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Abstract

BACKGROUND
Radiomics can assess prognostic factors in several types of tumors, but consi-
dering its prognostic ability in pancreatic cancer has been lacking.

AIM
To evaluate the performance of two different radiomics software in assessing
survival outcomes in pancreatic cancer patients.

METHODS

We retrospectively reviewed pretreatment contrast-enhanced dual-energy com-
puted tomography images from 48 patients with biopsy-confirmed pancreatic
ductal adenocarcinoma who later underwent neoadjuvant chemoradiation and
surgery. Tumors were segmented using TexRad software for 2-dimensional (2D)
analysis and MIM software for 3D analysis, followed by radiomic feature extra-
ction. Cox proportional hazard modeling correlated texture features with overall
survival (OS) and progression-free survival (PFS). Cox regression was used to
detect differences in OS related to pretreatment tumor size and residual tumor
following treatment. The Wilcoxon test was used to show the relationship bet-
ween tumor volume and the percent of residual tumor. Kaplan-Meier analysis
was used to compare survival in patients with different tumor densities in Houns-
field units for both 2D and 3D analysis.
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RESULTS

3D analysis showed that higher mean tumor density [hazard ratio (HR) = 0.971, P = 0.041)] and higher median
tumor density (HR = 0.970, P = 0.037) correlated with better OS. 2D analysis showed that higher mean tumor
density (HR = 0.963, P = 0.014) and higher mean positive pixels (HR = 0.962, P = 0.014) correlated with better OS;
higher skewness (HR = 3.067, P = 0.008) and higher kurtosis (HR = 1.176, P = 0.029) correlated with worse OS.
Higher entropy correlated with better PFS (HR = 0.056, P = 0.036). Models determined that patients with increased
tumor size greater than 1.35 cm were likely to have a higher percentage of residual tumors of over 10%.

CONCLUSION

Several radiomics features can be used as prognostic tools for pancreatic cancer. However, results vary between 2D
and 3D analyses. Mean tumor density was the only variable that could reliably predict OS, irrespective of the ana-
lysis used.

Key Words: Radiomics; Pancreas; Cancer; Segmentation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The use of radiomics to assess pancreatic cancer has been limited. This retrospective study evaluated the
performance of 2-dimensional (2D) and 3D radiomic software in determining survival outcomes of pancreatic cancer
patients. The mean tumor density was the only variable to reliably predict overall survival (OS) irrespective of the type of
analysis. Mean tumor density may be able to differentiate survival and potentially may be help in treatment planning
irrespective of the texture analysis software used. Higher skewness [hazard ratio (HR) = 3.067, P = 0.008] and higher
kurtosis (HR = 1.176, P = 0.029) correlated with worse OS based on 2D analysis.

Citation: Saleh M, Virarkar M, Mahmoud HS, Wong VK, Gonzalez Baerga CI, Parikh M, Elsherif SB, Bhosale PR. Radiomics
analysis with three-dimensional and two-dimensional segmentation to predict survival outcomes in pancreatic cancer. World J Radiol
2023; 15(11): 304-314

URL: https://www.wjgnet.com/1949-8470/full/v15/i11/304.htm

DOI: https://dx.doi.org/10.4329/wjr.v15.i11.304

INTRODUCTION

Pancreatic cancer is an aggressive malignancy causing 7%-8% of cancer-related deaths in the United States[1]. The 5-year
overall survival (OS) rate is currently less than 5% despite aggressive multimodality treatment approaches, which mainly
include neoadjuvant chemoradiation followed by surgery[2,3]. Up to 60% of patients experience recurrence following
definitive therapy[3-5]. Pretreatment stratification of patients based on risk of recurrence and mortality may help de-
termine the aggressiveness of the treatment plan and guide optimal management.

Several risk factors may affect pancreatic cancer prognosis and OS, such as vascular invasion, lymph node metastasis,
tumor stage, and tumor differentiation[6]. Although some prognostic factors may be evaluated by conventional imaging,
several others require invasive histologic assessment, which is expensive, carries the risk of complications such as
infections or bleeding, and may not provide a complete evaluation of the tumor owing to sampling variability.

