI, PET/ceCT, PET/
1dCT, and fused PET/MRI for the following findings:
(a) local pelvic recurrence, (b) pelvic lymph node metas-
tasis, (c) pelvic bone metastasis, and (d) peritoneal dis-
semination in consensus. Neither reader was aware of the
results of other imaging studies, histopathologic findings or
the clinical data. Each dataset was reviewed with the
consensus of the two readers after a minimum interval of
3 weeks to avoid any decision threshold bias due to read-
ing-order effects.

We referred several previous standard criteria about re-
staging gynecological cancer on MRI [7-9] and PET/CT
interpretation [10, 11]. On MRI interpretation, lymph node
swelling larger than 1 cm in short-axis diameter was graded
as metastasis. On PET/CT and fused PET/MR interpreta-
tions, the classification of LNs as cancer positive was based
on the presence of focally appreciable metabolic activity
above that of comparable normal structures or surrounding
tissue, with the exclusion of physiological bowel, vessel, and
urinary activity [12]. Furthermore, the presence of a central
unenhancing area suggesting central necrosis and the pre-
sence of peripheral low attenuation suggesting a fatty hilum
within an LN was considered a benign sign.

Standard of reference

Histopathological correlation was available in 16 patients
and was used as the standard of reference. In the remaining
14 patients, the results of treatment change and clinical
follow-up of at least 6 months including PET/CT, CT and
MRI examinations served as reference. We classified as
recurrence and/or metastasis the cases if, for example, (1)
the present study revealed highly suspected recurrence
without pathological evidence and the patient underwent
chemotherapy resulting in a decrease or disappearance in
size and/or FDG uptake in the follow-up study and (2) the
follow-up study revealed tumor recurrence with CT and/or
PET/CT in a place where a tiny lesion without FDG uptake
was imaged at the time of the initial (present) study (Fig. 2).
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Fig. 1 A 63-year-old woman with local recurrence, bone and lymph
node metastases after the surgery of uterine cervical cancer. a Axial
T2-weighted MR image shows slightly hypointense masses at the
right post-operative stump site (arrow) and left inguinal lymph node
swelling (arrowhead) suspect of local recurrence and lymph node
metastases. The abnormality of right pubis could not be detected.
b Axial fused PET/MR image demonstrates intense FDG uptake of
masses existing at right post-operative stump site (arrow), right pubis
(curved arrow) and left inguinal region (arrowhead) suggesting local
recurrence, bone and lymph node metastases. ¢ Axial PET/ceCT
image reveals abnormal FDG uptake at right post-operative stump site
(arrow), right pubis (curved arrow), and left inguinal region (arrow
head) suggesting local recurrence, bone and lymph node metastases.

Statistical analysis

The McNemar test was used to determine the statistical
significance of differences in the sensitivity, specificity and
accuracy as determined by PET/ceCT, PET/IdCT, MRI,
and fused PET/MRI. Statistical analysis was performed
with SAS software version 9.3 (SAS Institute, Cary, NC).
A p value less than 0.05 was considered to indicate a sta-
tistically significant difference.

Result
Documented positive locally recurrent disease, pelvic

lymph node and bone metastases, and peritoneal dissemi-
nation were present in 16 of 30 patients (53.3 %), 8 of 30
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d Axial PET/IACT image reveals abnormal FDG uptake at right post-
operative stump site (arrow), right pubis (curved arrow), and left
inguinal region (arrow head) suggesting local recurrence, bone and
lymph node metastases. e Axial diffusion weighted MR image shows
abnormal intensity of right post-operative stump site (arrow), right
pubis (curved arrow), and left inguinal region (arrow head). f Axial
PET image reveals abnormal FDG uptake at right post-operative
stump site (arrow), right pubis (curved arrow), and left inguinal
region (arrow head). All four protocols demonstrated true-positive
findings of local recurrence and lymph node metastases. b Fused PET/
MRI, ¢ PET/ceCT, and d PET/IdCT showed true true-positive finding
of bone metastasis, however, a MRI showed false-negative finding

(26.7 %), 3 of 30 (10.0 %), and 5 of 30 (16.7 %), respec-
tively. 16 patients had recurrence in only one of the four
sites, five had recurrence in two sites, and two had recur-
rence in three sites. Seven patients proved to have no intra-
pelvic recurrent or metastatic lesions.

