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Abstract

Objectives—To measure the reproducibility of radiomic features in pancreatic parenchyma and 

ductal adenocarcinomas (PDAC) in patients who underwent consecutive contrast enhanced 

computed tomography (CECT) scans.

Methods—In this IRB-approved and HIPAA-compliant retrospective study, 37 pairs of scans 

from 37 unique patients who underwent CECTs within a two-week interval were included in the 
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analysis of the reproducibility of features derived from pancreatic parenchyma, and a subset of 18 

pairs of scans were further analyzed for the reproducibility of features derived from PDAC. In 

each patient, pancreatic parenchyma and pancreatic tumor (when present) were manually 

segmented by two radiologists independently. A total of 266 radiomic features were extracted 

from the pancreatic parenchyma and tumor region, and also the volume and diameter of the tumor. 

The concordance correlation coefficient (CCC) was calculated to assess feature reproducibility for 

each patient in 3 scenarios: 1) different radiologists, same CECT, 2) same radiologist, different 

CECTs, and 3) different radiologists, different CECTs.

Results—Among pancreatic parenchyma-derived features, using a threshold of CCC > 0.90, 

58/266 (21.8%) and 48/266 (18.1%) features met the threshold for scenario 1, 14/266 (5.3%) and 

15/266 (5.6%) for scenario 2, and 14/266 (5.3%) and 10/266 (3.8%) for scenario 3. Among 

pancreatic tumor-derived features, 11/268 (4.1%) and 17/268 (6.3%) features for scenario 1, 1/268 

(0.4%) and 5/268 (1.9%) features for scenario 2, and no features for scenario 3 met the threshold, 

respectively.

Conclusions—Variations between CECT scans affected radiomic feature reproducibility to a 

greater extent than variation in segmentation. A smaller number of pancreatic tumor-derived 

radiomic features were reproducible compared with pancreatic parenchyma-derived radiomic 

features under the same conditions.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer death in the United States with an 

overall five-year survival of 8% [1]. The outcomes of patients with pancreatic cancer have 

not improved significantly during the past three decades [2]. Although surgical resection is 

the only potentially curative therapy for pancreatic cancer, patients who undergo curative-

intent resection have a five‑year survival rate of only 15–20% [2]. There has thus been great 

interest in developing novel biomarkers to better stratify patients with pancreatic cancers for 

personalized treatment decisions and consequently improve survival outcomes.

Radiomics involves the high-throughput extraction of quantitative imaging features from 

medical images and has the potential to yield imaging biomarkers that enable precision 

diagnosis and treatment [3–5]. The potential of radiomics in pancreatic cancers have been 

shown in various studies for the evaluation of resectability, treatment response, and 

prognosis [6–11]. To ensure the successful application of these radiomic biomarkers, there is 

a further need to investigate radiomic feature reproducibility [12–15], a key step in the 

development of clinically relevant radiomics algorithms [16, 17].

Previous studies in lung cancer as well as head and neck cancers have shown that various 

factors, e.g., acquisition and reconstruction parameters as well as inter-reader variability in 

segmentation, can degrade radiomic feature reproducibility [18, 19]. However, the 

reproducibility of radiomic features extracted from contrast-enhanced computed tomography 
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(CECT) of the pancreas remains unknown. Thus, the aim of our study was to investigate the 

reproducibility of radiomic features in pancreatic parenchyma and pancreatic ductal 

adenocarcinomas (PDAC) in patients who underwent consecutive CECT scans within a two-

week period.

Materials and Methods

Patients

This HIPAA-compliant retrospective study was approved by the Institutional Review Board, 

and the need for patient informed consent was waived. Figure 1 shows the patient flowchart 

for this study. A cohort of eligible patients was identified through a database query for 

patients with a diagnosis code of pancreatic malignancy between June 2009 and October 

2015. This patient population was narrowed to include all consecutive patients who 

underwent two CECT scans within an interval of two weeks, with available Digital Imaging 

and Communications in Medicine (DICOM) images on Picture Archiving and Computer 

System (Centricity PACS, GE Healthcare), with CECT obtained during the portal venous 

phase, and with slice reconstruction thickness of 5 mm or less. To achieve a clean test-retest 

dataset to study radiomic feature reproducibility in the pancreatic parenchyma, we included 

the following exclusion criteria: (1) any systemic or loco-regional treatment (i.e., 

chemotherapy, surgical procedure, and radiation therapy) directed to the tumor during the 

time interval between the two consecutive CECTs or within one month preceding the first 

