
PRECISION MEDICINE

original
reports

Identifying Outcomes of Patients With
Advanced Pancreatic Adenocarcinoma and
RECIST Stable Disease Using Radiomics Analysis
Qiuxia Yang, MD1; Yize Mao, MD2; Hui Xie, MD1; Tao Qin, MD3; Zhijun Mai, MD1; Qian Cai, MD4; Hailin Wen, MD5; Yong Li, MD6;

Rong Zhang, MD1; and Lizhi Liu, MD1

abstract

PURPOSE Few studies have explored the biomarkers for predicting the heterogeneous outcomes of patients with
advanced pancreatic adenocarcinoma showing stable disease (SD) on the initial postchemotherapy computed
tomography. We aimed to devise a radiomics signature (RS) to predict these outcomes for further risk stratification.

MATERIALS AND METHODS Patients with advanced pancreatic adenocarcinoma and SD after chemotherapy
were included. Pancreatic lesions on initial postchemotherapy computed tomography images were evaluated by
radiomics analysis for predicting early death (≤ 1 year). RS was then internally and externally tested. The
progression-free survival and objective response rate were compared between the low-risk and high-risk group
of patients classified following RS.

RESULTS Approximately 62.7% of patients receiving chemotherapy showed SD at first response evaluation in the
primary cohort, which were 59.6% and 57.9% in internal and external testing cohorts, respectively. The RS
predicted 1-year overall survival well, with areas under the receiver operating characteristic curve of 0.91 in the
training cohort, 0.90 in the validation cohort, 0.84 in the internal testing cohort, and 0.87 in the external testing
cohort. The high-risk group had a shorter median progression-free survival (7.3 months v 9.0 months, P = .016,
in the training cohort; 5.9 months v 9.2 months, P = .026, in the internal testing cohort) and a lower objective
response rate (2.2% v 24.0% in the training cohort) than the low-risk group. In addition, RS was not related to the
clinical characteristics and chemotherapy regimens.

CONCLUSION RS independently predicts the outcomes of patients with SD after chemotherapy well and can help
to improve treatment decisions by identifying patients for whom current treatment may not be suitable.
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INTRODUCTION

Advanced pancreatic adenocarcinoma (PAC) is as-
sociated with poor outcomes,1 with a median overall
survival (OS) of 11.1months.2 Recent developments in
precision oncology have improved PAC treatment; for
example, a PARP inhibitor can be used for PACs with a
BRCA1 mutation.3 However, 4%-7% of patients with
PAC have BRCA1 mutation.3 Thus, traditional chemo-
therapy using FOLFIRINOX or adopting a gemcitabine-
based regimen remains the main treatment for PAC.4

The majority of patients (range 53%-80%) show stable
disease (SD) on the initial postchemotherapy computed
tomography (CT), according to the RECIST 1.1.5-8 Thus,
improving outcomes in patients showing SD using
precision oncology methods is important.

In clinical practice, we observed that the outcomes of
patients with PAC with SD were heterogeneous. Some
patients survive longer than 12 months, whereas the
disease progresses rapidly in some (survival period,

not more than 6 months).9,10 Disappointingly, under
current circumstances, all patients diagnosed with SD
still continue the primary chemotherapy regimen until
the tumor progresses, regardless of these widely
varying outcomes. These findings indicate that the
RECIST is not the optimal biomarker for assessing
whether the current chemotherapy regimen should be
continued or discontinued in patients with SD.
Therefore, it is urgent to explore a new model for
further risk stratification to distinguish a subgroup of
patients with SD who could potentially benefit from
treatment.

To date, there has been no comprehensive study of
biomarkers that can predict the outcomes in patients
with PAC with SD early after first-line chemotherapy.
Various biohumoral markers (eg, carbohydrate antigen
[CA] 19-9,11,12 circulating ribonucleic acids,13,14 cir-
culating tumor cell DNA,15,16 or gene signatures)17-19

have been associated with the outcomes of PAC.
However, they are insufficient to stratify patients with
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SD accurately (eg, CA 19-9) or they are impractical in actual
clinical settings (eg, circulating tumor DNA and gene sig-
natures), because of their exorbitant cost, long turnaround
time, reliance on bioinformatics expertise, or requirement
of more than the limited specimen obtained by biopsy.

