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• TARGET AUDIENCE – Researchers in the field of pancreatic cancer.   

• PURPOSE – To correlate diffusion weighted imaging (DWI) and apparent diffusion coefficient (ADC) values of pancreatic ductal adenocarcinoma 
(PDAC) with clinicopathological features and overall survival (OS). 

• METHODS – Retrospective analysis of 3T DWI-MRI was performed in 42 patients (26 men, 16 women; mean age 65.9 years, range 53-82 years) 
with a potentially resectable tumour in the pancreas on CT from January 2012 to April 2014. DWI-MRI was performed with three b-values (0 or 50, 
500, 800 s/mm2). Signal intensity of the tumour on the DWI images was qualitatively analyzed as hyper- iso- or hypointense compared to 
surrounding pancreas parenchyma1. ADC maps were quantitatively analyzed with a ROI encircling the entire tumor in each imaging slice. A single 
observer repeated all measurements to assess intra-reader reproducibility. The slice with the lowest mean ADC value was correlated with 
clinicopathological features and OS. Histopathology results were obtained from surgical resection (n=11), biopsy of the primary tumour (n=5), 
cytological punction of the primary tumour (n=9), biopsy of metastasis (n=10) and brush of the pancreatic duct or the common bile duct (n=4). Three 
patients were clinically highly suspected of having PDAC (symptoms, elevated Ca19.9 levels and imaging follow up), however histopathology 
results were not available. Whole mount slices of the tumor were obtained from 10 resection specimens and graded according to Adsay2, who uses a 
major and minor pattern of glandular differentiation, in analogy to Gleason3. Pearson’s correlation coefficient was used to measure correlations 
between ADC values, clinicopathological features and OS. A paired samples t-test was conducted to compare ADC values of PDAC and 
noncancerous parenchyma. Intraclass correlation coefficient was used to assess intra-reader reproducibility. Values of P <0.05 were considered 
statistically significant.  
 
• RESULTS –There was a significant difference (p=0,001) between the average ADC value of PDAC (1165 μm2/s +/- 201; n=42) and noncancerous 
parenchyma ( 1341 μm2/s +/-239; n=21). Due to atrophy of the pancreatic parenchyma it was not possible to draw a ROI in noncancerous 
parenchyma in 21 patients. Intra-reader reproducibility was excellent (ICC 0.981 (CI: 0.974-0.986)). There was no significant correlation between 
mean ADC-values of PDAC, DWI-patterns, tumour stage, grade (Klöppel), size, presence of metastases or OS. There was no significant correlation 
between Adsay’s tumour grade and  tumour stage or size. However, we found a nearly significant correlation between Adsay’s tumour grade and 
mean ADC (p=0,063). 
 
• DISCUSSION – In accordance with literature we found no significant correlation between ADC values and clinicopathological features and overall 
survival. Although it concerned a small group of 10 whole mount specimens, we found a strong negative, almost significant correlation between 
ADC values and Adsay’s tumour grade (p=0,063). Adsay’s grading system is solely based on glandular formation2 , giving rise to the hypothesis that 
ADC value is somehow associated with glandular formation. It may be  that cancer cells forming atypical glandular structures surrounded by fibrotic 
tissue provide more structural cellular limitations to diffusion than does diffuse fibrosis with fewer glandular cells4 or tumours with well 
differentiated glandular structures. Poorly differentiated ductal adenocarcinoma characteristically shows limited to no glandular formation. In 
contrast, well and moderately differentiated adenocarcinomas contain neoplastic tubular and duct like structures with or without mucinous secretions, 
which may account for the freedom of diffusion of water molecules and high ADC values.5 This hypothesis is supported by the fact that one of the 
tumours showed an exceptionally high mean ADC. This was a large duct type tumour characterized by well differentiated large glands filled with 
mucin. One poorly differentiated tumour showed exceptionally low mean ADC values and displayed a very aggressive character with extensive 
metastasis and short survival. Like prostatic adenocarcinomas, PDAC are heterogeneous, which is better reflected by Adsay’s than by Klöppel’s 
grading system. In prostate cancer, the ADC value shows a good correlation with Gleason score and it is therefore used to non-invasively predict 
tumour aggressiveness. This study suggests this might be possible for Adsay in PDAC as well. Further research in a larger study population  is 
warranted to prove the value of Adsay’s grading system in relation with ADC values.  
 
• CONCLUSION –We found no significant correlation between ADC values and clinicopathological features and OS. The strong, nearly significant, 
negative correlation between ADC values and Adsay tumour grade indicate that ADC and Adsay’s tumour grade are potentially suitable to determine 
tumour aggressiveness in PDAC in a similar way as ADC and Gleason score are used in prostate cancer. 
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