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Background: In addition to contrast-enhanced multiphase computed tomography (CT) and magnetic 
resonance imaging (MRI), integrated positron emission tomography (PET)/magnetic resonance (MR) is 
increasingly being used for the preoperative evaluation of pancreatic cancer. The purpose of this study was to 
explore the value of hybrid 18F-fluorodeoxyglucose (18F-FDG) PET/MR imaging in preoperative assessment 
and treatment decision-making. 
Methods: A retrospective data collection (of imaging, clinical, and pathological information) was conducted 
on patients who underwent 18F-FDG PET/MR with clinically diagnosed or suspected pancreatic cancer from 
March 2018 to March 2022 in Ruijin Hospital. The data of 76 patients were initially included, with 1 of the 
76 patients eventually being excluded due to a misdiagnosis of inflammatory disease. Of the 75 patients, 38 
underwent pancreatic tumor resection and 10 underwent laparoscopic exploration. The accuracy of 18F-FDG 
PET/MR for pancreatic cancer staging and the assessment of pancreatic resectability was evaluated based on 
pathological results, intraoperative findings, and documented final clinical stages of illness. The adjustments 
to patient treatment plans were also analyzed before and after 18F-FDG PET/MR examination. 
Results: The accuracy of clinical tumor node metastasis (TNM) staging of pancreatic cancer by 18F-FDG 
PET/MR was 73.3% (55/75). The area under the curve (AUC) of 18F-FDG PET/MR for diagnosing the 
advanced stage (III–IV) versus the nonadvanced stage (I–II) of disease was 0.922 [95% confidence interval 
(CI): 0.852–0.993]. The treatment regimen of 20.0% (15/75) of patients was impacted. The accuracy of the 
evaluation of the resectability of pancreatic cancer with 18F-FDG PET/MR was 91.9% (34/37). With the 
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Introduction

In recent years, the global incidence of pancreatic cancer 
has been increasing. It is recognized as a highly malignant 
tumor, ranking fourth in the United States (1) and sixth in 
China (2) in terms of malignant tumor-related mortality. 
In addition, the early diagnosis of pancreatic ductal 
adenocarcinoma is difficult, and surgical resection is still the 
only way to potentially cure it. Nevertheless, more than half 
of patients have missed the opportunity for radical surgery 
when they first seek medical advice; hence, it is essential 
for patients to have a precise assessment before surgery. 
According to imaging results, nonmetastatic tumors are 
divided into 3 categories to personalize therapeutic decision-
making: resectable, borderline resectable, and unresectable. 
Patients with borderline resectable tumors may have 
the opportunity for radical surgery with a successful 
downstaging of disease through neoadjuvant therapy (3,4). 
Comprehensive multidisciplinary treatment is the preferred 
therapeutic schedule for patients with locally advanced 
disease and distant metastases, and accurate preoperative 
assessment is particularly significant when treating 
pancreatic ductal adenocarcinoma. Dynamic contrast-
enhanced multiphase thin slice computed tomography 
(CT) or magnetic resonance imaging (MRI) is the 
standard imaging examination for the initial diagnosis and 
preoperative staging of pancreatic cancer. For patients with 
high-risk tumors, 18F-flurodeoxyglucose (18F-FDG) positron 
emission tomography (PET)/CT is recommended (3).  
It is difficult to detect isodense pancreatic cancer and 
differentiate some small hepatic lesions with CT, while MRI 
can perform a supplementary function (5,6). Furthermore, 
CT and MRI play a limited role in restaging pancreatic 
cancer after treatment (7). 18F-FDG PET/CT demonstrates 

obvious superiority in detecting extrapancreatic metastases 
and evaluating tumor burden but has a limited role 
in primary tumor staging. 18F-FDG PET/magnetic 
resonance (MR) has the combined advantages of whole-
body examination with 18F-FDG PET and high soft-
tissue resolution with MRI; hence, it has potential value in 
malignant tumor staging (8-10). 18F-FDG PET/MR has not 
been used in clinical practice for very long; therefore, its 
value in the preoperative evaluation of pancreatic cancer has 
not been fully assessed (11). This study aimed to explore the 
value of a preoperative assessment using hybrid 18F-FDG 
PET/MR whole-body imaging of pancreatic cancer patients 
with surgical intent. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-731/rc).