CT and (2) non-evaluable CECTs (e.g., with imaging artifacts over the pancreatic 

parenchyma or the tumor). According to these inclusion and exclusion criteria, the study 

cohort consisted of 37 pairs of scans from 37 unique patients in the analysis of the 

reproducibility of radiomic features derived from the pancreatic parenchyma. To identify a 

subset of patients to study radiomic feature reproducibility in the pancreatic tumor, we 

applied the following additional exclusion criteria: (1) not a PDAC as confirmed by 

electronic medical record review, and (2) size of the tumor smaller than 2 cm or not 

perceptible by a radiologist for segmentation. A subset of 18 pair of scans were further 

analyzed for the reproducibility of radiomic features derived from PDAC. For patients with 

more than one pair of CECT scans during the inclusion period, we included only the first 

pair for analysis.

CT scan parameters

Acquisition and reconstruction parameters were extracted from the DICOM headers and 

electronic medical records for each CECT examination including scan institution, scanner 

model, scan protocol, slice thickness, pixel spacing, reconstruction diameter, tube voltage, 

tube current, exposure time, exposure, noise index, adaptive statistical iterative 

reconstruction (ASiR) value, convolution kernel, contrast injection dose and administration 

rate. For this study, we also calculated the time interval in days between the two scans.

Segmentation

CT images were downloaded to a workstation. Pancreatic parenchyma and pancreatic tumor 

(when present) were manually segmented by T.P. and M.A.K., and then edited and 

confirmed by two radiologists (R.Y. and N.H. with 10 and 5 years of experience in 

Yamashita et al. Page 3

Eur Radiol. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



abdominal CT interpretation, respectively), independently, using a commercially available 

segmentation software (Scout Liver, Pathfinder Technologies Inc.). The individual scans 

were randomized so that while annotating any given scan, the reader was blinded to the 

other time point for the same patient to mitigate recall bias.

Feature extraction

In total, 266 radiomic features were extracted from the pancreatic parenchyma and 

pancreatic tumor, for each patient and each scan. The feature sets comprised 12 well-known 

shape-based features [20] that describe shape of an object, and 254 widely used texture-

based features that represent heterogeneity of a lesion [13], including 19 features from gray-

level co-occurrence matrix (GLCM) [21–23], 11 from run length matrix (RLM) [24], 5 from 

intensity histogram (IH), 127 from local binary patterns (LBP) [25–27], 54 from fractal 

dimension (FD) [28, 29], and 38 from two angle co-occurrence matrices (ACM) [30–32]. 

Two additional features, tumor volume and maximal diameter, were also calculated for the 

pancreatic tumors. Each feature was extracted from all slices in which the pancreas or tumor 

appeared and averaged to form a single value. Electronic Supplementary Material 1 lists all 

imaging features included in this study. All quantitative image analysis was implemented in 

MATLAB version R2015a (MathWorks).

Statistical analysis

To evaluate inter-reader agreement of the segmentations performed independently by the two 

radiologists, we calculated the Dice coefficient which measured the spatial overlap between 

two segmentations, X and Y, and was defined as Dice (X,Y) = 2 (X ∩ Y) / (X + Y) where ∩ 
is the intersection [33].

Reproducibility was defined as the amount of agreement between measures under all 

possible conditions on identical subjects for whom measurements are taken [34]. Image 

acquisition and reconstruction parameters as well as scanner models (Discovery vs 

LightSpeed, GE Medical Systems) were summarized using the frequency and percentage for 

categorical variables and compared between the first and second CECT scans using 

McNemar’s test. The median and range for continuous covariates were compared between 

the first and second CECT scans using Wilcoxon Sign Rank tests. Concordance correlation 

coefficients (CCCs) were used to quantify feature reproducibility for the following six sets 

of analyses in three different conditions.

1. CCC between radiologists segmenting the same CECT

S1R1/R2: reader 1 on scan 1 vs reader 2 on scan 1

S2R1/R2: reader 1 on scan 2 vs reader 2 on scan 2

2. CCC between paired CECTs segmented by the same radiologist

R1S1/S2: reader 1 on scan 1 vs reader 1 on scan 2

R2S1/S2: reader 2 on scan 1 vs reader 2 on scan 2

3. CCC between paired CECTs segmented by different radiologists

R1S2/R2S1: reader 1 on scan 2 vs reader 2 on scan 1
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R1S1/R2S2: reader 1 on scan 1 vs reader 2 on scan 2

The number of reproducible features were calculated for thresholds of CCC > 0.80, 0.85, 

and 0.90, respectively [13].