Radiomics analysis on the basis of tumor heterogeneity has
great potential in efficacy evaluation and prognosis prediction
in patients with PAC20-26 and many other malignancies.27-29

Radiomics captures heterogeneity across the entire tumor
volume. However, previously published prognostic models
on PAC have focused on the pretreatment CT texture
features,23,25 as known treatment options for patients with
advanced PAC are scarce, and the current first-line treat-
ment cannot be changed, even if the baseline imaging
findings suggest a worse outcome. By contrast, if survival can
be predicted by the early CT features after standard che-
motherapy, it will be helpful to determine whether high-risk
patients need a more aggressive regimen or could participate
in exploratory research. Therefore, the prognosticmodel using
the initial CT radiomics features after chemotherapy may
perform better. Furthermore, the basic radiomics workflow
and radiomics features are well defined. CT data acquisition is
a simpler approach for themanagement of PAC because of its
lower cost and widespread availability.30 Moreover, it does not
incur additional costs for patients. Thus, CT-based radiomics
analysis can be readily translated into the clinic.

Therefore, this retrospective study aimed to use radiomics
analysis to predict the outcomes in patients with advanced PAC
and SD on initial CT images after first-line chemotherapy for
further risk stratification to assist clinicianswith decisionmaking.

MATERIALS AND METHODS

Patients

Patients with pathologically proven advanced PAC who
received chemotherapy at our center during August 2010

to March 2020 and showed SD at first response evaluation
were reviewed. The Data Supplement presents the detailed
inclusion and exclusion criteria, and the CONSORT dia-
gram of patient selection is shown in Appendix Figure A1.
Eligible patients were randomly divided into a training and a
validation cohort by a computer algorithm in a ratio of 7:3.
According to the above criteria, eligible patients in our
center during April 2020 to April 2021 and those patients in
center 2 during January 2013 to December 2020 were
enrolled as independent internal and external testing co-
horts, respectively (Fig 1A).

Clinical data (eg, sex, age, tumor location, size, T stage,
American Joint Committee on Cancer stage, and multiple
organ metastasis [yes/no]) at baseline, CA 19-9 levels at
baseline and after chemotherapy (the same period as the
first follow-up CT), and chemotherapy regimens were ob-
tained from medical records. The change ratio of CA 19-9
was calculated using the following formula: (CA 19-9 level
at baseline – CA199 level after chemotherapy)/CA 19-9
level at baseline, and recorded as the CA19-9 ratio.

Treatment and Follow-up

The treatment regimens and follow-ups are shown in the
Data Supplement. Patients were followed up for survival
duration until November 2021. The OS was defined as the
time from the start of chemotherapy to the date of death
because of any cause or date of the last follow-up.

Assessment of Chemotherapy Efficacy

For all patients, the efficacy assessment was performed on all
continuous follow-up CT examinations after chemotherapy,
according to RECIST 1.1.31 Two experienced radiologists
(one with.10 years of subspecialty experience in pancreatic
cancer and one with 5 years of experience) independently
reviewed the CT images of each patient. The readers were
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blinded to the patient’s details, including regimen and out-
comes. Decisions were reached by consensus.

Radiomics Signature: Construction and Validation

Patients were grouped according to outcomes into better
(OS ≥ 1 year) and worse outcome groups (OS , 1 year).

In the training cohort, we developed a prediction model
using the radiomics features of the first follow-up CT after
chemotherapy to distinguish between the two groups. The
Data Supplement describes CT image acquisition, region of
interest segmentation, radiomics feature extraction and
selection, and contributing weight coefficients of param-
eters in the radiomics signature (RS). The rad-score was
then calculated for each patient. Next, the performance of
the radiomics model was tested in a validation cohort and
independent internal and external testing cohorts.

Survival prediction models were also established using
single clinical features (eg, the T stage, CA 19-9 level at

baseline, CA 19-9 ratio, and tumor size). The discrimination
performance of established models was quantified by re-
ceiver operating characteristic (ROC) curve analysis and
area under the curve (AUC) value. The corresponding
cutoff value of the rad-score was calculated.

