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Purpose: To determine the diagnostic performance of fluorine 18 fluo-
rodeoxyglucose (FDG) positron emission tomography (PET)/
magnetic resonance (MR) imaging in the preoperative assess-
ment of pancreatic cancer in comparison with that of FDG PET/
computed tomography (CT) plus contrast material–enhanced 
multidetector CT.

Materials and 
Methods:

This prospective study was approved by the institutional review 
board; written informed consent was obtained. Thirty-seven pa-
tients with 39 pancreatic tumors underwent preoperative FDG 
PET/MR imaging, PET/CT, and contrast-enhanced multidetector 
CT. The authors measured maximal and mean standardized up-
take values (SUVmax and SUVmean, respectively) of pancreatic can-
cer at PET/MR imaging and PET/CT. Two radiologists indepen-
dently reviewed the two imaging sets (set 1, PET/MR imaging; set 
2, PET/CT plus multidetector CT) to determine tumor resectability 
according to a five-point scale, N stage (N0 or N positive), and M 
stage (M0 or M1). With use of clinical-surgical-pathologic findings 
as the standard of reference (n = 20), diagnostic performances of 
the two imaging sets were compared by using the McNemar test.

Results: Both SUVmax and SUVmean of pancreatic tumors showed strong 
correlations between PET/MR imaging and PET/CT (r = 0.897 
and 0.890, respectively; P , .001). The diagnostic performance 
of PET/MR imaging was not significantly different from that of 
PET/CT plus multidetector CT in the assessment of tumor resect-
ability (area under the receiver operating characteristic curve: 
0.891 vs 0.776, respectively, for reviewer 1 [P = .109] and 0.859 
vs 0.797 for reviewer 2 [P = .561]), N stage (accuracy: 54% [seven 
of 13 patients] vs 31% [four of 13 patients]; P = .250 for both re-
viewers), and M stage (accuracy: 94% [16 of 17 patients] vs 88% 
[15 of 17 patients] for reviewer 1 [P . .999] and 94% [16 of 17 
patients] vs 82% [14 of 17 patients] for reviewer 2 [P = .500]).

Conclusion: FDG PET/MR imaging showed a diagnostic performance similar 
to that of PET/CT plus contrast-enhanced multidetector CT in 
the preoperative evaluation of the resectability and staging of 
pancreatic tumors.
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advantages over CT (15–20). For its use 
in pancreatic cancer, however, although 
a previous study has demonstrated the 
usefulness of PET/MR imaging in dif-
ferential diagnosis (21), the preopera-
tive role of PET/MR imaging for tumor 
staging and resectability of pancreatic 
tumors has not been reported. Thus, 
preliminary data on the differences in 
diagnostic performance between the 
two imaging systems would be useful 
for future power calculations in a main 
study comparing the performance of 
PET/MR imaging with that of the con-
ventional combination of PET/CT plus 
multidetector CT.

Therefore, the purpose of this study 
was to compare the diagnostic perfor-
mance of FDG PET/MR imaging in the 
preoperative assessment of pancreatic 
cancer with that of FDG PET/CT plus 
contrast-enhanced multidetector CT.

Materials and Methods

This prospective preliminary study was 
supported by a grant from the National 
R&D Program for Cancer Control, Min-
istry of Health & Welfare, Republic of 
Korea (grant 1120310). This study was 
approved by the institutional review 
board, and written informed consent 
was obtained from all participants.

validated imaging modality for the diag-
nosis and staging of pancreatic cancer 
(3,7). However, several studies have 
shown that contrast-enhanced mag-
netic resonance (MR) imaging with MR 
cholangiopancreatography can provide 
superior tumor conspicuity and similar 
diagnostic performance in evaluating 
the tumor resectability of pancreatic 
cancers compared with multidetector 
CT (8,9). Another modality that has 
shown potential is fluorine 18 fluoro-
deoxyglucose (FDG) positron emission 
tomography (PET)/CT, which has been 
reported to improve the detection of 
occult metastases when combined with 
contrast-enhanced CT in patients with 
locally resectable pancreatic cancer, 
ultimately sparing these patients from 
unnecessary surgery (10–12). Thus, 
at present, because of the different 
advantages of each imaging modal-
ity, multimodality imaging studies are 
being increasingly used in patients 
with pancreatic cancer at the cost of 
delayed surgical treatment for resect-
able diseases owing to this multistep 
process (3,7,13).