To assess the influence of scan-related parameters on the agreement of each radiologist 

performing segmentations on paired CECT scans from the same patient (i.e., R1S1/S2 and 

R2S1/S2), intraclass correlation coefficient (ICC) was calculated using a mixed effects linear 

model method by treating CECT scans as a random effect [35]. This allows the flexibility to 

adjust for covariates in the model. Five univariate mixed effect models were constructed for 

each radiologist performing the segmentation on paired CECT scans and included the 

following scan-related parameters as a fixed effect: 1) scanner models (Discovery vs 

LightSpeed); 2) pixel spacing resolution; 3) exposure; 4) administration rate; 5) gap time. 

Three of these parameters are routinely modified by CT technologists: CT scanner model 

choice is based on availability of the scanner at the time of scheduling, pixel resolution 

varies depending on the size of the scan field of view, and contrast injection rate is modified 

based on the type of venous access available [13]. Due to the small sample size, it was not 

feasible to construct a multivariable model and to account for other potential confounders. 

Differences in the number of reproducible features between unadjusted ICC and adjusted 

ICC were assessed according to radiomic features groups. All analyses were done in SAS 

(version 9.3, Inc.). All P-values were two-sided. P-values of <0.05 were considered to 

indicate statistical significance.

Results

Study cohort and scan parameters

The study cohort consisted of 37 unique patients, 20 males and 17 females (median age = 66 

years, range 35–86). Table 1 summarizes the scan parameters between pairs of CECTs in the 

entire cohort (Electronic Supplementary Material 2 details the scan parameters for all the 

scans). CECTs were performed either at our institution (n = 71) or at an outside institution (n 

= 3). The tube voltage was constant at 120 kVp across all the scans. The convolution kernel 

was “Standard” for all the scans. There were no significant differences between the first and 

seconds CECTs in the entire cohort. Similarly, distributions of scan parameters were similar 

in the subset of 18 patients with pancreatic tumor (data not shown). The time interval 

between the two scans ranged from 2 to 14 days (median 9 days) for the analysis of 

pancreatic parenchyma and from 3 to 14 days (median 10 days) for the analysis of the 

pancreatic tumor.

Inter-reader variability in segmentation

The median Dice coefficient was 0.851 (interquartile range [IQR], 0.086) for scan 1 and 

0.845 (IQR, 0.068) for scan 2 for segmentation of the pancreatic parenchyma. The median 

Dice coefficient was 0.707 (IQR, 0.121) for scan 1 and 0.686 (IQR, 0.160) for scan 2 for 

segmentation of the pancreatic tumor (Supplemental Figure 2).
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Radiomic feature reproducibility

For pancreatic parenchyma-derived radiomic features, using a threshold CCC > 0.90, 58/266 

(21.5%) and 48/266 (18.1%) features met the threshold for S1R1/R2 and S2R1/R2, 

respectively (same CECT, different radiologists), 14/266 (5.3%) and 15/266 (5.6%) features 

for R1S1/S2 and R2S1/S2, respectively (same radiologist, different CECTs), and 14/266 

(5.3%) and 10/266 (3.8%) features for R1S2/R2S1 and R1S1/R2S2, respectively (different 

radiologists, different CECTs). Figure 2 shows the number of pancreatic parenchyma-

derived features meeting different thresholds.

For pancreatic tumor-derived radiomic features, using a threshold CCC > 0.90, 11/268 

(4.1%) met the threshold for S1R1/R2, 17/268 (6.3%) for S2R1/R2, 1/268 (0.4%) for 

R1S1/S2, 5/268 (1.9%) for R2S1/S2, and no features (0/268) for both R1S2/R2S1 and 

R1S1/R2S2. Figure 3 shows the number of pancreatic tumor-derived features meeting 

different thresholds.

The FD feature group derived from the pancreatic parenchyma tended to be more robust 

across all six sets of analyses compared with other feature groups (Figure 4, Supplemental 

Table 1). On the other hand, only one FD feature (FD1_6) derived from the pancreatic tumor 

had a CCC that was consistently larger than 0.8, and no feature had a CCC value larger than 

0.85 (Figure 5).