Clinical Use of Decision Curve Analysis

To evaluate the added value of the RS to individual clinical
features in predicting a , 1-year OS for patients with ad-
vanced PAC with SD, we developed four decision curves,
on the basis of the radiomics model: T stage, CA 19-9 level
at baseline, CA 19-9 ratio, and tumor size models. The
clinical utility could be demonstrated by calculating the net
benefits for a range of threshold probabilities.

Comparison of the Serial Tumor Response Between the

High-Risk and Low-Risk Groups

On the basis of the rad-score cutoff value, we classified pa-
tients into two groups: low-risk and high-risk groups. To
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Training cohort
OS ≥ 1 year (n = 33)
OS < 1 year (n = 37)

SYSUCC
August 2010-March 2020

101 patients met IEC
(Primary cohort)

Validation cohort
OS ≥ 1 year (n = 18)
OS < 1 year (n = 13)

Internal testing cohort
OS ≥ 1 year (n = 11)
OS < 1 year (n = 22)

External testing cohort
OS ≥ 1 year (n = 11)
OS < 1 year (n = 14)

SYSUCC
April 2020-April 2021
33 patients met IEC

SYSMH
January 2013-December 2020

25 patients met IEC

Prediction model: OS ≥ 1 year versus OS < 1 year 

Center 1 Center 2

FIG 1. (A) Flowchart of study population and (B) the study workflow. CT, computed tomography; DCA, decision curve analysis; GLCM, gray-level concurrence
matrix; IEC, inclusion/exclusion criteria; LASSO, least absolute shrinkage and selection operator; OS, overall survival; PFS, progression-free survival; ROC,
receiver operating characteristic; RS, radiomics signature; SYSMH, Sun Yat-sen Memorial Hospital; SYSUCC, Sun Yat-sen University Cancer Center.
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compare the difference in tumor progression, the progression-
free survival (PFS) in the two groups was statistically com-
pared. The PFS end point was defined as the time from the
start of chemotherapy to the date of tumor progression or
death because of any cause. The chemotherapy regimens
were also compared between the two groups.

To compare the tumor response in the high-risk and low-
risk groups, the complete response (CR) or partial response
(PR) from patients in the follow-up duration and intervals
was recorded. The ORRs (proportion of patients with a PR
or CR as the best response) in the two groups were cal-
culated and compared. The maximal percentage reduction
in the size of pancreatic lesions was calculated.

Statistical Analyses

Clinical characteristics between the four cohorts and be-
tween the high-risk and low-risk groups were compared
using the chi-squared test. Univariate logistic analysis was
used to assess the possible association of each predictor of
the outcome variable. The difference in the objective re-
sponse rate (ORR) between the high-risk and low-risk
groups was analyzed using the chi-squared test. The
ROC curve and AUC were applied to evaluate the predictive
power of each model. The Data Supplement describes the
software for statistical analysis.

RESULTS

Patient Characteristics

In the primary cohort in our center, 62.7% (324 of 517
patients) of patients showed SD at the first response
evaluation (Appendix Fig A1A). As per the inclusion criteria,
101 patients (median, 57 years; range, 34-78 years; 58
women) with SD were included and divided into a training
and a validation cohort (Fig 1A). In addition, two testing
cohorts were enrolled as follows: 33 patients from our
center were used as the independent internal testing cohort
and 25 patients from center 2 as the external testing cohort
(Fig 1A). In total, 59.6% and 57.9% of patients in the
internal (Appendix Fig A1B) and external testing cohorts
(Appendix Fig A1C) showed SD at the first response
evaluation, respectively. The baseline characteristics of all
patients are summarized in Table 1. There were no dif-
ferences in clinical characteristics between the training and
validation cohorts.

The median follow-up durations of OS were 11.6 (95% CI,
10.1 to 14.3) months, 13.1 (95% CI, 9.5 to 15.5) months,
10.0 (95% CI, 6.5 to 12.9) months, and 9.4 (95% CI, 6.4 to
11.4) months in the training, validation, internal testing,
and external testing cohorts, respectively. After univariate
analysis, the clinical features showed no correlation with OS
in the training cohort (Data Supplement).

RS Construction

The study workflow is shown in Figure 1B. Of the 1,540
extracted radiomics features, after five selection processes
(Data Supplement and Appendix Fig A2), six texture

features were selected to build the RS. The rad-score was
calculated for each patient using the formula described in
the Data Supplement.