Methods

Patients

This is a retrospective cohort study. Data collection (of 
imaging, clinical, and pathological information) was 
conducted from April 2022 to June 2022 from patients 
who underwent 18F-FDG PET/MR with clinically 
diagnosed or suspected pancreatic cancer from March 
2018 to March 2022 at Ruijin Hospital. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The Institutional Ethics Committee 
of Ruijin Hospital approved this study, and individual 
consent for this retrospective analysis was waived. The 
following inclusion criteria were applied: (I) patients 
with either clinically diagnosed or suspected pancreatic 
cancer according to available clinical information or 

surgical and pathological results being used as a reference, the overall accuracy of preoperative 18F-FDG 
PET/MR for T staging was 62.2%, and the AUC for diagnosing T4 versus T1–3 was 0.872 (95% CI: 0.660–
1.000). 
Conclusions: 18F-FDG PET/MR performs well in diagnosing advanced pancreatic cancer and thus may 
impact the treatment decisions for a considerable number of patients. 18F-FDG PET/MR has a high level of 
accuracy in evaluating the resectability of pancreatic cancer before surgery.
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imaging examination and (II) patients who had undergone 
integrated whole-body 18F-FDG PET MR imaging before 
surgery. 

The exclusion criteria for the analysis were the following: 
(I) patients with no definite pathological diagnosis obtained 
within 30 days after 18F-FDG PET/MR examination  
(16 cases), (II) patients with pathological diagnosis or clinical 
consideration of nonpancreatic ductal adenocarcinoma 
(PDAC) disease (14 cases), and (III) patients with a previous 
diagnosis of other malignant tumors (1 case). 

From March 2018 to March 2022, 107 patients 
conformed to the inclusion criteria, while 31 patients were 
excluded from the study based on the exclusion criteria. 
Among those excluded, 16 patients did not obtain a definite 
pathological diagnosis within 30 days after the 18F-FDG 
PET/MR examination, 14 patients were diagnosed with 
non-PDAC disease (including 1 duodenal papillary 
carcinoma, 1 duodenal adenocarcinoma, 1 squamous 
cell carcinoma, 1 non-Hodgkin lymphoma, 2 small cell 
neuroendocrine carcinomas, 7 pancreatic neuroendocrine 
tumors, and 1 immunoglobin G4–related autoimmune 
pancreatitis), and 1 patient was diagnosed with thyroid 
cancer before being diagnosed with pancreatic cancer 
(Figure 1). The included patients were followed up through 
outpatient or inpatient visits and by regular imaging 
appointments from May 2018 to May 2022. 

PET/MR protocol

All 18F-FDG PET/MR imaging was performed on a 
Biograph mMR scanner (Siemens Healthineers, Erlangen, 
Germany). Patients fasted for at least 6 hours before the 
examination to control their blood glucose which was 
checked with a fingertip stick before administration of 
18F-FDG via injection. The injection dose of 18F-FDG was 
5.6±1.1 mCi (3.5–9.4 mCi). Integrated PET/MR imaging 
was performed in 5 bed positions (acquisition time, 4 min/bed  
position) with a 60–90 min delay between injection and 
scanning. In 59 patients, an additional local abdominal scan 
was performed after whole-body scanning (1 bed position, 
15 min/bed position). 

A simultaneous, whole-body MRI was acquired, 
including transverse T2-weighed imaging (T2WI) using 
half-Fourier acquisition single-shot turbo spin-echo 
(HASTE) sequences, T1-weighted imaging (T1WI) using 
Dixon-type (in-phase, out-of-phase, water-only phase, fat-
only phase) sequences, diffusion-weighted imaging (DWI), 
and apparent diffusion coefficient (ADC)–calculated 
imaging (b=50,800). T2WI with water-suppression 
and dark-fluid turbo spin-echo (TSE) scanning was 
also performed on the heads of the patients. Additional 
local abdominal MR scanning was performed, including 
transverse T2WI with fat suppression (T2WI-fs), DWI 