On per patient basis, the sensitivity, specificity and
accuracy for the detection of intra-pelvic local recurrence
were 87.5 % (14/16), 100 % (14/14) and 93.3 % (28/30)
for fused PET/MRI protocol, 87.5 % (14/16), 100 % (14/
14) and 93.3 % (28/30) for contrast-enhanced MRI proto-
col, 62.5 % (10/16), 100 % (14/14) and 80.0 % (24/30) for
PET/ceCT protocol, and 50.0 % (8/16), 100 % (14/14) and
73.3 % (22/30) PET/IACT protocol (Table 1). The sensi-
tivity and accuracy of diagnosing local recurrence by fused
PET/MRI were both significantly better than that of PET/
1dCT (p = 0.041). There were no significant differences of
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Fig. 2 A 64-year-old woman
with local recurrence after the
surgery of endometrial cancer.
a Axial post-contrast T1-
weighted fat-saturated MR
image shows heterogeneously
enhanced mass at the left post-
operative stump site (arrow),
suspect of local recurrence.

b Axial fused PET/MR image
demonstrates intense FDG
uptake of the heterogeneously
enhanced mass at the left post-
operative stump site (arrow),
suggesting local recurrence.

¢ Axial PET/ceCT image
reveals focal FDG uptake of the
vagina (arrow), suspect of local
recurrence. d Axial PET/IdCT
image shows focal FDG uptake
of the vagina (arrow). However,
local recurrence was not
suspected due to no abnormal
findings by 1dCT (not shown).
e Axial diffusion weighted MR
image shows abnormal intensity
of the vagina (arrow). f Axial
PET image reveals abnormal
FDG uptake at the vagina
(arrow). b Fused PET/MRI,

a contrast-enhanced MRI, and
b PET/ceCT demonstrated true-
positive findings of local
recurrence, however, d PET/
1dCT showed false-negative
finding

sensitivity (p = 0.14) and accuracy (p = 0.14) between
fused PET/MRI and PET/ceCT protocols. The patient-
based sensitivity, specificity and accuracy for the detection
of pelvic lymph node metastasis were 87.5 % (7/8), 100 %
(22/22) and 96.7 % (29/30) for fused PET/MRI protocol,
62.5 % (5/8), 100 % (22/22) and 90.0 % (27/30) for con-
trast-enhanced MRI protocol, 87.5 % (7/8), 100 % (22/22)
and 96.7 % (29/30) for PET/ceCT protocol and 87.5 % (7/
8), 95.5 % (21/22) and 93.3 % (28/30) for PET/IACT
protocol (Table 1). There were no significant differences of
between fused PET/MRI and other protocols. The patient-
based sensitivity, specificity and accuracy for the detection
of pelvic bone metastasis were 100 % (3/3), 100 % (27/27)
and 100 % (30/30) for fused PET/MRI protocol, 66.7 % (2/
3), 100 % (27/27) and 96.7 % (29/30) for contrast-
enhanced MRI protocol, 66.7 % (2/3), 100 % (27/27) and
96.7 % (29/30) for PET/ceCT protocol and 66.7 % (2/3),
100 % (27/27) and 96.7 % (29/30) for PET/IdCT protocol

(Table 1). There were no significant differences of between
fused PET/MRI and other protocols. The patient-based
sensitivity, specificity and accuracy for the detection of
peritoneal dissemination were 80.0 % (4/5), 100 % (25/25)
and 96.7 % (29/30) for fused PET/MRI protocol, 60.0 %
(3/5), 100 % (25/25) and 93.3 % (28/30) for contrast-
enhanced MRI protocol, 80.0 % (4/5), 100 % (25/25) and
96.7 % (29/30) for PET/ceCT protocol and 60.0 % (3/5),
96.0 % (24/25) and 90.0 % (27/30) for PET/IdACT protocol
(Table 1). There were no significant differences of between
fused PET/MRI and other protocols.