Among the six features, three were features of the gray-level
cooccurrence matrix and the other three were features of
the gray-level run-length matrix. The features were dis-
tributed in each phase, and three (50%) of them were
found in the venous phase. The contributing weight of each
feature in the formula is shown in Appendix Fig A3. The
features of the RS are described in the Data Supplement.

Validation of RS

The ROC curves of the clinical features and radiomicsmodel
are presented in Figure 2. The RS yielded higher AUCs of
0.91 (95%CI, 0.83 to 0.97) and 0.90 (95%CI, 0.79 to 0.99)
in the training and validation cohorts, respectively, com-
pared with those of the T-stage model (AUCs = 0.53 and
0.58 in the training and validation cohorts, respectively), the
CA 19-9 model (AUCs = 0.51 and 0.52, respectively), the
CA19-9 ratiomodel (AUCs = 0.65 and 0.63, respectively), or
the tumor size model (AUCs = 0.55 and 0.42, respectively),
showing favorable predictive efficacy. Two testing cohorts
obtained similar results; the RS yielded higher AUCs of 0.84
(95% CI, 0.68 to 0.99) and 0.87 (95%CI, 0.71 to 1.0) in the
internal and external testing cohorts, respectively. The RS
achieved a sensitivity and specificity of 82% and 86%,
respectively, for predicting a, 1-year OS, at an optimal rad-
score cutoff value of 0.46.

Clinical Use of Decision Curve Analysis

The decision curve analysis (DCA) for the radiomics model
and that for the models with a single clinical predictor (T
stage, CA 19-9 level at baseline, CA19-9 ratio, and tumor
size) are presented in Appendix Fig A4. The final DCA
showed that the radiomics model provided a better net
benefit for predicting a , 1-year OS than the other four
models for threshold probabilities of more than 10%, in-
dicating that, within this range, the rad-score outperformed
the clinical features with more accuracy in a , 1-year OS
prediction.

Comparison of PFS

According to the rad-score cutoff value (0.46), we classified
the patients into a low-risk (rad-score . 0.46) and a high-
risk group (rad-score ≤ 0.46). The median PFSs were 9.0
(95% CI, 5.5 to 18.5) months versus 7.3 (95% CI, 6.1 to
8.8) months (P = .016; training cohort, Fig 3A), 13.5 (5.9 to
16.7) months versus 6.7 (4.8 to 11.3) months (P = .42;
validation cohort, Fig 3B), 9.2 (4.7 to 18.4) months versus
5.9 (4.2 to 7.3) months (P = .026; internal testing cohort,
Fig 3C), and 7.3 (5.1 to 13.3) months versus 6.0 (4.7 to 6.7)
months (P = .15; external testing cohort, Fig 3D) in the low-
risk and high-risk groups, respectively.

There was no significant difference in the first-line che-
motherapy regimens between the high-risk and low-risk
groups in the training (P = .81), validation (P = .65), internal

Yang et al
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TABLE 1. Clinical Characteristics of the Patients

Characteristic
Training

Cohort (n = 70)
Validation

Cohort (n = 31) P
Internal Testing
Cohort (n = 33)

External Testing
Cohort (n = 25) P a

Sex .57 .21

Male 28 15 17 16

Female 42 16 16 9

Age (years) .14 .09

Median (range) 57 (34-78) 57 (41-73) 59 (30-78) 55 (38-66)

, 65 50 27 22 22

≥ 65 20 4 11 3

Tumor location .99 .46

Head or neck 32 14 13 15

Body or tail 38 17 20 10

Tumor size .81 .08

Median (range) 48 (26-102) 45 (25-128) 44 (21-78) 38 (21-79)

, 40 mm 19 7 11 13

≥ 40 mm 51 24 22 12

T stage .56 .02

T2 3 3 2 4

T3 13 6 14 2

T4 54 22 17 19

AJCC stage .41 .06

III 24 14 6 5

IV 46 17 27 20

Multiple organ metastasis .15 .02

Yes 17 3 6 11

No 53 28 27 14

CA 19-9 at baseline (U/mL)b .64 .92

, 450 31 16 14 10

≥ 450 39 15 17 12

CA 19-9 ratioc .48 .47

Median (IQR) –0.03 (–0.45-0.22) –0.01 (–0.37-0.47) –0.05 (–0.7-0.47) –0.33 (–0.64-0.04)