There is increasing interest in radiomics because it converts qualitative and subjective imaging data into quantitative
and objective data through complex algorithms to provide information that a radiologist cannot extract with the naked
eye. Several studies have demonstrated that radiomics can noninvasively assess tumor grade, lymph node metastasis,
and other prognostic factors for multiple types of tumors[7-9]. However, only a few studies have evaluated the use of
radiomics for assessing prognosis for pancreatic tumors[10-13]. Additionally, texture analysis values extracted via
artificial intelligence programs are software-dependent and may vary among software programs due to differing
algorithms and processing. For example, MIM performs a 3-dimensional (3D) volumetric analysis, whereas TexRad
performs a cross-sectional 2D analysis of only a single slice.

Given this discrepancy, the primary objective of the current study was to determine whether pancreatic tumor texture
features can reliably be used as prognostic indicators to provide reproducible results independent of the artificial
intelligence software or type of analysis used.

MATERIALS AND METHODS

Patients
This retrospective single-center study was reviewed and approved by the Institutional Review Board in compliance with
HIPAA guidelines. Institutional records between January 2012 and November 2020 were accessed. Our inclusion criteria
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included patients undergoing a baseline (pretreatment) contrast-enhanced dual-energy computed tomography (CT)
study of the primary pancreatic tumor before chemoradiation and subsequent surgery. Patients who did not have: (1)
Baseline pretreatment CT study data; (2) Histologic confirmation of a primary tumor of the pancreas; and/or (3) Visible
tumors on the CT study were excluded from the analysis. Forty-eight patients met the inclusion criteria. An under-
graduate research student searched the patients” medical records for date of birth, date of first CT study, date of diag-
nosis, date of last follow-up, date of surgery, histological tumor size, tumor histologic characteristics, and histologic
differentiation, presence of adenopathy, both before and after treatment, type of neoadjuvant therapy received,
recurrence state, date of recurrence, vital status, and date of death, if applicable. Tumor responses were based on a
comparative evaluation of pre- and post-treatment scans and were evaluated by the Response Evaluation Criteria in Solid
Tumors criteria.

CT protocol and image acquisition

All patients underwent the pretreatment abdominal contrast-enhanced dual-energy CT study via a 64-detector row
Discovery CT750 HD CT scanner (Gemstone Spectral Imaging, GE Healthcare, Milwaukee, WI) with a multiphasic
pancreatic protocol with rapid switching. Images were acquired intravenously after injecting 125-150 mL of Omnipaque
350 (Mallinckrodt, St Louis, MO) at a rate of 4-5 mL/s. Bolus tracking was used. When a 100-Hounsfield unit (HU)
increase was detected at the origin of the celiac axis, images were obtained with a diagnostic scan delay of 20 s, from the
level of the hemidiaphragm to the iliac crest, using a rapid switching dual-energy technique (80 kVp and 140 kVp). The
scan duration was 5 s for the abdomen. The late arterial / pancreatic parenchymal phase was obtained approximately 40-
45 s after the start of contrast injection, and an additional 20-s delay scan using a 120-kVp conventional non-dual-energy
imaging technique, resulting in a portal venous phase, was obtained approximately 65-70 s after the start of contrast
injection. Images in the pancreatic parenchymal and portal venous phases were reconstructed at 2.5-mm slice thickness.
The scan parameters were as follows: Tube current 125-600 ms, tube voltage 120 kVp, pitch 0.98:1, slice thickness 0.6-5
mm, revolution time 0.8 s, table feed speed 39.375 mm/rotation, and field of view 440 mm.

Radiomics workflow

Our study included two separate segmentation programs: MIM software version 6.9.4 (MIM Software Inc) and TexRad
Research version 3.9 (Cambridge Computed Imaging LTD). Both radiomics workflows started with tumor segmentation
on the treatment-naive imaging studies, followed by feature extraction. The tumors were segmented by a research fellow
in the abdominal radiology department under the supervision of an oncologic radiologist with ten years of experience.

3D segmentation: The portal venous phase was used for segmentation. The tumors were contoured on MIM software
using the 3D brush on the axial, coronal, and sagittal planes (Figure 1) by an abdominal radiologist with ten years of
clinical experience. A research fellow assisted in extracting the texture features on MIM and saved them on an encrypted
server. Seventeen texture features [integral total value (HU x Ml), kurtosis, maximum HU, mean HU, maximum mean
HU ratio, median HU, median minimum HU ratio, minimum HU, minimum mean HU ratio, skewness, sphere value
(cm), standard deviation, standard deviation mean HU ratio, total HU, volume, voxel count, and entropy], all belonging
to first-order statistics, were extracted via an algorithm developed by MIM Software Inc for the texture analysis of CT
scans (Table 1).