Recently, a whole-body integrated 
FDG PET/MR imaging system has be-
come available for clinical use. This 
system has many potential advantages 
over PET/CT, including inherently lower 
radiation exposure, higher soft-tissue 
contrast, and multiparametric imaging 
capabilities (14). Indeed, several recent 
studies have demonstrated that PET/
MR imaging can provide a diagnostic 
performance equivalent to or even bet-
ter than that of PET/CT for the staging 
of various kinds of oncologic diseases 
in such organs as the liver and in bone, 
where MR imaging can provide distinct 
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Advances in Knowledge

 n In the preoperative prediction of 
the tumor resectability of pancre-
atic cancer, fluorine 18 fluorode-
oxyglucose (FDG) PET/MR im-
aging was shown to be similar to 
PET/CT plus contrast material–
enhanced multidetector CT (area 
under the receiver operating 
characteristic curve: 0.891 vs 
0.776, respectively, for reviewer 
1 [P = .109] and 0.859 vs 0.797 
for reviewer 2 [P = .561]).

 n The accuracy of FDG PET/MR 
imaging for preoperative N and 
M staging in patients with pan-
creatic cancer was similar to 
that of PET/CT plus multidetec-
tor CT (accuracy for N staging: 
54% [seven of 13 patients] vs 
31% [four of 13 patients] for 
both reviewers [P = .250]; accu-
racy of M staging: 94% [16 of 
17 patients] vs 88% [15 of 17 
patients] for reviewer 1 [P . 
.999] and 94% [16 of 17 
patients] vs 82% [14 of 17 
patients] for reviewer 2  
[P = .500]).

 n Standardized uptake values 
(SUVs) of pancreatic tumors 
measured at FDG PET/MR im-
aging and PET/CT showed very 
strong correlations (maximal 
SUV: r = 0.897, P , .001; mean 
SUV: r = 0.890, P , .001).

Implication for Patient Care

 n FDG PET/MR imaging, as a one-
step whole-body imaging tool, 
can potentially serve as an alter-
native to FDG PET/CT plus mul-
tidetector CT in the preoperative 
assessment of resectability and 
staging of pancreatic cancer, 
thereby shortening the work-up 
period for the determination of 
the therapeutic strategy.

Pancreatic cancer is a highly lethal 
malignancy, with a 5-year survival 
rate of less than 5%, and is the 

fourth leading cause of cancer death 
in the United States and the eighth 
worldwide (1–4). In patients with this 
deadly cancer, assessment of the tu-
mor’s resectability, as well as accurate 
N staging and M staging, is of vital im-
portance in the determination of the 
most appropriate treatment plan (eg, 
surgical resection, neoadjuvant treat-
ment followed by surgery, or palliative 
treatment) and in the prediction of the 
patients’ prognosis (5,6).

Contrast material–enhanced mul-
tidetector computed tomography (CT) 
is the most commonly used and best- 
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weight). Between 50 and 90 minutes 
after the administration of FDG, acqui-
sitions of PET/MR imaging or PET/CT 
were started. In patients undergoing 
same-day PET/MR imaging and PET/
CT (n = 33), the two imaging studies 
(PET/CT first, followed by PET/MR 
imaging) were performed sequentially 
with an interval of less than 30 minutes 
after a single injection of the tracer. 
Conversely, in patients who underwent 
PET/MR imaging and PET/CT on dif-
ferent days (n = 4), each study was per-
formed after injection of the tracer on 
the study day.

PET/MR imaging protocol.—All 
FDG PET/MR imaging studies were 
performed with a combined whole-body 

included 28 patients who had also been 
enrolled in a prospective randomized 
phase II/III study titled “Neoadjuvant 
Chemoradiation in Patients with Bor-
derline Resectable Pancreatic Cancer 
Study” (NCT01458717). All patients 
underwent FDG PET/MR imaging, FDG 
PET/CT, and contrast-enhanced multi-
detector CT within 2 weeks (Fig 1).

Image Acquisition
Before PET/MR imaging or PET/CT, 
each patient was asked to fast for at 
least 6 hours. Then, serum glucose 
levels were checked to ensure they 
were less than 200 mg/dL and each pa-
tient received an intravenous injection 
of FDG (5.2 MBq per kilogram body 

Patients
From February 2013 to April 2014, 37 
consecutive patients (20 men and 17 
women; mean age 6 standard devi-
ation, 62.8 years 6 9.9) scheduled to 
undergo surgery for pancreatic cancer 
confirmed at histopathologic examina-
tion or suspected on the basis of mul-
tidetector CT findings were enrolled in 
this study. Among these 37 patients, 
35 patients were initially diagnosed as 
having pancreatic cancer, one patient 
had developed pancreatic cancer in the 
remnant pancreas after resection, and 
one patient had completed preopera-
tive concurrent chemotherapy and radi-
ation therapy for the known pancreatic 
cancer. Of note, our study population 

Figure 1

Figure 1: Flow diagram of the study population. MDCT = multidetector CT.
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set 2 followed by set 1. Image sets were 
read after an interval of 4 weeks and a 
reshuffling of the image review order to 
minimize recall bias.