≤ 0.02 43 16 18 16

. 0.02 27 15 13 6

Chemotherapy regimen .11 , .001

Gemcitabine-based 46 14 21 9

FOLFIRINOX or modified FOLFIRINOX 10 5 4 13

SOXIRI 14 12 8 3

OS, median (95% CI), months 11.6 (10.1 to 14.3) 13.1 (9.5 to 15.5) .48 10.0 (6.5 to 12.9) 9.4 (6.4 to 11.4) .18d

Abbreviations: AJCC, American Joint Committee on Cancer; CA 19-9, cancer antigen 19-9; FOLFIRINOX, fluorouracil, leucovorin, irinotecan, and
oxaliplatin; IQR, interquartile range; OS, overall survival; SOXIRI, S-1/oxaliplatin/irinotecan.

aChi-square test for the four groups.
bThe CA 19-9 results at baseline of two patients in the internal testing cohort and three patients in the external testing cohort were missing.
cCA19-9 ratio = (CA19-9 level after chemotherapy – CA 19-9 level at baseline)/CA 19-9 level at baseline. The cutoff value was the mean value of the CA 19-

9 ratio of the training cohort.
dT-test for the two testing cohorts.
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testing (P = .14), and external testing cohorts (P= .08; Table 2
and Data Supplement). Other clinical features showed no
difference between the two groups (Data Supplement).

Serial Tumor Response After Chemotherapy in the

Primary Cohort

As shown in Figures 4 and 5 and Appendix Figure A5, six
and one patient(s) in the low-risk and high-risk groups in
the training cohort achieved the best response of PR after
chemotherapy, respectively; furthermore, four and one
patient(s) in the low-risk and high-risk groups in the testing
cohort achieved the same, respectively. No patients
achieved a PR at . 9 months or a CR in both groups. The
ORRs were 24.0% (6 of 25 patients) and 2.2% (1 of 45

patients) in the low-risk and high-risk groups in the training
cohort (P = .007) and 26.7% (4 of 15 patients) and 6.3% (1
of 16 patients) in the corresponding groups in the validation
cohort, respectively (P = .172; Table 2). For all 12 patients
with PR, the median maximal percentage reduction in the
size of primary pancreatic lesions was 39.2% (range,
19.5%-47.9%).

DISCUSSION

To the best of our knowledge, no previous study has used
radiomics analysis to predict the outcomes in patients with
advanced PAC with SD on the basis of initial CT after first-
line chemotherapy for further risk stratification. In this
study, the majority (62.7%) of patients with advanced PAC
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showed SD on the initial CT after chemotherapy, which
agreed with previously reported results.5,6,8 The high-risk
group had a shorter PFS in the training and internal testing

cohorts and a lower ORR than the low-risk group in the
training cohort; consequently, the high-risk group had
shorter OS than the low-risk group, with marked differences
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FIG 3. PFS of patients stratified by risk classification according to the rad-score (cutoff value, 0.46) in the four cohorts: (A) training, (B)
validation, (C) internal testing, and (D) external testing cohorts. PFS, progression-free survival.

TABLE 2. Comparison of the Tumor Response Between the High-Risk and Low-Risk Groups in the Primary Cohort

Comparison Variables

Training Cohort Validation Cohort

Low-Risk Group
(n = 25)

High-Risk Group
(n = 45) P

Low-Risk Group
(n = 15)

High-Risk Group
(n = 16) P

Chemotherapy regimens, No. (%) .81 .65

Gemcitabine-based 17 (68.0) 29 (64.4) 6 (40.0) 8 (50.0)

FOLFIRINOX or modified FOLFIRINOX 4 (16.0) 6 (13.3) 1 (6.7) 2 (12.5)

SOXIRI 4 (16.0) 10 (22.2) 8 (53.3) 6 (37.5)

ORR 6 of 25 1 of 45 .007 4 of 15 1 of 16 .172

Proportion of patients who remained with SD at
8 months

3 of 25 8 of 45 .735 5 of 15 2 of 16 .22

Proportion of patients with PD during the
8-month follow-up

10 of 25 14 of 45 .60 3 of 15 10 of 16 .029

Bold indicates P , .05.
Abbreviations: FOLFIRINOX, fluorouracil, leucovorin, irinotecan, and oxaliplatin; ORR, objective response rate, proportion of patients with a partial

response or complete response as the best response; PD, progressive disease; SD, stable disease; SOXIRI, S-1/oxaliplatin/irinotecan.
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in the outcomes among patients with SD. The present RS
demonstrated favorable predictive efficacy and can help on-
cologists to devise individualized therapy in patients with SD.