2D segmentation: The images evaluated in 2D segmentation were also derived from the portal venous phase uploaded to
the commercially available TexRad research software. 2D segmentation was performed using the polygon region of
interest tool. The slice with the greatest tumor diameter was used, and textural radiomic features were extracted automat-
ically from the images within the region of interest. A total of 6 texture features (entropy, kurtosis, mean HU, mean
positive pixels, skewness, and standard deviation) were extracted. Because TexRad software applies spatial scale filters
and MIM'’s algorithm does not, only values without using a spatial scale filter were considered to compare the two soft-
ware programs.

Statistical analyses

For 2D and 3D analysis, the correlation between tumor size and percentage of residual tumor based on histological
evaluation was assessed using simple linear regression. The Wilcoxon test was used to show the relationship between
tumor volume and the percent of residual tumor. The Youden index was used to determine the optimal cutoff for
predicting residual tumors based on tumor size. Also, a receiver operating characteristic curve was generated to predict
the performance of tumor size in estimating residual tumors.

Simple logistic regression was used to correlate the texture features with post-treatment adenopathy. A Cox propor-
tional hazards model was used to fit univariate models identifying associations between texture features and OS and
progression-free survival (PFS). Cox regression was used to detect any significant association between OS and the per-
centage of residual tumor following treatment or tumor size.

For 2D and 3D analysis, recursive partitioning analysis was carried out using the R package “rpart” to identify a cutoff
that can predict OS by mean HU value. All tests were two-sided, and P < 0.05 was considered statistically significant.
Statistical analysis was done using SAS version 9.4 (SAS Institute, Cary, NC). The Kaplan-Meier analysis was used to
compare survival in patients with different tumor densities in HU for both 2D and 3D analysis.
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Table 1 Radiomic features extracted from segmentation programs

MIM Software Inc (3D segmentation) Cambridge Computed Imaging LTD (2D segmentation)
Integral total value Entropy

Kurtosis Kurtosis

Maximum HU Mean HU

Mean HU Mean positive pixels

Maximum mean HU ratio Skewness

Median HU Standard deviation

Median minimum HU ratio
Minimum HU

Minimum mean HU ratio
Skewness

Sphere value

Standard deviation

Standard deviation mean HU ratio
Total HU

Volume

Voxel count

Entropy

HU: Hounsfield units; 2D: Two-dimensional; 3D: Three-dimensional.

- -

* DOI: 10.4329/wjr.v15.i11.304 Copyright ©The Author(s) 2023.

Figure 1 Example of contouring using the 3-dimensional brush on MIM software in the different planes. A: Axial; B: Sagittal; C: Coronal.

RESULTS

The patients” mean * SD age was 61.2 + 12.8 years, with a median age of 61.9. Patient ages ranged from 18.6 years to 88.9
years. Linear regression showed that histologic tumor size was correlated with residual tumor [correlation coefficient =
0.51, 95% confidence interval (CI): 0.26-0.70, Figure 2]. Using a cutoff of 1.35 cm, based on histologic tumor size, our
models showed that patients with a tumor size greater than 1.35 cm are at risk of having more than 10% residual tumor
(sensitivity = 0.64, specificity = 0.94, accuracy = 0.85, P = 0.015; Figures 3 and 4).

3D analysis

Linear regression showed that histologic tumor size was correlated with residual tumor (correlation coefficient = 0.51,
95%CI: 0.26-0.70, Figure 2). Using a cutoff of 1.35 cm, based on histologic tumor size, our models showed that patients
with a tumor size greater than 1.35 cm are at risk of having more than 10% residual tumor (sensitivity = 0.64, specificity =
0.94, accuracy = 0.85, P = 0.015; Figures 3 and 4).

Guiewidege WIR | https://www.wijgnet.com 307 November 28,2023 | Volume15 | Issuell |



Saleh M et al. Radiomic analysis pancreatic cancer

L] L] L]
L] L]
0.75 7
L] L] e L]
”
”
L L] ”
”
s
”
”
0.50 + . . . 27
S pa
£ -7
- ”
Q L] L] 7 )
3 b
g - e
D\C’ : e ) L] L] L]
0.25 - -7 .
-
/( L] (L] L]
”
-
”
L] L] o o L] e o
L] L]
L]
0.00 - e . .
T T T T T T
0 1 2 3 4 5
Tumor size

DOI: 10.4329/wjr.v15.i11.304 Copyright ©The Author(s) 2023.