Assessment of tumor conspicu-
ity.—With regard to the conspicuity of 
pancreatic tumors, the reviewers were 
asked to assign a confidence level on 
the basis of a five-point scale, as fol-
lows: 5, there was a clear tumor margin 
showing at least 90% of the tumor cir-
cumference; 4, there was a clear tumor 
margin showing 50%–90% of the tumor 
circumference; 3, there was a clear tu-
mor margin showing 10%–50% of the 
tumor circumference; 2, there was a 
clear tumor margin showing less than 
10% of the tumor circumference; and 
1, no visible tumor (22).

Assessment of tumor resectabil-
ity.—The reviewers were also asked to 
determine the resectability of pancre-
atic tumors on the basis of local tumor 
extent and the presence or absence of 
distant metastasis by using a five-point 
scale, as follows: 5, definitely resect-
able; 4, probably resectable; 3, indeter-
minate probability for resectability; 2, 
probably unresectable; and 1, definitely 
unresectable (Appendix E1 [online]) 
(23). If a patient had more than one 
suspected pancreatic tumor, the per-
patient tumor resectability was deter-
mined by using the lower scored lesion.

Determination of N stage.—At 
imaging assessment of per-patient N 
stage, positive lymph nodes were de-
termined on the basis of their size, vi-
sual assessment of PET images, and/or 
diffusion restriction. If the largest re-
gional lymph node was at least 8 mm 
in its shortest diameter and/or positive 
at visual assessment of PET scans, the 
patient would be considered as node 
positive; otherwise, patients were con-
sidered node negative. In addition, at 
PET/MR imaging, if any lymph nodes 
had higher signal intensity than muscle 
at diffusion-weighted (DW) imaging ac-
cording to b values of 400 or 800 sec/
mm2, the patient would be classified as 
node positive (24–26).

Determination of M stage.—At 
imaging assessment of per-patient M 
stage, M1 stage was assigned if there 
were lesions with a high suspicion for 

Contrast-enhanced multidetector 
CT.—CT images were obtained by using 
several kinds of multidetector CT scan-
ners: one 320-channel scanner (Aqui-
lion ONE, Toshiba Medical Systems, 
Tustin, Calif; n = 23), one 128-channel 
scanner (Ingenuity, Philips Healthcare, 
Amsterdam, the Netherlands; n = 6), 
two 64-channel scanners (Brilliance 64, 
Philips Medical Systems [n = 2], and 
Somatom Definition, Siemens Health-
care [n = 3]), and one 16-channel scan-
ner (Sensation 16, Siemens Healthcare; 
n = 1) at our institution and 64-channel 
scanners at the outside hospital (n = 2). 
Imaging parameters for the multidetec-
tor CT scanners at our institution are 
summarized in Table E2 (online). 

Measurement of Maximal and Mean 
Standardized Uptake Values in Pancreatic 
Tumors
Standardized uptake values (SUVs) 
were measured at PET/MR imaging 
and PET/CT by one nuclear medicine 
physician (S.J.L., with 4 years of ex-
perience in PET/CT imaging), who 
was provided information about the 
number and location of the pancreatic 
tumors for each patient. An isoactivity-
contoured volume of interest encircling 
the pancreatic tumor was drawn under 
the guidance of corresponding MR or 
CT images by setting the margin thresh-
old as 50% of maximal uptake. In this 
volume of interest, the maximal SUV  
(SUVmax) and mean SUV (SUVmean) of 
pancreatic tumors were measured.

Image Interpretation
All images were retrospectively reviewed 
in two sessions by two independent ab-
dominal radiologists (D.H.L. and E.S.L., 
with 10 and 9 years of experience in ab-
dominal CT and MR imaging and with 
3 years of experience in PET/MR imag-
ing) who were blinded to the clinical-
surgical-pathologic results except for 
the information that all patients were 
confirmed to have pancreatic cancer. 
In each session, one of two image sets 
(set 1, PET/MR imaging; set 2, PET/
CT plus contrast-enhanced multidetec-
tor CT) was reviewed. One radiologist 
reviewed image set 1 followed by set 2 
and the other radiologist reviewed image 