Patients diagnosed as or suspicious of PC (n=107)

No histological or cytological diagnosis (n=16)

With known secondary cancer (n=1)

Non-PDAC malignancy (n=14)

Patients enrolled (n=76)

Biopsy under EUS/CT/US (n=23)

Delayed operations (n=5)

Patients had surgery in time (n=48)

Laparoscopic explorations (n=10)

Patients had 
pancreatectomy (n=38)

Positive surgical margin (n=1)Misdiagnosed (n=1)

Figure 1 Patient flowchart. PC, pancreatic cancer; PDAC, pancreatic ductal adenocarcinoma; EUS, endoscopy ultrasound; CT, computed 
tomography; US, ultrasound.
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and ADC-calculated imaging (b=50,800), coronal T2WI-
fs and T2W HASTE imaging, transverse T1WI with fat 
suppression (T1WI-fs) volumetric interpolated breath-hold 
examination (VIBE) imaging conducted before and after 
dynamic contrast-enhanced (DCE) imaging, and coronal 
T1WI-fs with contrast-enhanced imaging. Transverse 
contrast-enhanced T1WI-fs VIBE images were acquired 
throughout the body, and transverse T1WI-fs TSE 
was obtained in the brain. Among all of the patients, 62 
underwent a dynamic contrast-enhanced MR (DCEMR) 
scan. Further details regarding the PET and MRI imaging 
acquisition parameters are displayed in the supplementary 
materials (Tables S1,S2).

Image interpretation

The PET/MR image analysis was performed on a 
professional workstation (Syngo.via; Siemens Healthineers). 
The diagnosis and staging were jointly completed on 
the PET/MR images by a junior nuclear medicine 
doctor, a senior nuclear medicine doctor, and a senior 
radiologist. The stage of pancreatic cancer was based 
on the American Joint Committee on Cancer (AJCC) 
tumor–node–metastasis (TNM) staging system (eighth 
edition) and the 2021 National Comprehensive Cancer 
Network (NCCN) guidelines (3). The 18F-FDG PET/MR 
staging methodology for primary pancreatic cancer was 
applied as follows: the maximum diameter of a lesion was 
measured on the MRI images. The first choice of images 
was T1WI-fs images in the pancreatic parenchymal phase, 
supplemented by contrast-enhanced coronal T1WI-fs or 
T2WI-fs images. Cases without enhanced scanning were 
measured on transverse T1WI-fs images, and lesions with 
isointensity on T1WI were measured on T2WI images. 
ADC measurements were applied to the largest levels 
of each lesion, with blood vessels and cystic areas being 
avoided. Metabolic parameters were measured on whole-
body PET images. The metabolic tumor volume (MTV) 
calculation was based on 40% of the maximum standardized 
uptake value (SUVmax) of the lesion as the threshold to 
automatically extract the volume of interest. The total 
lesion glycolysis (TLG) was calculated as the product of 
the MTV multiplied by the SUVmean. With PET/MR, the 
following diagnostic criteria for positive lymph nodes were 
applied: increased 18F-FDG uptake in lymph nodes (SUVmax 
>2.5), enlarged lymph nodes (short diameter >0.8 cm), or 
lymph nodes with inhomogeneous enhancement. With 
PET/MR, the following diagnostic criteria for a distant 

metastasis were applied: hypermetabolic lesions in PET 
images with abnormal signals in MR images; however, these 
did not meet the diagnosis of well-known benign lesions. 
The clinical TNM (cTNM) staging and assessment of 
the resectability of pancreatic cancer of the patients were 
evaluated according to the 18F-FDG PET/MR findings.