Influence of scan-related parameters on radiomic feature reproducibility

Figure 6 shows the reproducibility of radiomic features between paired CECT scans and 

between paired CECTs after controlling for individual scan-related parameters. Using the 

mixed effects linear model to account for potential covariates, reproducibility was found to 

be less impacted by exposure or gap time for both radiologists, and the number of radiomic 

features was not substantially different at any given ICC (Figure 6aC/6aE; Figure 6bC/6bE). 

On the contrary, for both radiologists, reproducibility improved slightly after taking into 

account variabilities between scanner models (Figure 6aA/Figure6bA) and contrast 

administration rate (Figure6aD/Figure6bD). For R1 only, ICC improved when taking into 

account the variability in either the pixel spacing or the contrast administration rate from 

scan 1 to scan 2; the number of radiomic features with ICC > = 0.8 increased from 36 to 49 

after adjusting for pixel spacing and improved from 36 to 51 after adjusting for contrast 

administration rate. This was not observed for R2 (Figure 6aB; Figure 6bB). In terms of 

radiomic feature groups, LBP, FD, and ACM tended to be relatively influenced by machine 

model, pixel spacing, and injection rate compared with other feature groups (Supplemental 

Figure 1).

Discussion

Our results show that routine variations between CECT scans obtained within a two-week 

period affected the number of reproducible pancreatic radiomic features to a greater extent 

than variations in segmentation from different radiologists. When both the CECT scan and 

the radiologist performing segmentation were different, the number of reproducible features 

were further decreased. When comparing pancreatic tumor-derived radiomic features and 
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pancreatic parenchyma-derived features under the same conditions, we found that a smaller 

number of pancreatic tumor-derived features were reproducible; this could be due to the 

larger inter-reader variability in segmentations of pancreatic tumor compared with the 

parenchyma or the smaller size of the pancreatic tumors.

While there were no significant differences between acquisition variables such as scanner 

model, pixel spacing, and contrast administration rate, the number of reproducible features 

was increased slightly after accounting for variabilities in the scanner model, pixel spacing, 

and contrast administration rate. The improvement was more noticeable with the first 

radiologist when either pixel spacing or administration rate was accounted for in the 

regression model. Improvement was not observed in the readings by the second radiologist. 

This suggested that some radiologists were more sensitive to the scanner-related parameters, 

demonstrating the importance to adjusting for these variables. Our results are consistent with 

previous research by Perrin et al. [13] and highlight the potential hurdles in the use of 

quantitative radiomic features derived from contrast-enhanced CT images of the pancreas.

Compared with prior studies in other malignancies, our study found a lower number of 

reproducible radiomic features for the pancreatic malignancy. Balagurunathan et al. [36, 37] 

assessed the CCC of 219 radiomic features from test–retest non contrast-enhanced CT in 

lung cancer patients acquired 15 minutes apart; they found 66 features with a CCC > 0.9. 

The lower number of reproducible pancreas features in our study compared with prior lung 

radiomics investigations, including the Balagurunathan study with the RIDER data set [38], 

may be due to our inclusion of CECT scans separated by two weeks rather than using a 

coffee-break type design as used in these studies. A number of scan-related parameters and 

normal patient physiologic variability may affect feature reproducibility in CECT obtained 

days apart. For example, contrast dose and injection rate may change based on renal function 

and venous access on different days, and additional physiologic patient variations from week 

to week, such as cardiac output and hydration state, could further affect radiomics 

reproducibility in CECT. Timmeren et al. [14] compared radiomic feature reproducibility 

between a clinical scenario-derived rectal cancer test-retest data set and a coffee-break lung 

cancer RIDER test-retest data set [38]. In total, only 9 features out of 542 were reproducible 

in the clinical scenario-derived rectal cancer data set, whereas 234 features were 

reproducible in the RIDER data set. Perrin et al. [13] assessed the reproducibility of 254 

texture features in 38 patients with liver tumors in CECT acquired within a two-week 

interval; 35 features were found to have CCC > 0.9, which is also a higher proportion 

compared to our results in the pancreas. In addition, inter-reader variability in manual 

segmentation of pancreatic tumors could be larger compared with other malignancies 

because of the poorly defined borders of pancreatic tumors. However, as noted above, the 

variability in pancreas segmentation appeared to affect reproducibility to a lesser extent than 

short-term scan variability.

Our study had several limitations. First, the number of subjects was small. This small sample 

size also limited the number of variables that can be included in the regression analyses, so 

we were not able to clearly identify which imaging variables most affected reproducibility. 