system (Biograph mMR; Siemens 
Healthcare, Erlangen, Germany) based 
on a 3.0-T MR imager capable of si-
multaneous acquisition of PET and 
MR images. Our PET/MR imaging pro-
tocol included two parts: (a) whole-
body PET/MR imaging and (b) dedi-
cated pancreatic MR imaging with MR  
cholangiopancreatography. Whole-body 
PET was performed from the brain to 
the midthigh, encompassing five bed po-
sitions (each bed position had an acqui-
sition time of approximately 3 minutes, 
coverage of 25.8 cm in length, and 6.1-
cm overlap between adjacent positions). 
Simultaneous MR imaging was conduct-
ed per bed, including Dixon-based co-
ronal two-point volumetric interpolated 
breath-hold examination for automatic 
correction of the PET attenuation and 
transverse half-Fourier acquisition sin-
gle-shot turbo spin-echo imaging. In 
addition, dedicated pancreatic MR im-
aging with MR cholangiopancreatogra-
phy (included sequences are in Table E1 
[online]) was performed with coverage 
from the liver dome to the third portion 
of the duodenum. The overall imaging 
time for PET/MR imaging was approxi-
mately 60 minutes for each patient.

PET/CT protocol.—FDG PET/CT 
studies were performed with one of two 
integrated scanners at our institution 
(Biograph mCT 64 or mCT 40, Siemens 
Healthcare; n = 34 and n = 2, respectively) 
or one integrated scanner at an outside 
hospital (Discovery 600, GE Healthcare, 
Chicago, Ill; n = 1). At our institution, CT 
images were obtained from the skull base 
to the midthigh by using 40 mAs and 
120 kVp (adjusted for body thickness) 
and reconstructed into image matrices 
of 512 3 512 for attenuation correction. 
No iodinated contrast material was used. 
After CT images were obtained, whole-
body PET was performed, encompass-
ing seven to nine bed positions (each 
bed position had an acquisition time of 
approximately 1 minute and a coverage 
of 21.6 cm in length). PET images were 
reconstructed into image matrices of 200 
3 200 iteratively by using ordered sub-
set expectation maximization (two iter-
ations, 21 subsets). The overall imaging 
time for PET/CT was approximately 10 
minutes for each patient.
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Mariakerke, Belgium). Two-tailed P , 
.05 was considered to indicate a statis-
tically significant difference.

Results

Clinical-Surgical-Pathologic Findings
Thirty-nine pancreatic tumors (two tu-
mors each were found in two patients; 
one tumor was found in 35 patients) 
were finally confirmed with histopath-
ologic evaluation by upfront or delayed 
surgical resection or endoscopic ultraso-
nographically guided biopsy. Among the 
37 patients, per-patient tumor resectabil-
ity was confirmed in 20 patients (resect-
able, n = 8; unresectable, n = 12). Tumor 
resectability could not be confirmed in 
17 patients: Thirteen patients had under-
gone neoadjuvant concurrent chemother-
apy and radiation therapy or chemother-
apy, two patients were lost to follow-up, 
and two patients had their surgeries can-
celed because of incidentally found lung 
cancer or acute pancreatitis (Fig 1).

N stage was confirmed with histo-
pathologic findings in 13 patients (node 
negative, n = 3; node positive, n = 10) 
who underwent surgical resection for 
pancreatic cancer, and M stage was con-
firmed in 17 patients (M0, n = 13; M1, n =  
4) by means of histopathologic reports 
(M0, n = 13; M1, n = 2) or imaging-
based diagnosis (M1, n = 2). For M 
stage, three patients who did not un-
dergo surgery because locally unresect-
able disease was diagnosed clinically 
were not included in the analysis (they 
lacked a standard of reference for dis-
tant metastases). The M1 stage results 
include one patient with peritoneal 
seeding found during surgery, one pa-
tient with hepatic metastases confirmed 
with laparoscopic biopsy, one patient 
with an imaging-based diagnosis of he-
patic metastases, and one patient with 
an imaging-based diagnosis of distant 
lymph node metastasis.

SUVs of Pancreatic Cancer: PET/MR 
Imaging versus PET/CT
The per-lesion pairwise comparison 
of SUVs at PET/MR imaging and PET/
CT showed that both the SUVmax and 
SUVmean of pancreatic tumors (n = 38) 

was performed at an outside hospital), 
SUVs for PET/CT were measured in 38 
pancreatic tumors in 36 patients; those 
for PET/MR imaging were measured in 
39 tumors in 37 patients. Therefore, 
per-lesion–based comparison of SUVs 
was performed for only 38 lesions. The 
correlation between SUVs with PET/
MR imaging and PET/CT was evaluated 
by using Pearson correlation coefficient 
analysis. The Pearson r was interpreted 
as follows: poor correlation, less than 
0.20; weak correlation, 0.20–0.39; 
moderate correlation, 0.40–0.59; 
strong correlation, 0.6–0.8; and very 
strong correlation, 0.80 or greater. 
Per-lesion tumor conspicuity (n = 39) 
on the PET/MR imaging set and on the 
PET/CT plus multidetector CT set was 
compared by using the paired t test. In-
terobserver agreements on per-patient 
tumor resectability, N stage, and M 
stage (n = 37) were analyzed by using 
k statistics and interpreted as follows: 
poor, less than 0.20; fair, 0.20–0.39; 
moderate, 0.40–0.59; substantial, 
0.60–0.79; and almost perfect, 0.80 or 
greater.