The data relevant to this study were gathered by 
interrogating the hospital information system for patient 
demographic characteristics, serum tumor markers, 
clinical diagnoses and treatment plans before 18F-FDG 
PET/MR, multidisciplinary team (MDT) discussions 
and recommendations, staging after 18F-FDG PET/MR, 
therapeutic strategy, operation dates, intraoperative findings, 
and pathological diagnoses. The criteria for resectability 
in our center are based on the NCCN guidelines 2021 (3).  
Decisions about resectability status were made in consensus 
at multidisciplinary discussions. A patient was defined as 
resectable when there was no arterial tumor contact [on 
the celiac axis (CA), superior mesenteric artery (SMA), or 
common hepatic artery (CHA)] and no tumor contact with 
the superior mesenteric vein (SMV) or portal vein (PV), 
or ≤180° tumor contact without vein contour irregularity. 
The patient was defined as unresectable when there was 
solid tumor contact of >180° with the SMA or CA, aortic 
involvement, or unreconstructible SMV or PV due to tumor 
involvement or occlusion (by tumor or bland thrombus). 
Patients who did not meet either resectable or unresectable 
criteria were defined as borderline resectable according 
to the 2021 NCCN guidelines (3). A stage T4 tumor was 
diagnosed according to the considerations of the preoperative 
MDT, intraoperative findings of vascular invasion, and 
histopathological results. The pathological results of lesions 
outside the operation area were obtained by a biopsy to meet 
the needs of staging and treatment decisions. Patients with 
distant metastatic lesions without a pathological diagnosis 
were confirmed by other imaging examinations at the same 
period or by follow-up imaging performed within 3 months. 
The accuracy of 18F-FDG PET/MR in staging pancreatic 
cancer and assessing surgical resectability was evaluated 
based on the pathological results, intraoperative findings, and 
documented final clinical stages of illness. The adjustment 
of patient treatment plans was also analyzed before and after 
18F-FDG PET/MR examinations.

Statistical analysis

All analyses were carried out using the SPSS v. 23 software 
(IBM Corp., Armonk, NY, USA). The quantitative 

https://cdn.amegroups.cn/static/public/QIMS-22-731-Supplementary.pdf
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parameters which conformed to the normal distribution are 
expressed by mean ± standard deviation, and the others are 
described by median (interquartile range). The qualitative 
characteristics are described by count and percentage. The 
difference of the normally distributed quantitative parameters 
was compared by the independent samples t-test, while 
others were compared by the Mann-Whitney test. The 
qualitative characteristics were compared by the chi-squared 
test and Fisher exact test. For all statistical tests, a 2-tailed P 
value <0.05 was considered to be statistically significant. 

Results

A total of 47 males and 29 females were finally included in this 

study, with an average age of 61±10 years (range, 32–84 years).  
A summary of the clinical and imaging characteristics of 
the 76 pancreatic cancer patients is displayed in Table 1. Of 
the 76 patients, 53 had undergone surgery, and 5 of these 
patients were excluded from the evaluation of resectability 
and pathological staging because the period of time between 
their operation and the PET/MR examination was more 
than 30 days. For the other 48 patients, the average interval 
between the PET/MR examination and surgery was 4 days 
(range, 3–7 days). Of these 48 patients, 38 underwent 
pancreatic tumor resection (including 1 patient with a 
positive margin) and 10 (9 patients with distant metastasis 
and 1 patient with locally advanced diseases) underwent 
laparoscopic exploration. Among the 23 patients who did 

Table 1 Clinical and 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography/magnetic resonance (PET/MR) features of 76 cases of  
pancreatic adenocarcinoma at different stages

Feature All 76 cases
Clinical stage  
(I–II, 32 cases)

Clinical stage  
(III–IV, 44 cases)

P value (statistical value)* 

Age (year), mean ± SD (range) 61±10 (32–84) 63±12 60±9 0.158 (t=1.426)

Gender, male/female 47/29 23/9 24/20 0.343 (χ2=3.446)

Body weight (kg), median (IQR) 60 (69–55) 63 60 0.397 (U=623.5)

BMI, mean ± SD (range) 22.4±3.3 (15.2–30.8) 22.5±3.4 22.2±3.2 0.698 (t=0.390)

Blood glucose (mmol/L), median (IQR) 6.4 (7.6–5.9) 6.4 6.5 0.490 (U=638.5)

CA19–9 (U/mL), median (IQR) 104.7 (413.4–22.9) 74.5 158.7 0.256 (U=582.0)

CA125 (U/mL), median (IQR) 16.15 (39.0–8.5) 14.4 23.5 0.051 (U=493.5)