Figure 2 Linear regression showing that residual tumor was significantly linearly correlated with tumor size (P = 0.0002). Using tumor size as
the predictor (x-axis), the slope is 0.1023, meaning that for every single unit increase in tumor size, there is a 10.23% increase in the percentage of residual tumors.
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Figure 3 Box plot showing the relationship between tumor size and residual tumor in our cohort.

Linear regression analysis showed that mean HU [correlation coefficient = -0.0040, standard error (SE) = 0.0018, P =
0.0326], median HU (correlation coefficient = -0.0039, SE = 0.0019, P = 0.0373), and minimum mean HU ratio (correlation
coefficient = -0.1038, SE = 0.0499, P = 0.0406) were inversely correlated with the percentage of residual tumor following
treatment.

The univariate Cox proportional hazards model showed that mean HU and median HU were significantly correlated
with OS [mean HU: hazard ratio (HR) = 0.971, 95%CI: 0.945-0.999, P = 0.041; median HU: HR = 0.970, 95%CI: 0.942-0.998,
P =0.037]. A cutoff value of mean HU > 61.185 significantly predicted better OS (P = 0.0039; Figure 5A). None of the
texture features significantly correlated with post-treatment adenopathy or PFS risk.
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Figure 4 Receiver operating characteristic curve showing that 1.35-cm tumor size is the optimal cutoff point for predicting < 10% residual
tumor, determined by the Youden index. This model predicts < 10% residual tumor with an area under the curve of 0.852, sensitivity of 0.643, and specificity
of 0.939. AUC: Area under the curve.
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Figure 5 Kaplan-Meier curves. A: Kaplan-Meier curves comparing patients with mean Hounsfield units (HU) value greater or less than 61.185, based on 3-
dimensional analysis. Log-rank P = 0.0039 indicates that patients with mean HU = 61.185 had significantly better overall survival than those with mean HU < 61.185;
B: Kaplan-Meier curves comparing patients with mean HU value greater or less than 65.485, based on 2-dimensional analysis. Log-rank P = 0.0047 indicates that
patients with mean HU = 65.485 had significantly better overall survival than those with mean HU < 65.485. HU: Hounsfield units.

2D analysis

Without a spatial scale filter, high tumor entropy (correlation coefficient = -0.641, SE = 0.301, P = 0.039), increased mean
HU (correlation coefficient = -0.004, SE = 0.002, P = 0.032), and high mean positive pixels (correlation coefficient = -0.005,
SE = 0.002, P = 0.032) correlated with less than 10% residual tumor following treatment. Entropy is also positively
associated with PFS (HR = 0.056, 95%CI: 0.004-0.831, P = 0.036).

For 2D values, a cutoff of 65.485 for mean HU was appropriate for differentiating mortality risk; patients with equal or
higher values than the threshold had significantly better OS (P = 0.0047; Figure 5B). High mean positive pixels were
associated with better OS (P = 0.014), whereas high kurtosis (P = 0.029) and skewness (P = 0.007) were associated with
worse OS (Table 2). No significant correlations existed between texture features at 0 spatial scale filter and post-treatment
adenopathy.
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Table 2 Univariate Cox proportional hazards model for overall survival (hazard ratio < 1 indicates better prognosis)

SSF Variable Hazard ratio 95% ClI P value
0 Kurtosis 1.176 1.017-1.361 0.029

0 Mean HU 0.963 0.935-0.993 0.014

0 MPP 0.962 0.933-0.992 0.014

0 Skewness 3.067 1.345-6.993 0.008

2 Entropy 0.042 0.003-0.636 0.022
2 Mean HU 0.975 0.961-0.989 0.001

3 Mean HU 0.980 0.968-0.991 <0.001
4 Kurtosis 1.071 1.000-1.146 0.048

4 Mean HU 0.985 0.974-0.995 0.003

4 MPP 1.012 1.000-1.023 0.046
4 SD 1.006 1.001-1.011 0.016

5 MPP 1.009 1.002-1.017 0.012
5 SD 1.006 1.001-1.011 0.010
6 MPP 1.007 1.002-1.013 0.008

6 SD 1.006 1.001-1.011 0.011

Without a spatial scale filter (SSF), patients with high kurtosis and skewness had worse overall survival. Patients with elevated mean Hounsfield units and
mean positive pixels had better overall survival. Several other significant findings were found when an SSF was applied (2 through 6). HU: Hounsfield
units; SSF: Spatial scale filter; MPP: Mean positive pixels; 95%CI: 95% confidence interval.