Diagnostic performances of each 
reviewer for per-patient resectability, N 
staging, and M staging were evaluated 
in patients by using standards of refer-
ence. Tumor resectability was evaluated 
with empirical receiver operating char-
acteristic curve analysis on the basis of 
a five-point confidence scale. The area 
under the receiver operating character-
istic curve was considered indicative of 
diagnostic performance, and areas un-
der the receiver operating characteris-
tic curve values of the two imaging sets 
were compared by using the z test. In 
addition, for examinations given scores 
of 4 or 5 (probably or definitely resect-
able), indicating an imaging diagnosis 
of resectable, the sensitivity, specificity, 
and accuracy of the imaging diagnosis 
were calculated. For tumor resectabil-
ity, N stage, M stage, sensitivity, spec-
ificity, and accuracy were compared 
between PET/MR imaging and PET/
CT plus multidetector CT by using the 
McNemar test. All statistical analyses 
were performed with a commercially 
available software package (Med-
Calc, version 15.8; MedCalc Software, 

distant metastases. At PET/MR imag-
ing, the presence of distant metastases 
was determined on the basis of routine 
MR sequences, high signal intensity at 
DW imaging with b values of 400 or 800 
sec/mm2, and positivity on PET scans 
at visual assessment. On the PET/CT 
plus multidetector CT set, positivity on 
multidetector CT and/or PET scans was 
used for the determination of M stage 
for each patient.

Clinical-Surgical-Pathologic Findings
The standard of reference for tumor 
resectability was based on surgical re-
cords, results of pathologic examina-
tion, and imaging-based decisions. In 
patients who underwent surgery within 
4 weeks after preoperative imaging, 
tumor resectability was assessed ac-
cording to surgical records and pathol-
ogy reports, as follows: R0 (no residual 
tumor) resection was defined as re-
sectable, and R1 (microscopic residual 
tumor) resection, R2 (macroscopic re-
sidual tumor) resection, no resection of 
the pancreatic mass owing to unresect-
ability confirmed during surgery, and 
presence of pathologically confirmed 
distant metastasis were defined as un-
resectable. In addition, if a patient had 
distant metastases and/or locally unre-
sectable cancer at preoperative imaging 
and did not undergo surgery on the ba-
sis of a multidisciplinary conference, he 
or she was regarded as having clinically 
confirmed unresectable disease. The 
standard of reference for N staging was 
determined by the pathologic findings 
in patients who underwent regional 
lymph node dissection. For M staging, 
the standard of reference of M0 was de-
termined with histopathologic results, 
whereas that of M1 was determined 
with histopathologic evaluation or im-
aging-based decisions made by means 
of a multidisciplinary conference.

Statistical Analysis
SUVs (SUVmax and SUVmean) of pancre-
atic tumors were compared on a per-
lesion basis between PET/MR imaging 
and PET/CT by using the paired t test 
assuming equal variances. Because the 
raw data from one PET/CT examination 
were not available (that examination 
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Figure 2

Figure 2: Graphs show correlations of (a) SUV
max

 and (b) SUV
mean

 of pancreatic cancers between FDG PET/MR imaging and 
FDG PET/CT. Solid and dotted lines represent linear regression line and 95% confidence interval (CI), respectively.

Table 1

SUVs of Pancreatic Tumors at PET/MR Imaging and PET/CT

Parameter and Imaging Modality SUV* Correlation Coefficient†

SUVmax 0.897
 PET/MR imaging 7.15 6 4.09 (2.35–21.77)
 PET/CT 11.89 6 6.69 (4.79–37.27)
  P value ,.001
SUVmean 0.890
 PET/MR imaging 4.80 6 2.90 (1.68–15.28)
 PET/CT 7.88 6 4.66 (2.85–25.91)
  P value ,.001

* Calculated with the paired t test. Data are means 6 standard deviations, with ranges in parentheses.
† Calculated with Pearson correlation coefficient analysis.

at PET/MR imaging were significantly 
lower than those at PET/CT (P , 
.001) (Table 1). However, those values 
showed very strong correlations be-
tween PET/MR imaging and PET/CT, 
with correlation coefficients of 0.897 
for SUVmax and 0.890 for SUVmean (P , 
.001) (Fig 2).