The patient-based sensitivity, specificity and accuracy
for the detection of intra-pelvic recurrence/metastasis were
91.3 % (21/23), 100 % (7/7) and 93.3 % (28/30) for fused
PET/MRI protocol, 82.6 % (19/23), 100 % (7/7) and
86.7 % (26/30) for contrast-enhanced MRI protocol,
82.6 % (19/23), 100 % (7/7) and 86.7 % (26/30) for PET/
ceCT protocol and 78.3 % (18/23), 85.7 % (6/7) and
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Table 1 Comparison of fused PET/MR, PET/CT and MRI for
diagnosing intra-pelvic recurrence on a per patient basis

Fused PET/ MRI PET/ceCT PET/1dCT
MR (%) (%) (%) (%)

Local recurrence

Sensitivity ~ 87.5 (14/16)*  87.5 (14/16)  62.5 (10/16)  50.0 (8/16)*
Specificity 100 (14/14) 100 (14/14) 100 (14/14) 100 (14/14)
Accuracy 933 (28/30)*  93.3 (28/30)  80.0 (24/30)  73.3 (22/30)*

Pelvic lymph node metastasis
87.5 (7/8)
100 (22/22)
96.7 (29/30)

Bone metastasis

62.5 (5/8)
100 (22/22)
90.0 (27/30)

87.5 (7/8)
100 (22/22)
96.7 (29/30)

87.5 (7/8)
95.5 (21/22)
93.3 (28/30)

Sensitivity
Specificity

Accuracy

Sensitivity 100 (3/3) 66.7 (2/3) 66.7 (2/3) 66.7 (2/3)
Specificity 100 (27/27) 100 (27/27) 100 (27/27) 100 (27/27)
Accuracy 100 (30/30)  96.7 (29/30)  96.7 (29/30)  96.7 (29/30)

Peritoneal dissemination
80.0 (4/5)
100 (25/25)
96.7 (29/30)

60.0 (3/5)
100 (25/25)
93.3 (28/30)

80.0 (4/5)
100 (25/25)
96.7 (29/30)

60.0 (3/5)
96.0 (24/25)
90.0 (27/30)

Sensitivity
Specificity

Accuracy

PET/ceCT PET/full-dose contrast-enhanced CT, PET/ldCT PET/low-dose non-
enhanced CT

* The sensitivity and accuracy of diagnosing local recurrence between fused
PET/MR and PET/IACT were statistically different (p = 0.041)

80.0 % (24/30) for PET/IACT protocol. Among four
modalities, fused PET/MRI showed the highest sensitivity
and accuracy. However, the difference did not reach sig-
nificant difference about the sensitivity (p = 0.48), speci-
ficity (p = 1), and accuracy (p = 0.48).

Discussion

To our knowledge, this is the first reported study to have
investigated the validity of retrospectively fused PET/MRI
obtained from different scanners for assessing intra-pelvic
recurrence of gynecological cancers and to compare the
diagnostic accuracy of fused PET/MRI with that of con-
trast-enhanced PET/CT using '®F-FDG and pelvic contrast-
enhanced MRI. Among three modalities, fused PET/MRI
showed the highest sensitivity and accuracy. This result
may be because of excellent spatial resolution and soft-
tissue contrast of MRI and functional method based on the
increased glucose metabolism of cancer cells, regardless of
node size of '*F-FDG PET/CT [10].

There has been only one study to evaluate the additional
diagnostic value of fused PET/MRI in the detection of
pelvic and para-aortic metastatic lymph nodes in uterine
cervical cancer patients. Kim et al. [3] demonstrated that in
a study of seventy nine patients with FIGO stage IB-IVA
cervical cancer, region-based sensitivity, specificity and
area under the receiver operating characteristic (ROC) of
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Fig. 3 A 38-year-old woman with local recurrence and peritoneal p
dissemination after the surgery of ovarian cancer. a Axial T2-
weighted MR image shows a hypointense mass between the bladder
and the rectum (arrow), suspect of local recurrence. b Axial fused
PET/MR image demonstrates intense FDG uptake of the hyperintense
mass between the bladder and the rectum (arrow), suggesting local
recurrence. ¢ Axial PET/ceCT image shows focal FDG uptake in the
middle of the pelvis (arrow), suspect of bowel physiological uptake.
d Axial PET/IdCT image shows focal FDG uptake in the middle of
the pelvis (arrow), suspect of bowel physiological uptake. e Axial
diffusion weighted MR image shows abnormal intensity in the
location of pointed by a T2-weighted MR image (arrow). f Axial PET
image reveals abnormal FDG uptake in the pelvis (arrow). g Axial
T2-weighted MR image shows a hyperintense mass existing on the
intestinal wall (arrow), however this mass could not be detected by
readers. h Axial fused PET/MR image demonstrates intense FDG
uptake of a hyperintense mass existing on the intestinal wall (arrow),
suggesting peritoneal dissemination. i Axial PET/ceCT image reveals
intense FDG uptake of an enhanced mass existing on the intestinal
wall (arrow), suggesting peritoneal dissemination. j Axial PET/IdCT
image shows focal FDG uptake on the intestinal wall (arrow), suspect
of bowel physiological uptake. k Axial diffusion weighted MR image
shows abnormal intensity in the location of pointed by f T2-weighted
MR image (arrow). 1 Axial PET image reveals abnormal FDG uptake
in the left lower abdomen (arrow). b PET/MRI and a MRI showed
true true-positive finding of local recurrence, however ¢, d PET/CT
showed false-negative finding. b PET/MRI and i PET/ceCT showed
true true-positive findings of peritoneal dissemination, however,
f MRI and j PET/IdCT showed false-negative finding