DISCUSSION

Our study suggests that baseline CT-based texture features are noninvasive prognostic indicators that can help predict
residual tumors, response to therapy, and prognosis in patients with pancreatic cancer. We also found that some of these
textural features are reproducible irrespective of the software or analysis used. 3D and 2D analyses showed that higher
tumor density correlated with better OS and lower residual tumors. However, unlike 3D analysis, the 2D analysis also
showed that higher skewness and higher kurtosis were correlated with worse OS and higher entropy was correlated with
better PFS.

Our study showed that tumor density was a predictor of OS, irrespective of the texture analysis software used. The
findings of Cassinotto et al[14] corroborate our findings. In that study, hypoattenuating pancreatic adenocarcinomas on
preoperative scans were associated with worse disease-free survival. In addition, hypoattenuating tumors were asso-
ciated with an increased risk of lymph node metastasis and high tumor grade, which explained the poor survival
outcomes compared with patients with hyperattenuating tumors. Fukukura et al[15] also demonstrated that hypoatten-
uating pancreatic tumors on pretreatment scans may independently predict worse OS in patients undergoing surgery or
receiving adjuvant treatments. Another study by Zhu et al[16] showed that hypoattenuating pancreatic tumors treated
with surgical resection were associated with poorer disease-free survival compared with hyperattenuating pancreatic
tumors. Hypoattenuating tumors have been shown to have a greater degree of necrosis, an indicator of tumor hypoxia,
and, therefore, accelerated malignant potential. This radiologic-pathologic association helps explain the association of
hypoattenuation with poor prognosis[17,18].

Higher tumor density (mean HU) and smaller tumor size correlated with a lower percentage of residual tumors
following treatment. Our findings suggest that smaller and/or hyperattenuating tumors on the portal venous phase of
contrast-enhanced CT will likely respond to chemotherapy because they showed a lower percentage of residual tumors
following treatment. To our knowledge, no previous studies have evaluated this correlation. Several studies have shown
that patients with pancreatic cancer showing greater than 10% residual tumor following treatment have a worse pro-
gnosis[19,20]. Okubo et al[21] showed that patients with residual tumors greater than 220 mm? had a higher risk of
lymphatic, perineural, and vascular invasion. This variable was an independent predictor of a worse recurrence-free
survival. In our study, hyperattenuating tumors correlated with lower residual tumors after therapy, which likely
explains the correlation between higher tumor density and better survival outcomes. Therefore, using tumor density on
baseline scans as a prognostic predictor could help clinicians plan management, with the higher-risk group potentially
receiving more aggressive therapies or undergoing more aggressive monitoring.

2D analysis showed that skewness and kurtosis were inversely correlated with OS. Attiyeh et al[22] developed two
separate models with 255 radiomics features that measure pixel spatial variation, including kurtosis and skewness; their
models demonstrated that tumors with greater heterogeneity were associated with poor OS. Their datasets predicted OS
with a concordance index of 0.69 to 0.74. Data from Cozzi et al[23] corroborated the finding that higher heterogeneity
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correlates with worse prognosis; they found that tumors with lower homogeneity and higher dissimilarity textural
features were associated with worse OS. However, skewness and kurtosis were not associated with survival outcomes in
their study.

Increasing heterogeneity has also been associated with poor prognosis, irrespective of the imaging modality. For
example, Hyun et al[24] reported that intratumoral heterogeneity measured by positron emission tomography textural
features in pancreatic cancer patients predicted 2-year OS with an area under the curve of up to 0.72 using entropy fea-
tures. Although studies evaluating the relationship between tumor heterogeneity and prognosis in pancreatic cancer are
limited, tumor heterogeneity in other types of cancer has been shown to increase the risk of tumor recurrence, metastasis,
resistance to treatment, and death[25,26]. Our 3D texture analysis extracted values of kurtosis and entropy. However,
these values did not correlate with OS, and this might be because of the differences in features extracted between 3D and
2D analyses.

Although our study and other studies assessing pancreatic and colorectal cancers[27-29] have shown that higher
entropy correlates with better prognosis, several others have shown that higher entropy correlates with worse prognosis
in various cancers. This variability in the current literature suggests that entropy should not be used to predict prognosis
in pancreatic cancer without further exploration. In our study, 2D analysis showed that higher entropy correlated with
better PFS and less residual tumor following treatment. Sandrasegaran et al[29] reported similar findings; they observed
better median OS times in patients with tumors with high entropy. However, this did not reach statistical significance.
Cassinotto et al[14] showed that higher entropy correlated with less perineural invasion in pancreatic cancer, with an
odds ratio of 0.018, which can help explain the positive prognostic implications of high entropy.