Conspicuity of Pancreatic Tumors: 
PET/MR Imaging versus PET/CT Plus 
Multidetector CT
All 39 pancreatic tumors were detected 
on both imaging sets and received a tu-
mor conspicuity score of 2 or greater 
by both reviewers. For both reviewers, 
tumor conspicuity was slightly bet-
ter at PET/MR imaging than at PET/
CT; however, there was no statistically 

significant difference (score: 3.49 6 
0.79 vs 3.23 6 0.74, respectively, for 
reviewer 1 [P = .096] and 3.64 6 0.99 
vs 3.36 6 1.01 for reviewer 2 [P = 
.094]) (Fig 3).

Assessment of Tumor Resectability and N 
and M Staging: PET/MR Imaging versus 
PET/CT Plus Multidetector CT
Interobserver agreement.—In the 37 
patients in our study population, the 
PET/MR imaging set showed moder-
ate interobserver agreement with re-
gard to tumor resectability (weighted 
k = 0.459; 95% CI: 0.268, 0.651) and 
substantial agreement with regard to N 
stage (k = 0.682; 95% CI: 0.461, 0.903) 
and M stage (k = 0.611; 95% CI: 0.279, 
0.943). The PET/CT plus multidetector 

CT set showed moderate interobserver 
agreement with regard to tumor re-
sectability (weighted k = 0.413; 95% 
CI: 0.210, 0.615), N stage (k = 0.554; 
95% CI: 0.368, 0.879), and M stage (k 
= 0.528; 95% CI: 0.060, 0.995).

Tumor resectability (n = 20).—For 
the evaluation of per-patient tumor re-
sectability, there were no significant 
differences in the areas under the re-
ceiver operating characteristic curve 
between the PET/MR imaging set and 
the PET/CT plus multidetector CT set 
(0.891 vs 0.776 for reviewer 1 [P = 
.109] and 0.859 vs 0.797 for reviewer 
2 [P = .561]) (Table 2, Fig 2). When 
scores of 4 and 5 (ie, probably or def-
initely resectable) were categorized as 
indicating an imaging diagnosis of tu-
mor resectability, the PET/MR imaging 
set and PET/CT plus multidetector CT 
set showed accuracies of 85% (17 of 
20 patients) versus 75% (15 of 20 pa-
tients), respectively, for reviewer 1 and 
80% (16 of 20 patients) versus 65% (13 
of 20 patients) for reviewer 2, without a 
significant difference between imaging 
sets (P = .500 and .375, respectively) 
(Table 2).

N staging (n = 13).—Diagnostic 
accuracies were not significantly dif-
ferent between the two image sets for 
both reviewers (54% [seven of 13 pa-
tients] with PET/MR imaging vs 31% 
[four of 13 patients] with PET/CT plus 
multidetector CT; P = .250) (Table 3). 
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difference in the assessment of the 
tumor resectability, N stage, and M 
stage of pancreatic tumors compared 
with the widely used combination of 
FDG PET/CT plus contrast-enhanced 
multidetector CT. In addition, the SU-
Vmax and SUVmean of pancreatic cancers 
showed strong correlations between 
PET/MR imaging and PET/CT. Al-
though this study is only exploratory, 
with a small number of patients, the 
findings suggest that PET/MR imaging, 
as a “one-stop-shop” examination, may 
be a potential alternative tool for the 
preoperative evaluation of pancreatic 
cancer, leading to improvement in cre-
ating a more efficient work-up flow. In-
deed, according to a recent study (27), 
the negative predictive value of multide-
tector CT in the preoperative diagnosis 
of distant metastatic disease in patients 
with pancreatic cancer significantly de-
creased after 4 weeks because the tu-
mor can metastasize during the interval 
between multidetector CT and surgery. 
Therefore, PET/MR imaging may play a 
valuable role by shortening the work-up 
period of suspected pancreatic tumors, 
avoiding conversion from resectable 
status to unresectable status because 
of the aggressive biologic character of 
pancreatic tumors.

In patients with pancreatic cancer, 
achievement of a margin-negative resec-
tion is the main treatment goal; thus, 
preoperative assessment of tumor re-
sectability is crucial (28). In our study, 
the diagnostic performance of PET/MR 

respectively, for both reviewers, with-
out a statistically significant difference 
(Table 3). Missed diagnoses of distant 
metastases occurred in one patient 
with peritoneal seeding that was missed 
by both reviewers on both imaging sets 
and one patient with liver metasta-
ses identified at PET/MR imaging but 
missed at PET/CT plus multidetector 
CT by both reviewers (Fig 5).