Second, the number of radiologists involved in our study was limited to two. Third, while we 

used different threshold CCC > 0.9, 0.85, and 0.8 to illustrate the number of reproducible 
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features at each cut-off, it is unclear which threshold would be clinically meaningful in 

future pancreatic radiomic feature biomarker development. Further investigation on whether 

the reproducibility of individual feature has significant impact on the overall performance of 

a predictive model that combines several features remains to be determined. It is possible 

that combinations of features in a predictive model will obviate the need to assess individual 

feature reproducibility. Finally, this study was conducted based on an assumption that 

biological conditions for pancreatic parenchyma and tumor were stable within a two-week 

period. A shorter interval may improve the number of reproducibility of pancreatic radiomic 

features but would have further limited the sample size.

Although prospective studies would be the optimal way to properly address the influence of 

each individual acquisition and reconstruction parameter on radiomic feature reproducibility, 

our retrospective results are still informative since our cohort could reflect real world 

variations in scanning patients for biomarker trials in terms of variations in acquisition 

parameters, scanner hardware, and institution specific CT protocols that are expected to have 

an impact on radiomic feature reproducibility. Further investigations into the effects of 

segmentations by larger number of radiologists may be less fruitful with the eventual 

development of automated segmentation algorithm for pancreatic parenchyma and tumors. 

The development of alternatives to improve radiomic feature reproducibility are also 

anticipated, such as image preprocessing techniques. Emerging initiatives, such as Image 

Biomarker Standardization Initiative [39], are essential to foster clinical translation of 

radiomic research with the aim of precision medicine and may provide further guidance in 

improving reproducibility of radiomic features.

In conclusion, our study shows the potential hurdles in the development of reproducible 

pancreatic-derived radiomic features from CECT. Further studies that inform the creation of 

reproducible and clinically relevant pancreatic radiomic features are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ACM angle co-occurrence matrix

CCC concordance correlation coefficient

CECT contrast-enhanced computed tomography
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DICOM digital imaging and communications in medicine

FD fractal dimension

GLCM gray-level co-occurrence matrix

ICC intraclass correlation coefficient

IH intensity histogram

IQR interquartile range

LBP local binary pattern

PDAC pancreatic ductal adenocarcinoma

RLM run length matrix
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Key Points

• For pancreatic-derived radiomic features from contrast-enhanced CT (CECT), 

fewer than 25% are reproducible (with a threshold of CCC < 0.9) in a clinical 

heterogeneous dataset.

• Variations between CECT scans affected the number of reproducible radiomic 

features to a greater extent than variations in radiologist segmentation.

• A smaller number of pancreatic tumor-derived radiomic features were 

reproducible compared with pancreatic parenchyma-derived radiomic features 

under the same conditions.
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Figure 1. 
Study flowchart. Note that n is the number of pairs of scans.

Abbreviations: PDAC; pancreatic ductal adenocarcinoma
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Figure 2. 
The number of pancreatic parenchyma-derived features with CCC > 0.9, 0.85, and 0.8 (a) 

and cumulative distribution function plot of the CCC (b) in six sets of analyses for 

pancreatic parenchyma (n=37). The total number of features examined is 266.

Abbreviations: CCC; concordance correlation coefficient, S1R1/R2; reader 1 on scan 1 vs 

reader 2 on scan 1, S2R1/R2; reader 1 on scan 2 vs reader 2 on scan 2, R1S1/S2; reader 1 on 

scan 1 vs reader 1 on scan 2, R2S1/S2; reader 2 on scan 1 vs reader 2 on scan 2, R1S2/

R2S1; reader 1 on scan 2 vs reader 2 on scan 1, R1S1/R2S2; reader 1 on scan 1 vs reader 2 

on scan 2
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Figure 3. 
The number of pancreatic tumor-derived features with CCC > 0.9, 0.85, and 0.8 (a) and 

cumulative distribution function plot of the CCC (b) in six sets of analyses for pancreatic 

tumor (n=18). The total number of features examined is 268.