CEA (ng/mL), median (IQR) 3.20 (6.5–1.80) 2.27 3.66 0.154 (U=541.5)

Location 0.030 (χ2=12.423)

Head, n (%) 29 (38.2) 16 (21.1) 13 (17.1)

Body and tail, n (%) 41 (53.9) 14 (18.4) 26 (34.2)

Multiple, n (%) 6 (7.9) 1 (1.3) 5 (6.6)

Size (cm), median (IQR) 3.5 (4.7–2.9) 3.2 3.9 0.002 (U=394.0)

SUVmax, median (IQR) 6.6 (9.3–4.6) 5.0 7.5 0.039 (U=507.5)

SUVpeak, median (IQR) 5.1 (6.9–3.5) 4.2 5.6 0.008 (U=453.0)

SUVmean, median (IQR) 3.7 (5.1–2.6) 2.9 4.4 0.049 (U=517.0)

MTV (cm3), median (IQR) 12.9 (25.5–7.7) 8.0 17.0 0.002 (U=4 14.0)

TLG, median (IQR) 64.9 (88.5–26.1) 28.4 75.9 <0.001 (U=344.0)

ADCmin (103 mm2/s), mean ± SD 1.02±0.23 1.08±0.22 0.99±0.24 0.104 (t=1.467)

ADC mean (103 mm2/s), mean ± SD 1.33±0.23 1.36±0.23 1.32±0.24 0.470 (t=0.726)

*, comparisons between clinical stage I–II versus III–IV. IQR, interquartile range; BMI, body mass index; SD, stand deviation; CA19–9, 
cancer antigen 19–9; CA125, cancer antigen 125; CEA, carcinoembryonic antigen; SUV, standardized uptake value; max, maximum; MTV, 
metabolic tumor volume; TLG, total lesion glycolysis; ADC, apparent diffusion coefficient; min, minimum; U, Mann-Whitney U test.
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not have an operation, 16 cases had distant metastasis and 7 
cases had locally advanced diseases (Figure 1).

One of the 38 patients with pancreatectomy was 
misdiagnosed as  having inf lammatory disease by 
preoperative PET/MR, and the tumor staging and 
resectability were not evaluated in the PET/MR report. 
The pathological diagnosis was, in fact, pancreatic colloid 
carcinoma after radical subtotal pancreatectomy. Based 
on the results of pathology and final clinical staging, the 
accuracy of 18F-FDG PET/MR for cTNM staging (stages 
I, II, III, and IV) of pancreatic cancer was 73.3% (55/75; 
Table 2). The area under the curve (AUC) of 18F-FDG 
PET/MR for diagnosing advanced stage (III–IV) versus 
nonadvanced stage (I–II) pancreatic cancer was 0.922 [95% 
confidence interval (CI): 0.852–0.993] while the accuracy 
for diagnosing a distant metastasis of pancreatic cancer was 
94.7% (71/75). Patients in the advanced stages of disease 
had the following characteristics compared to those in the 
nonadvanced stages: lesions in the pancreatic body and tail 
or involving multiple sections of the pancreas (P=0.030), 
larger tumor (P=0.002), higher SUVs (including SUVmax, 
P=0.039; SUVpeak, P=0.008; and SUVmean, P=0.049), 
higher MTV (P=0.002), and higher TLG (P<0.001; Table 1).  
There were no significant statistical differences in the 
following characteristics between advanced patients and 
nonadvanced patients: sex (P=0.343), age (P=0.158), weight 
(P=0.397), BMI (P=0.698), blood glucose (P=0.490), 
cancer antigen (CA) 19–9 (P=0.256), CA 125 (P=0.051), 
carcinoembryonic antigen (CEA; P=0.154), and ADC values 
(ADCmin,  P=0.104; ADCmean, P=0.470) of the lesions 
(Table 1). 

