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Abstract
AIM: To investigate the use of multi-b -value diffusion-
weighted imaging in diagnosing pancreatic cancer.

METHODS: We retrospectively analyzed 33 cases of 
pancreatic cancer and 12 cases of benign pancreatic 
tumors at the Second Affiliated Hospital of Kunming 
Medical University from December 2008 to January 
2011. The demographic characteristics, clinical presen-
tation, routine magnetic resonance imaging and diffu-
sion weighted imaging (DWI) features with different b  
values were reviewed. Continuous data were expressed 
as mean ± SD. Comparisons between pancreatic can-
cer and benign pancreatic tumors were performed us-
ing the Student’s t  test. A probability of P  < 0.05 was 
considered statistically significant.

RESULTS: Thirty-three patients with pancreatic cancer 
were identified. The mean age at diagnosis was 60 ± 
5.6 years. The male: female ratio was 21:12. Twenty 
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cases were confirmed by surgical resection and 13 by 
biopsy of metastases. T1 weighted images demonstrat-
ed a pancreatic head mass in 16 patients, a pancreatic 
body mass in 10 cases, and a pancreatic tail mass 
with pancreatic atrophy in 7 cases. Eight patients had 
hepatic metastases, 13 had invasion or envelopment 
of mesenteric vessels, 4 had bone metastases, and 8 
had lymph node metastases. DWI demonstrated an 
irregular intense mass with unclear margins. Necrotic 
tissue demonstrated an uneven low signal. A b  of 1100 
s/mm2 was associated with a high intensity signal with 
poor anatomical delineation. A b  of 700 s/mm2 was 
associated with apparent diffusion coefficients (ADCs) 
that were useful in distinguishing benign and malignant 
pancreatic tumors (P  < 0.05). b  values of 50, 350, 400, 
450 and 1100 s/mm2 were associated with ADCs that 
did not differentiate the two tumors.

CONCLUSION: Low b  value images demonstrated 
superior anatomical details when compared to high 
b  value images. Tumor tissue definition was high and 
contrast with the surrounding tissues was good. DWI 
was useful in diagnosing pancreatic cancer.

© 2013 Baishideng. All rights reserved.
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Core tip: In this study, we retrospectively analyzed the 
conventional magnetic resonance imaging and diffusion 
weighted imaging (DWI) characteristics of 33 cases 
of pancreatic cancer using different b  values, and as-
sessed the value of the DWI examination in differenti-
ating pancreatic cancer from benign pancreatic tumors.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of  cancer-
related deaths[1] and accounts for 80% to 90% of  exocrine 
gland malignant tumors[2]. Most patients present without 
symptoms and have a median survival of  approximately 
6 months. There is an urgent need for early diagnosis and 
accurate assessment of  this disease. Magnetic resonance 
imaging (MRI) is a sensitive and specific imaging mo-
dality. MRI has been used to assess tumor macroscopic 
morphology, microscopic metabolism, and functional sta-
tus[3,4]. Diffusion weighted imaging (DWI) is an imaging 
technique that is sensitive to water diffusion in living tis-
sues. DWI was originally used to diagnose acute stroke[5,6]. 
DWI has also been used to diagnose liver, kidney, breast, 
prostate and uterine disease. DWI is frequently used to 
diagnose pancreatic diseases[7-10]. We retrospectively ana-
lyzed the conventional MRI and DWI characteristics of  
33 patients with pancreatic cancer and 12 with benign 
pancreatic tumors to evaluate the value of  DWI.

MATERIALS AND METHODS
Study patients 
Thirty-three patients with pancreatic cancer were hos-
pitalized at the Second Affiliated Hospital of  Kunming 
Medical University between December 2008 and January 
2011. Twenty patients had their diagnosis confirmed by 
pathological examination of  the resected specimen and 
13 by biopsy of  metastases. There were 21 male and 12 
female patients with an average age of  60 ± 5.6 years. 
Sixteen patients had a mass in the pancreatic head, 10 in 
the pancreatic body, and 7 in the pancreatic tail. Clinical 
symptoms included abdominal pain, abdominal discom-
fort, jaundice, abdominal mass, significant weight loss 
and loss of  appetite. Control cases with benign pancreatic 
tumors were confirmed by histopathology.

Imaging data
Imaging was performed using a Siemens Sonata 1.5 T su-
perconducting scanner with a body phased-array surface 
coil. A T1WI-FLASH sequence (repetition time, TR 124 
ms and echo time, TE 2.47 ms) and T2WI-HASTE se-
quence (TR 1000 ms and TE 93 ms) were used with 18-24 
layers, a thickness of  4-8 mm, spacing between 0 and 1.6 
mm, and a field of  view (FOV) of  240-280 mm × 300-380 
mm. The matrix was 320 × 256. Scan time was 13-18 s.

DWI scanning was performed using a SE-EPI se-
quence (TR 4000 ms, TE 85-95 ms, Matrix 128 × 128, 
FOV 230 mm × 230 mm, thickness 5 mm, spacing 
0.5 mm) with fat suppression, flow compensation and 
chemical shift saturation. The b value (apparent diffusion 
coefficient) was varied (50, 350, 400, 450, 700 and 1100 
s/mm2) to capture images. Slice selection was performed 

using frequency encoding and phase encoding in 3 direc-
tions. Images were processed using MR software. Scan 
time was 13-18 s.