detecting pelvic and para-aortic lymph node metastases
were 54.2 %, 92.7 % and 0.735 for fused PET/MRI, and
those figures were 44.1 %, 93.9 % and 0.690 for PET/CT.
They also reported a significant difference of ROC analysis
(p = 0.045); however, we suppose the inferiority of PET/
CT result may arise because contrast-enhanced medium
was not used in CT scan of PET/CT study. In our series of
PET/CT with contrast-enhanced medium, the difference
was not observed between fused PET/MRI and PET/ceCT.
"E.FDG PET is a functional method based on the
increased glucose metabolism of cancer cells, regardless of
node size, and PET/CT can often detect tiny metastatic LN
from 5 to 9 mm in size which could not be diagnosed by
MRI or CT [12]. In general, the sensitivity of diagnosing
lymph node metastases by PET/CT is higher than that of
CT or MRIL

Antonsen et al. [13] compared the primary tumor and
nodal staging of endometrial cancer between preoperative
contrast-enhanced PET/CT using '®F-FDG and contrast-
enhanced MRI. They demonstrated that in a study of 318
patients with FIGO stage IA-IVB endometrial cancer,
PET/ceCT and contrast-enhanced MRI were equal in pre-
dicting >50 % myometrial invasion, uterine serosa, cer-
vical involvement and lymph node metastases. The
sensitivity and specificity of detecting >50 % myometrial
invasion were 93 and 49 % for PET/CT and 87 and 57 %
for MRI. The sensitivity and specificity of detecting uterine
serosa invasion were 75 and 99 % for PET/CT and 67 and
96 % for MRI. The sensitivity and specificity of cervical
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involvement were 43 and 94 % for PET/CT and 33 and
95 % for MRI. The sensitivity and specificity of detecting
para-aortic and pelvic lymph node metastases were 74 and
93 % for PET/CT and 59 and 93 % for MRL

In this study, PET/MR images were generated from PET
and MR images obtained from different scanners and PET
and MR images were merged and registered manually on a
workstation. A drawback of the PET/MRI fusion images is
misregistration due to the movement of organs between the
PET and MRI studies. Pelvic organs may show little
respiratory movement, but urinary volume and location of
gas in the intestine, colon, and rectum may affect the
location of surrounding organs. Inline PET/MRI technol-
ogy may be expected to minimize these drawbacks of the
PET/MRI fusion strategy and generate better image quality
for fusion images (Fig. 3).

This study has several limitations. First, this was a ret-
rospective study. PET/CT was not performed in every case
of restaging gynecological cancer during the study period.
The application of PET/CT to only selected cases might
cause bias and influence the study results. The size of
patient sample was relatively small. Further prospective
and larger studies are needed. Second, the ideal gold
standard for any analysis would be histological confirma-
tion of the findings. However, clinical follow-up is a valid
way to evaluate diagnostic accuracy and response to ther-
apy, and it would have been unethical to investigate all
imaging-detected lesions using invasive procedures. Posi-
tive findings are easy to confirm, but negative findings only
mean that it is not possible to acquire positive findings
during the follow-up period, making it uncertain whether
the findings are truly negative. Therefore, sensitivity in this
series may have been overestimated. Third, pelvic MR
images but not whole-body MR images were used for PET/
MRI fusion images. Therefore, intra-pelvic status was
evaluated in our series. For a comparative study of diag-
nostic ability for distant metastasis, whole-body MRI is
needed for the fusion images.

Conclusion

Fused PET/MRI, combining the individual advantages of
MRI and PET, is a very useful modality for assessing intra-
pelvic recurrence of gynecological cancers. The combina-
tion of whole-body PET and MRI into single scanner is a
very promising diagnostic modality for oncological imag-
ing due to the missing radiation exposure and the high soft
tissue resolution of MRI in contrast to CT.
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