Discussion

In this prospective study, we demon-
strated that FDG PET/MR imaging 
showed similar diagnostic perfor-
mance without a statistically significant 

In the depiction of any regional lymph 
node metastasis per patient, PET/MR 
imaging showed higher sensitivity than 
PET/CT plus multidetector CT (40% 
[four of 10 patients] vs 10% [one of 
10 patients], respectively, for both re-
viewers), although there were no statis-
tically significant differences (P = .250) 
(Fig 4). In addition, both imaging sets 
showed high specificity (100% [three of 
three patients]) for N staging for both 
reviewers.

M staging (n = 17).—For M staging, 
the PET/MR imaging set and PET/CT 
plus multidetector CT set demonstrated 
sensitivities of 75% (three of four pa-
tients) and 50% (two of four patients), 

Figure 3

Figure 3: Images of pancreatic ductal adenocarcinoma in 62-year-old man. (a) Venous phase PET/MR 
image shows hypointense mass in uncinate process of pancreas abutting superior mesenteric artery (arrow). 
(b) Pancreatic phase multidetector CT image shows mass abutting superior mesenteric artery (arrow). This 
patient underwent R1 resection because of tumor invasion of superior mesenteric artery. Note that tumor 
conspicuity is higher at MR imaging (a) than multidetector CT (b) (arrowhead).

Table 2

Diagnostic Performance of PET/MR Imaging and PET/CT Plus Multidetector CT in the Assessment of Tumor Resectability

Reviewer and Modality A
z
* Sensitivity (%)† Specificity (%)† Accuracy (%)†

Reviewer 1
 PET/MR imaging 0.891 (0.671, 0.984) 62 (5/8) 100 (12/12) 85 (17/20)
 PET/CT + MDCT 0.776 (0.537, 0.929) 62 (5/8) 83 (10/12) 75 (15/20)
  P value .109 NA .500 .500
Reviewer 2
 PET/MR imaging 0.859 (0.632, 0.972) 87 (7/8) 75 (9/12) 80 (16/20)
 PET/CT + MDCT 0.797 (0.560, 0.941) 75 (6/8) 58 (7/12) 65 (13/20)
  P value .561 ..999 .625 .375

Note.—MDCT = multidetector CT, NA = not assessable.

* Az = area under the receiver operating characteristic curve. Data were calculated with the z test. Numbers in parentheses are 95% CIs.
† Calculated with the McNemar test. Numbers in parentheses are numbers of patients.
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Table 3

Diagnostic Performances of PET/MR Imaging and PET/CT Plus Multidetector CT in the 
Assessment of N and M Stage

Reviewer and  
Modality

N Staging (%) M Staging (%) 

Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy 

Reviewer 1
 PET/MR imaging 40.0 (4/10) 100 (3/3) 54 (7/13) 75 (3/4) 100 (13/13) 94 (16/17)
 PET/CT + MDCT 10.0 (1/10) 100 (3/3) 31 (4/13) 50 (2/4) 100 (13/13) 88 (15/17)
  P value .250 NA .250 ..999 NA ..999
Reviewer 2
 PET/MR imaging 40.0 (4/10) 100 (3/3) 54 (7/13) 75 (3/4) 100 (13/13) 94 (16/17)
 PET/CT + MDCT 10.0 (1/10) 100 (3/3) 31 (4/13) 50 (3/4) 92 (12/13) 82 (14/17)
  P value .250 NA .250 ..999 ..999 .500

Note.—P values were calculated by using the McNemar test. Data in parentheses are numbers of patients used to calculate 
percentages. MDCT = multidetector CT, NA = not assessable

Figure 4

Figure 4: Images of histopathologically confirmed pancreatic cancer in 58-year-old man. (a) Venous phase 
MR image shows several small lymph nodes (arrows) along common hepatic artery. (b) DW image (b = 
800 sec/mm2) shows lymph nodes with restricted diffusion (arrows). Both reviewers interpreted this patient 
as being node positive on PET/MR imaging set. (c) Multidetector CT scan shows that these lymph nodes 
(arrows) are small, with a short diameter of less than 8 mm. (d) PET/CT scan shows that lymph nodes do not 
show hypermetabolism. Therefore, this patient’s findings were interpreted as node negative on PET/CT plus 
multidetector CT set. Histopathologic results revealed this patient to be node positive.