Data analysis
The original DWI scanning data and automatically gener-
ated apparent diffusion coefficients (ADC) were trans-
ferred to the workstation. The value of  the ADC was 
measured from the ADC image of  each region of  inter-
est (ROI). Solid tumor ROIs were not less than half  of  
the lesion and located in the center of  the mass. Areas of  
necrosis, the main pancreatic duct, vascular branches and 
chemical shift artifacts were avoided. Three ADCs were 
measured from each ROI and averaged.

Statistical analysis
All statistical analyses were performed using SPSS, ver-
sion 17.0 for Windows. Continuous data were expressed 
as mean ± SD. The differences in ADC values of  pancre-
atic cancer and benign pancreatic tumors were evaluated 
using the Student’s t test. All reported P values were two-
sided. P < 0.05 was considered statistically significant.

RESULTS
Conventional MRI-T1W1
Sixteen patients had a pancreatic head mass, with a local or 
diffuse low intensity signal (Figure 1A). 10 had a pancre-
atic body mass with a low intensity signal (Figure 1B) and 
7 patients had a pancreatic tail mass with pancreatic atro-
phy. Eight patients had liver metastases, 13 demonstrated 
invasion into or enveloping local mesenteric vessels, 4 had 
bone metastases and 8 had lymph node metastases. 

DWI 
DWI demonstrated an uneven intense signal with mar-
gins that were not clearly delineated. The central necrotic 
tissue had an irregular low intensity signal. A low b value 
image provided better anatomical detail than a high b 
value image. Tumor tissue definition was high, and there 
was sharp contrast with the surrounding tissue (Figure 
2). A b of  1100 s/mm2 was associated with a high value 
signal and poor definition of  anatomic structures. A b of  
700 s/mm2 was associated with benign pancreatic tumors 
and pancreatic cancer ADCs that were significantly dif-
ferent (P < 0.05). The two tumor types had similar ADCs 
when b values of  50, 350, 400, 450 and 1100 s/mm2 were 
used for imaging (P > 0.05) (Table 1). 

DISCUSSION
Pancreatic cancer is one of  the most common malignant 
tumors of  the pancreas, accounting for approximately 
75%-90% of  tumors. It is the most common gastrointes-
tinal malignant tumor[10]. The retroperitoneal location and 
lack of  symptoms prevents early detection. Pancreatic 
cancers have a poor prognosis, with a five year survival 
of  only 1%-3%[11]. Patients are generally male and 40-70 
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years of  age. Only a minority of  patients are candidates 
for surgery at the time of  diagnosis[12].

The majority of  pancreatic cancers are adenocarcino-
mas. Ductal adenocarcinomas account for 85%-90% of  
pancreatic carcinomas and originate in the ductal epithe-
lium. Ductal adenocarcinomas are avascular solid tumors 
that are locally invasive. About 70% of  pancreatic cancers 
are located in the pancreatic head, neck and uncinate pro-
cess, 20% are located in the body of  the pancreas, and 
5%-10% are located in the tail of  the pancreas.

Abdominal imaging is used to diagnose pancreatic 
tumors, distinguish benign and malignant pancreatic tu-
mors, and evaluate the resectability of  pancreatic cancers 
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Figure 1  T1 weighted image. A: T1 weighted image. The margins were not sharp; B: T1 weighted image with contrast. There was obvious enhancement. Two nod-
ules in the right liver demonstrated ring enhancement.

Table 1  Evaluation of apparent diffusion coefficients in 
pancreatic cancer and benign pancreatic tumors using 
different b  values

b  (s/mm2) Apparent diffusion coefficients (10-3 s/mm2)

Benign pancreatic tumors Pancreatic cancer

50 2.273 ± 0.298 2.006 ± 0.194
350 1.705 ± 0.227 1.489 ± 0.306
400 1.590 ± 0.553 1.376 ± 0.276
450 1.544 ± 0.194 1.333 ± 0.218
700  1.519 ± 0.1251  1.118 ± 0.1021

1100 1.380 ± 0.249 1.085 ± 0.163

1Indicates statistically significant difference, P < 0.05.

A B

C D

Figure 2  Tumor tissue definition was high, and there was sharp contrast with the surrounding tissue. A: b = 50 s /mm2; B: b = 400 s /mm2; C: b = 700 s /mm2; D: 
b = 1100 s /mm2. A high intensity signal was seen.

Hao JG et al . DWI and pancreatic cancer



6654 October 21, 2013|Volume 19|Issue 39|WJG|www.wjgnet.com

ing pancreatic cancer.

COMMENTS
Background
Pancreatic cancer is the fourth leading cause of cancer-related deaths. Early 
detection, early diagnosis, and suitable treatment play an important role in 
extending patient survival. Diffusion weighted imaging (DWI) is a technically 
feasible measure to differentiate malignant from benign pancreatic lesions.
Research frontiers
DWI is a magnetic resonance imaging technique that can be used to evalu-
ate liver, kidney, breast, prostate and uterine tissue, and is especially useful in 
evaluating the upper abdomen.
Innovations and breakthroughs
The authors retrospectively analyzed the DWI characteristics of 33 cases of 
pancreatic cancer using multiple b values in order to identify the optimal b value 
for differentiating malignant from benign pancreatic lesions. 
Applications
The authors found that low b values provided superior anatomical details, a 
quality image, good tumor tissue definition, and good contrast with the sur-
rounding tissue.
Terminology
DWI is an imaging technique sensitive to water molecule diffusion. It can non-
invasively evaluate diffusion processes inside living cells.
Peer review
This is an interesting study with great promise. DWI appears useful in diagnos-
ing pancreatic cancer.
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