The treatment regimen of 20.0% (15/75) of patients was 
impacted by 18F-FDG PET/MR. Among the 15 patients,  
8 switched from surgery to neoadjuvant chemotherapy 
because 7 were diagnosed with locally advanced stage of 

disease and 1 was diagnosed with borderline resectable 
disease at preoperative assessment. Of the 8 patients 
mentioned above, 2 received radical surgery and neoadjuvant 
therapy following their tumor downstaging (Figures 2,3). Of 
the 15 patients mentioned above, 5 had distant metastasis, 1 
had borderline resectable pancreatic cancer, and all 6 of these 
patients underwent laparoscopic exploration and biopsy. 
One patient achieved tumor downstaging after neoadjuvant 
chemotherapy and underwent local treatment of the single 
liver metastasis followed by radical surgery. 

The accuracy of 18F-FDG PET/MR in evaluating the 
resectability of pancreatic cancer was 91.9% (34/37; Table 3).  
There were 14 cases of borderline resectable tumors in 
this study, 2 of whom were judged to be resectable before 
the operation. Of these 2 cases, 1 underwent hepatic 
artery suture and the other underwent partial resection 
of the PV during the operation. There were 21 cases of 
resectable tumors. One case was considered borderline 
resectable before the operation and underwent radical 
distal pancreatectomy. Preoperative PET/MR showed 
tumor tissue contact with the left side of the celiac trunk. 
The preoperative judgment of the 2 cases with locally 
advanced tumors was consistent with the intraoperative 
findings. With the surgical and pathological results taken as 
a reference, the overall accuracy of preoperative 18F-FDG 
PET/MR in T staging (T1, T2, T3, T4) was 62.2%, the 
AUC for diagnosing T4 and T1–3 stages were 0.872 (95% 
CI: 0.660–1.000), and the accuracy for N staging (N0 and 
N1–2) was 56.8% (21/37; Table 4). 

Discussion

This study found that the performance of 18F-FDG PET/
MR in the overall staging of a primary tumor (T1, T2, T3, 
and T4) and the AJCC prognostic groups (I, II, III, IV) was 
poor. The accuracy of 18F-FDG PET/MR in distinguishing 
between resectable and nonresectable pancreatic cancer 
(including locally advanced tumor and distant metastasis) 
was high. The 18F-FDG PET/MR features of pancreatic 
cancer showed significant differences between stages III–IV 
and I–II, with the former having larger lesions and higher 
FDG uptake. The results proved that 18F-FDG PET could 
reveal the metabolic activity and burden of the tumor. 
18F-FDG PET has advantages in detecting or excluding 
distant metastatic lesions, so it is recommended in clinical 
practice for patients with large primary lesions, suspected 
regional lymphadenopathy, and significantly high CA19–9 
levels (3). The results of our study are similar to those of 

Table 2 Performance of preoperative staging with 18F-FDG PET/
MR for 75 cases of pancreatic adenocarcinoma

Preoperative 18F-FDG 
PET/MR stage

Clinical stage

I II III IV

I 12 13 3 0

II 0 4 1 0

III 0 2 12 1

IV 0 0 0 27
18F-FDG PET/MR, 18F-fluorodeoxyglucose positron emission 
tomography/magnetic resonance.
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Figure 2 A 72-year-old male with pancreatic ductal adenocarcinoma in the body and tail. (A) Whole-body PET image (maximum intensity 
projection). (B) Axial image of PET. (C) Fusion image of PET with T2WI with FS. (D) T2WI-FS. (E) Diffusion-weighted imaging. (F) 
Contrast-enhanced T1-weighted imaging with fat suppression on pancreatic parenchymal phase at the level of the tumor. (G) Contrast-
enhanced computed tomography image on arterial phase at the level of tumor (on the same day). A large (8.0 cm) hypovascular tumor 
with slight hypermetabolism (maximum value of standard uptake 4.2) in the body and tail of the pancreas (slim red arrow). Slightly 
hypermetabolic soft tissue was seen in the bifurcation of the celiac trunk (gross red arrowhead). PET, positron emission tomography; T2WI, 
T2-weighted imaging; FS, fat suppression.