imaging in terms of tumor resectabil-
ity was comparable with that of PET/
CT plus multidetector CT. These results 
are in good agreement with those of 
previous studies and can be explained 
by the similar individual performance 
of MR imaging and multidetector CT in 
the evaluation of the presence and/or 
extent of vascular involvement of pan-
creatic tumors (8). Considering that 
our study population included many pa-
tients with borderline resectable pan-
creatic tumors, our study performance 
may actually have been underestimated. 
However, because borderline resect-
able pancreatic tumors are a challeng-
ing problem in terms of determining 
resectability, our results showing a 
similar performance between PET/MR 
imaging and PET/CT plus multidetector 
CT would be meaningful. In addition, 
the tumor conspicuity on imaging stud-
ies is also important for the differential 
diagnosis between pancreatic cancer 
and benign strictures of the pancre-
atic duct, as well as in the detection of 
pancreatic cancers at its early stage, 
which can lead to curative resection 
and a better prognosis (29). Although 
our preliminary study failed to demon-
strate a significant difference between 
PET/MR imaging and multidetector CT 
plus PET/CT in the assessment of the 
conspicuity of pancreatic tumors, previ-
ous studies have demonstrated that the 
addition of DW imaging to MR imaging 
improves the assessment of pancreatic 
tumor conspicuity compared with mul-
tidetector CT (8,22).

Precise assessment of lymph node 
metastases in patients with pancreatic 
cancer is an important factor in the ac-
curate prediction of a patient’s progno-
sis (30). Thus, PET/MR imaging, which 
provides anatomic information, as well 
as PET and DW imaging, can be useful 
in the detection and characterization of 
lymph nodes. However, in our study, 
which used imaging criteria such as 
size, PET positivity, and DW imaging 
positivity for N staging, both imaging 
sets showed low sensitivities, albeit 
with high specificities. Size-based as-
sessment of lymph nodes has a limita-
tion because reactive lymph nodes can 
be enlarged and small lymph nodes can 



Radiology: Volume 282: Number 1—January 2017 n radiology.rsna.org 157

GASTROINTESTINAL IMAGING: Preoperative Assessment of Pancreatic Cancer Joo et al

is in good agreement with findings of 
previous studies on various lesions as 
well as normal structures (37,38). The 
differences in SUVs between PET/MR 
imaging and PET/CT can be mainly 
attributed to the differences in MR 
imaging–based and CT-based attenu-
ation correction techniques (20). Yet, 
although most of our study population 
underwent PET/CT immediately fol-
lowed by PET/MR imaging, changes 
in SUV with time between the two im-
aging studies could not be completely 
avoided; such changes may have af-
fected the lower SUV at PET/MR im-
aging compared with PET/CT. Because 
the major role of PET imaging in the 
initial staging would be in the detection 
of small distant metastases, PET/MR 
imaging may be used as an alternative 
to PET/CT in patients with pancreatic 

be superior to contrast-enhanced mul-
tidetector CT in the detection of me-
tastases in the liver (the most common 
site of distant metastasis from pancre-
atic cancer [33,34]), and that the PET 
imaging performance of PET/MR imag-
ing would be similar to that of PET/CT 
(20,35,36), future studies with a larger 
population are warranted. Further-
more, because both PET/MR imaging 
and PET/CT have shown limited perfor-
mance in the detection of lung metasta-
ses, CT of the chest may be additionally 
required in the preoperative work-up of 
pancreatic tumors (20).

Finally, our results revealed strong 
correlations between SUVs of pancre-
atic tumors at PET/MR imaging and 
PET/CT, although PET/MR imaging 
resulted in underestimated SUVs in 
comparison with PET/CT. This result 

have micrometastases (31). In addition, 
PET has been reported to show limited 
performance in the detection of lymph 
node metastases, especially in small 
lesions (32). With the addition of DW 
imaging information, however, PET/MR 
imaging may increase the sensitivity for 
lymph node metastases, as shown in 
our study (40.0% [four of 10 patients] 
with PET/MR imaging vs 10.0% [one of 
10 patients] with PET/CT plus multide-
tector CT). This additional role of DW 
imaging in N staging has also been re-
ported for other malignancies (25,31).

As for M staging, diagnostic per-
formance did not significantly differ 
between PET/MR imaging and PET/
CT plus multidetector CT in our study. 
However, when we consider the results 
of previous studies that suggested that 
MR imaging with DW imaging would 

Figure 5

Figure 5: Histopathologically confirmed pancreatic cancer in 28-year-old man. (a) Venous phase MR image shows a small hypointense nodular lesion in segment 
VII of liver (arrow). (b) DW image (b = 800 sec/mm2) shows nodule with restricted diffusion (arrow). (c) Corresponding PET/MR imaging fusion image shows nod-
ule does not show hypermetabolism. (d) Venous phase multidetector CT image shows nodule as a hypoattenuating lesion (arrow). (e) PET/CT fusion image shows 
that there was no hypermetabolic lesion in liver. Both reviewers interpreted this patient as having stage M1 disease on PET/MR imaging set but stage M0 disease 
on PET/CT plus multidetector CT set. This patient was confirmed as having stage M1 disease at laparoscopic biopsy of hepatic surface nodule.
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