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[ Abstract] Background and purpose: The increased accumulation of hyaluronan correlates with cancer aggressiveness and
chemoresistance. Evaluating hyaluronan content may provide information to individualized management in patients with pancreatic
cancer. As an image analysis approach, texture analysis could predict tumor phenotype based on quantitative features in a non-
invasive manner. This study aimed to investigate the value of CT texture analysis in evaluating hyaluronan content of pancreatic
cancer. Methods: Patients with pancreatic ductal adenocarcinoma confirmed by pathology after surgery were retrospectively enrolled
in Fudan University Shanghai Cancer Center from Jun. 2015 to Dec. 2015. All patients underwent CT examination before resection.
According to hyaluronan staining in immunohistochemistry, patients were divided into high and low hyaluronan group. Clinical
characteristics were compared between them. On portal venous CT images, region of interest (ROI) was manually segmented to
encompass whole tumor by 3D-slicer. The pyradiomics package based on Python was used to extract 56 texture features. The inter-

class correlation coefficient was used to assess the reproducibility of texture features. The Mann-Whitney U test was applied to select
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valuable features exhibiting significant difference between two groups. Stepwise logistic regression was applied to develop a model

discriminating high/low hyaluronan tumor. The diagnostic power was assessed by receiver operating characteristic (ROC) curve

analysis. Results: There were 13 patients in low hyaluronan group and 17 patients in high hyaluronan group. There was no significant

difference in clinical characteristics between two groups. Four texture features (Volume, LeastAxis, Skewness, Energy) exhibited

significant difference between two groups. Eventually, Skewness was selected into logistic regression by two-sided stepwise method.

The area under curve of model was 0.738, with a specificity and sensitivity of 69.2% and 76.5% respectively. Conclusion: CT-based

texture analysis is valuable in evaluating hyaluronan content of pancreatic cancer.
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Fig. 1 CT and pathological images of the patients

A-C: Derived from the same PDAC patient whose lesion was located in pancreatic head with hyaluronan content more than 75%; D-F: Derived from
the same PDAC patient whose lesion was located in pancreatic head with hyaluronan content less than 25%
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Tab. 1 Clinical characteristics of PDAC patients with different hyaluronan content

Hyaluronan content

Characteristic P value
Low-HA group (n=13) High-HA group (n=17)

Gender 1.000
Male 7 10
Female 6 7

Age median (range)/year 60 (53-63) 66 (55-70) 0.327

Location 0.713
Head/neck 6 10
Body/tail 7 7

Differentiation 1.000
Poor 5 6
Well/moderate 8 11

T stage 0.056
T,-T, 7 3
T5-Ty 6 14

N stage 1.000
N, 5 6
N-N, 8 11

M stage 0.613
M, 12 14
M, 1 3

LVI 1.000
Negative 10 13
Positive 3 4

PNI 1.000
Negative 2 2
Positive 11 15

Margin 0.104
Negative 12 11
Positive 1 6

CA19-9 cp/(mmol-L ") 156.7 (72.8-242.6) 200.4 (75.5-500.1) 0.615

LVI: Lymphovascular invasion; PNI: Perineural invasion
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Tab. 2 Texture features in PDAC patients with different tumor hyaluronan content

Hyaluronan content

Mann-Whitney U

Texture features P value
Low-HA group (N=13) High-HA group (N=17) value
Volume 5149.00 (3 418.00-8 156.00) 7 827.00 (5 872.00-13 413.00) 63.0 0.048"
MajorAxis 24.40 (23.02-29.67) 29.26 (25.08-36.24) 71.0 0.103
LeastAxis 15.30 (12.93-17.32) 18.89 (16.61-21.30) 50.0 0.010"
Maximum2DDiameterColumn 26.63 (24.70-33.96) 30.87 (27.00-37.58) 73.5 0.127
SmallDependenceLowGrayLevelEmphasis 0.00 (0.00-0.00) 0.00 (0.00-0.00) 137.0 0.281
Skewness 0.09 (0.02-0.20) 0.01 ( - 0.07-0.05) 163.0 0.028"
Energy 8339.13 (5 049.78-12 454.22) 11 870.40 (9 462.38-25 085.52) 63.0 0.048"
RobustMeanAbsoluteDeviation 0.03 (0.03-0.03) 0.03 (0.03-0.03) 102.0 0.742
Maximum 1.45 (1.40-1.50) 1.50 (1.41-1.56) 87.0 0.341
RootMeanSquared 1.24 (1.21-1.27) 1.23 (1.20-1.34) 97.0 0.592
X90Percentile 1.30 (1.26-1.35) 1.30 (1.26-1.42) 95.0 0.536
Minimum 1.01 (0.98-1.09) 1.04 (0.96-1.09) 110.0 1.000
Range 0.41 (0.40-0.42) 0.43 (0.40-0.47) 94.0 0.509
Variance 0.00 (0.00-0.00) 0.00 (0.00-0.00) 101.0 0.711
X10Percentile 1.19 (1.13-1.21) 1.17 (1.14-1.27) 98.0 0.621
Kurtosis 3.06 (2.96-3.14) 3.12(2.98-3.23) 94.0 0.509
RunVariance 21.60 (15.01-27.11) 26.89 (23.86-41.59) 64.0 0.053
ShortRunHighGrayLevelEmphasis 0.22(0.20-0.23) 0.22 (0.21-0.25) 101.0 0.711

P value was derived from Mann-Whitney U test; *: P<0.05

. Low-HA group
. High-HA group
0.6
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Specificity

2 i#itlogisticZ & E A, FRL&I%EREH SkewnesstEARMEHE, HEMNS. (REPRBKR S =EMNRIRERENERE

Fig.2 Skewness was selected as the best feature in discriminating PDAC patients with high and low hyaluronan content by logistic stepwise

regression
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