Although entropy reflects tumor heterogeneity similarly to skewness and kurtosis, entropy correlated differently with
OS and PFS in our study; higher entropy was correlated with better prognosis. Other studies have shown that high
entropy is associated with prognosis, poor treatment response, and aggressiveness in colorectal, pulmonary, and central
nervous system tumors[27,30-32]. Several factors might explain these results. Unlike skewness and kurtosis, entropy
analyzes randomness in the gray levels rather than in the distribution of gray levels in a region of interest[33]. Fur-
thermore, tumor biology differs substantially among different organs, so what holds true in other organs may not be the
same for the pancreas.

Additionally, entropy is prone to alterations in processing and image acquisition because entropy is area-dependent,
whereby any region of interest covering less than 200 pixels can lead to the inaccurate estimation of entropy’s relationship
with any variable[34,35]. TexRad estimates entropy based on Shannon’s model, the most straightforward and earliest
model for estimating entropy. Still, TexRad might overestimate entropy by assuming that the pixels within a region of
interest have an identical distribution and are entirely independent of neighboring pixels[34,36]. Given the insufficient
data about the prognostic implications of entropy for pancreatic cancers, further studies are required to accurately assess
the prognostic impact of entropy.

Our study has several strengths. Because all images were obtained on the same scanner, any heterogeneity in the
results that may arise from using different scanners has been ruled out. Additionally, most studies using radiomics to
evaluate response to treatment usually use delta radiomics to compare pretreatment and post-treatment scans. For
example, Nasief et al[37] demonstrated that delta-radiomic features obtained during treatment periods could distinguish
poor responders from good responders with an area under the curve of 0.94. Our pretreatment findings allow identifying
patients who are more likely to respond before any treatment using baseline imaging, allowing for treatment selection
that minimizes morbidity and thus limits expenses. This contrasts delta radiomics, which evaluates response after
treatment has begun. Another strength of our study is comparing 2D and 3D analysis using TexRad and MIM software,
respectively. It is well known that radiomics depend on how they are processed, and the software used[38,39]. However,
our comparison showed that tumor density (mean HU) is a consistent and valid predictor of OS and PFS, irrespective of
the type of analysis used.

Our study has some limitations. Our sample size was small, and it was a retrospective study. Therefore, more extensive
prospective studies are needed to validate our findings. Additionally, CT acquisition factors might affect texture analysis
variables; however, the effect is minimal. Lastly, our results were not externally validated and can only be directly app-
lied to clinical practice with further validation.

CONCLUSION

In conclusion, tumor density (mean HU) was the only variable in our study that could reliably predict OS and PFS,
irrespective of the type of analysis used. This variable may be used as a prognostic indicator to differentiate high-risk
patients from low-risk patients and could be used for treatment planning. However, prospective studies will be beneficial
to validate our findings externally.

ARTICLE HIGHLIGHTS

Research background
Radiomics can determine prognostic factors of several types of tumors.
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Research motivation
Lack of evidence supporting radiomic studies on pancreatic cancer.

Research objectives
Compare two different radiomic softwares in assessing survival outcomes in pancreatic cancer patients.

Research methods

Retrospective review of pretreatment dual energy computed tomography (CT) images of 48 patients with biopsy
confirmed lesions. Tumors were segmented using TexRad [2-dimensional (2D)] analysis software and MIM (3D) analysis
software and radiomic features were extracted to compare with overall surgical (OS) and progression free survival (PFS).

Research results

3D analysis demonstrates that higher mean tumor density and median tumor density correlated with better OS, while 2D
analysis showed that higher mean tumor density and mean positive pixels correlated with better OS. 2D analysis also
showed higher skewness and kurtosis correlated with worse OS. Higher entropy correlated with better PFS. Patients with
increased tumor size greater than 1.35 cm were likely to have a higher percentage of residual tumor above 10%.

Research conclusions
Radiomic features can serve as prognosis tools for pancreatic cancer and determine OS.

Research perspectives
This study serves as a guide for future research that can be verified through a prospective approach, while also con-
tributing to possible alternatives to determine prognosis in patients using radiomic features.
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