A B C D

E F G

Bifurcation of 
celiac trunk

A B C D

E F G

Figure 3 The same patient as seen in Figure 2 after neoadjuvant chemotherapy (75 days after the first PET/MR). (A) Whole-body PET 
image (maximum intensity projection). (B) Axial image of PET. (C) Fusion image of PET with T2WI with FS. (D) T2WI-FS. (E) Diffusion-
weighted imaging. (F) Contrast-enhanced T1-weighted imaging with fat suppression on pancreatic parenchymal phase at the level of the 
tumor. (G) An intraoperative photograph showed the celiac trunk and common hepatic artery after the splenic artery was dissected. The 
cancer had shrunk and had a slightly reduced metabolism (maximum value of standard uptake 3.9; slim red arrow), and the soft tissue in the 
bifurcation of the celiac trunk had disappeared. The patient underwent a radical distal pancreatectomy after neoadjuvant chemotherapy (G). 
The pathological diagnosis was moderate to poorly differentiated pancreatic ductal adenocarcinoma with tumor regression grade 2. PET, 
positron emission tomography; MR, magnetic resonance; T2WI, T2-weighted imaging; FS, fat suppression.
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Table 3 Resectability performance of preoperative assessment with 18F-FDG PET/MR for 37 cases of surgically removed pancreatic 
adenocarcinoma

Preoperative 18F-FDG PET/MR  
assessment

Surgical/pathological result
Sum

Resectable Borderline resectable Locally advanced

Resectable 20 2 0 22

Borderline resectable 1 12 0 13

Locally advanced 0 0 2 2

Sum 21 14 2
18F-FDG PET/MR, 18F-fluorodeoxyglucose positron emission tomography/magnetic resonance.

Table 4 Preoperative 18F-FDG PET/MR assessment versus pathological TNM stage of 37 surgically treated pancreatic adenocarcinoma patients

Preoperative 18F-FDG PET/
MR assessment

Pathological result

Primary tumor stage Regional lymph node Stage

T1 T2 T3 T4 Sum N0 N1–2 Sum I II III IV Sum

T1 3 4 0 0 7

T2 3 12 4 0 19

T3 0 2 5 0 7

T4 0 1 0 3 4

Sum 6 19 9 3

N0 17 12 29

N1-2 0 4 4

Uncertain 1 3 4

Sum 18 19 –

Stage

I 12 13 1 0 26

II 0 3 1 0 4

III 0 1 3 0 4

IV 0 0 0 3 3

Sum 12 17 5 3
18F-FDG PET/MR, 18F-fluorodeoxyglucose positron emission tomography/magnetic resonance; T, primary tumor; N0, no regional lymph 
node metastasis; N1–2, metastasis in the regional lymph node.

previous studies (12,13), in that higher stages of pancreatic 
cancer tended to have higher MTV and TLG values 
and thus a higher tumor burden and poorer prognosis. 
18F-FDG PET/MR examination may show extrapancreatic 
metastases that cannot be discovered by conventional CT 
or MRI (14), and this information can be used to inform 
patient’s treatment plans, accordingly (e.g., by avoiding 
open surgery). For patients who cannot be operated on 

but undergo radiotherapy and chemotherapy, the effect of 
treatment can be monitored early (e.g., through changes in 
glucose metabolism) to provide information to support the 
timely adjustment of therapeutic options and the selection 
of more effective treatment methods (15,16). About one-
fifth of the patients in this study had their initial treatment 
scheme adjusted after 18F-FDG PET/MR examination, 
and this result was similar to those reported in previous 
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studies (11). Furtado et al. (17) even reported that a 
higher proportion (49%) of patients changed their clinical 
treatment plans after PET/MRI, which was higher than that 
for other routine imaging examinations in the same period. 
The reason behind this difference in results could be the 
difference in the proportion of stage III–IV patients in the 
studies; the previous study had a higher proportion than our 
study (86.5% vs. 58.7%, respectively).

In this study, the accuracy of 18F-FDG PET/MR for 
the resectability of pancreatic cancer was 91.9%, which is 
close to that in previous studies (18). Studies have shown 
that surgeons have high consistency in the judgment of 
locally advanced disease but relatively low consistency for 
the borderline resectable status, which can be affected by 
subjective factors (19).