Abbreviations: CCC; concordance correlation coefficient, S1R1/R2; reader 1 on scan 1 vs 

reader 2 on scan 1, S2R1/R2; reader 1 on scan 2 vs reader 2 on scan 2, R1S1/S2; reader 1 on 

scan 1 vs reader 1 on scan 2, R2S1/S2; reader 2 on scan 1 vs reader 2 on scan 2, R1S2/

R2S1; reader 1 on scan 2 vs reader 2 on scan 1, R1S1/R2S2; reader 1 on scan 1 vs reader 2 

on scan 2
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Figure 4. 
Heatmap demonstrating pancreatic parenchyma-derived reproducible features with 

thresholds of CCC > 0.8 and CCC > 0.9, where each row and column represents each 

comparison dataset and radiomic feature, respectively. Pale blue indicates CCC ≤ 0.8, light 

blue indicates 0.8 < CCC ≤ 0.9, and dark blue indicates 0.9 < CCC.

Abbreviations: CCC; concordance correlation coefficient, GLCM; gray-level co-occurrence 

matrix, RLM; run length matrix, IH; intensity histogram, LBP; local binary pattern, FD; 

fractal dimension, ACM; angle co-occurrence matrix, S1R1/R2; reader 1 on scan 1 vs reader 

2 on scan 1, S2R1/R2; reader 1 on scan 2 vs reader 2 on scan 2, R1S1/S2; reader 1 on scan 1 

vs reader 1 on scan 2, R2S1/S2; reader 2 on scan 1 vs reader 2 on scan 2, R1S2/R2S1; reader 

1 on scan 2 vs reader 2 on scan 1, R1S1/R2S2; reader 1 on scan 1 vs reader 2 on scan 2

Yamashita et al. Page 16

Eur Radiol. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Heatmap demonstrating pancreatic tumor-derived reproducible features with thresholds of 

CCC > 0.8 and CCC > 0.9, where each row and column represents each comparison dataset 

and radiomic feature, respectively. Pale blue indicates CCC ≤ 0.8, light blue indicates 0.8 < 

CCC ≤ 0.9, and dark blue indicates 0.9 < CCC.

Abbreviations: CCC; concordance correlation coefficient, GLCM; gray-level co-occurrence 

matrix, RLM; run length matrix, IH; intensity histogram, LBP; local binary pattern, FD; 

fractal dimension, ACM; angle co-occurrence matrix, S1R1/R2; reader 1 on scan 1 vs reader 

2 on scan 1, S2R1/R2; reader 1 on scan 2 vs reader 2 on scan 2, R1S1/S2; reader 1 on scan 1 

vs reader 1 on scan 2, R2S1/S2; reader 2 on scan 1 vs reader 2 on scan 2, R1S2/R2S1; reader 

1 on scan 2 vs reader 2 on scan 1, R1S1/R2S2; reader 1 on scan 1 vs reader 2 on scan 2
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Figure 6. 
Cumulative distribution function plots of adjusted ICC value of pancreatic parenchyma-

derived (a) and tumor-derived (b) features with scanner model (A), pixel spacing (B), 

exposure (C), administration rate (D), and gap time (E) along with that of unadjusted ICC.

Abbreviations: ICC; intraclass correlation coefficient
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Table 1

Imaging reconstruction and acquisition variables for the analysis of pancreatic parenchyma

Scan 1 Scan 2 p-value*

(n=37) (n=37)

Model, n (%) 0.32

 Discovery (CT750 HD/STE) 8 (21.6) 11 (29.7)

 LightSpeed(VCT/16) 29 (78.4) 26 (70.3)

Pixel resolution (mm) 0.78 (0.65–0.97) 0.80 (0.60–0.9) 0.77

Slice thickness (mm) 5 (3.75–5) 5 (2.5–5) 0.43

Reconstruction diameter (mm) 400 (351–500) 410 (334–470) 0.71

Exposure time (ms) 724 (500–1040) 800 (500–1389) 0.42

Exposure (mAs) 29 (6–85) 30 (9–85) 0.35

Tube current (mA) 260 (119–645) 263 (172–441) 0.26

Contrast dose (cc) 150 (100–150) 150 (100–150) 0.99

Injection Rate (cc/s) 2 (1–4) 2 (1–3.5) 0.32

Scan Institution, n (%) 0.56

 Internal 35 (94.6) 36 (97.3)

 External 2 (5.4) 1 (2.3)

Protocol, n (%) 0.65

 Monophasic 34 (91.8) 33 (89.2)

 Triphasic 3 (8.2) 4 (10.8)

Noise Index 12.5 (8–16.6) 12.5 (8–16.0) 0.37

ASiR 0 (0–40) 0 (0–40) 0.32

Note: The distributions of continuous and categorical variables were compared between scans using Wilcoxon singed rank test and McNemar’s 
test, respectively. The median and range are presented unless otherwise specified.
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