18F-FDG PET/MR has a low sensitivity to regional 
lymph node metastasis of pancreatic cancer, a considerable 
number of metastatic lymph nodes being peritumor lymph 
nodes. These lymph nodes are usually not obviously 
enlarged; therefore, it is difficult to determine whether 
they are metastatic or not with preoperative imaging. 
The diagnostic accuracy for this study’s N stage (N0 and 
N1-2) was 56.8%, which is similar to previous studies 
(18,20). We also found that stage II and stage III are easily 
underestimated. The overall accuracy for AJCC prognostic 
groups consequently decreased due to the low sensitivity of 
N staging. 

There are some limitations to our study. First, PET/
MR has limitations in diagnosing of atypical pancreatic 
adenocarcinoma, such as colloid carcinoma. The lesion 
of colloid carcinoma is mainly composed of extracellular 
mucin, with low FDG metabolism and low enhancement. In 
this study, 1 of 76 pancreatic patients with adenocarcinoma 
was misdiagnosed as having inflammatory disease. Even 
though 18F-FDG PET/MR has a high diagnostic accuracy 
in the clinical staging of PDAC, the probability of not 
diagnosing PDAC is about 1.3%. Second, this study 
employed a single-center, retrospective design with a small 
number of cases. We expect our results can be confirmed in 
large-sample, prospective studies in the future. Third, some 
patients with advanced tumors, mainly stage IV patients 
with distant metastasis, did not undergo local scanning 
or DCE scanning. Finally, not all distant metastases were 
diagnosed pathologically; other imaging examinations in 
the same period or follow-up data were available as the 
reference standard.

Conclusions

18F-FDG PET/MR performs well in diagnosing advanced 
pancreatic cancer and impacts the treatment decisions of a 
considerable number of patients. 18F-FDG PET/MR has 
high accuracy in evaluating the resectability of pancreatic 
cancer before surgery and can provide comprehensive 
information for high-risk patients, helping to make a 
personalized treatment plan.
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Supplementary

Table S1 MRI sequences and acquisition parameters

Sequence

Coronal 
T1WI-fs 

VIBE

Whole body Abdominal

Axial T2WI 
(HASTE)

Axial DWI-fs
Axial T1WI 

DOXON

Coronal 
T2WI 

(HASTE)

Coronal 
T2WI-TSE-

fs

Axial T2WI-
TSE-fs

Axial DWI-fs
Axial  

T1WI-fs 
VIBE

Repetition time/echo time 
(ms)

1400/108 5400/49 4.00/
(1.23/2.46)

1400/95 2200/93 2200/93 5670/53 4.56/2.01 3.16/1.1

Flip angle 90° 90° 9° 154° 120° 120° 90° 9° 9°

Acquisition type, scanning 
sequence

2D-SE 2D-EP 3D-GR 2D-SE 2D-SE 2D-SE 2D-EP 3D-GR 3D-GR

In-plane resolution (mm) 1.30×1.30 1.60×1.60 0.70×0.70 1.5×1.5 1.3×1.3 1.3×1.3 1.7×1.7 1.2×1.2 1.4×1.4

Number of sections 132 132 120 35–25 25 30 28 72

Section thickness (mm) 6 6 3.1 5 6 6 5 3 1.8

b value (s/mm2) – 50, 800 – – – – 50, 800 – –

Number of averages 1 2 1 1 1 1 4 1

T2WI, T2-weighted imaging; HASTE, half-Fourier acquisition single-shot fast spin-echo; DWI, diffusion-weighted imaging, fs, fat saturation 
or fat suppression; TSE, turbo spin-echo; 2D, 2-dimensional; SE, spin-echo; 3D, 3-dimensional; GR, gradient-recalled; EP, echo-planar; 
VIBE, volumetric interpolated breath-hold examination

Table S2 Parameters of PET imaging

Reconstruction algorithm Iterations Subset Filter FWHM Matrix

Whole body OSEM+PSF 2 21 Gaussian 2 mm 172

Abdominal OSEM+PSF 4 21 Gaussian 4 mm 172

OSEM, ordered subset expectation maximization; PSF, point spread function; FWHM, full width at half maximum.