The lack of specific biomarkers for predicting the outcomes of
patients with advanced PAC who underwent chemotherapy
remains one of the biggest barriers to improve the outcomes of
advanced PAC. In these patients with SD, we found that the
tumor size, age, sex, and CA19-9 levels at baseline were not
related to the OS. In contrast to the above parameters, the RS
was strongly and significantly prognostic: the high-risk group
had shorter survival outcomes than the low-risk group. Recent
studies have shown that higher tumor heterogeneity was
positively correlated with a poor response to chemotherapy or
chemoradiotherapy in patients with PAC.21,22

In this study, the parameters in the RS were part of the gray-
level co-occurrence matrix and gray-level run-length matrix;
these are also known as second-order texture features. The
superiority of these features can be explained by the fact that
they capture the spatial arrangement and distribution of in-
tensities within the target lesions. Moreover, half of the six
parameters were present in the venous phase, and the first

two parameters with the largest weight coefficient were also in
the venous phase. This may be associated with the abundant
interstitial fibrosis and delayed enhancement of pancreatic
cancer. The heterogeneity of density in the venous phase
leads to differences in tumor heterogeneity. This group of
features was also the most frequently observed significant
radiomics features in PAC in previous studies.23,24,32 The
above data could partially explain why the RS could predict
the outcome after chemotherapy well. Taken together, the RS
could help oncologists to improve treatment decisions by
identifying patients who will not benefit from current che-
motherapy, but who may benefit from a more aggressive
treatment approach or enrollment in a clinical trial.

Furthermore, one of the major merits of the widely used
efficacy evaluation method, the RECIST, was indepen-
dence of the types of chemotherapy regimens. Our analysis
showed that the RS was not related to the clinical char-
acteristics and chemotherapy regimens, suggesting that
the RS could also be clinically useful for further efficacy
evaluation and prediction in patients with advanced PAC
and SD after chemotherapy.
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FIG 4. Serial tumor response after chemotherapy according to risk stratification in the training cohort. The objective response rates were
24.0% (6 of 25 pts) and 2.2% (1 of 45 pts) in the low-risk and high-risk groups in the training cohort (P = .007), respectively. For a tumor
response beyond 9 months, only the final outcomes were recorded in the diagram. CT, computed tomography; PD, progressive disease; PR,
partial response; pts, patients; SD, stable disease.
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Moreover, after continuous efficacy evaluation, we found
that the ORR in the high-risk group was markedly lower
than that in the low-risk group (2.2% v 24.0% in the training

cohort). These findings indicated that the patients in the
high-risk group have a significantly lower probability of
achieving PR than those in the low-risk group. More
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FIG 5. The tumor response after che-
motherapy in patients in the (A) low-risk
and (B) high-risk groups. The detailed
legends of each image are described in
the Data Supplement.
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specifically, as only a few patients (1 of 45 patients, training
cohort) in the high-risk group achieved PR, it may suggest
that when patients with SD are classified into the high-risk
group at first evaluation, they may need a more aggressive
treatment approach rather than continuing the current
treatment to improve the outcomes. Moreover, considering
the difference in ORR in the low-risk and high-risk groups, it
is worth exploring the application of radiomics analysis in
the neoadjuvant chemotherapy of PAC in the future.

Our study has some limitations. First, it was a retrospective
study. Prospective studies with more patients are necessary to
verify and to improve this RS. Second, CT radiomics analysis
was manually performed on a single section of the largest
cross-section of the tumor although the potential heteroge-
neity within tumors might influence the results. In the future,
automatic delineation of the whole tumor region of interest,

supplemented by manual correction, should be used, which
would efficiently promote the translation of radiomics bio-
markers into daily practice and clinical trials. Furthermore, the
prognostic value of a RS on the basis of the baseline CT scans
was not evaluated. Future studies are warranted to determine
the performance of a baseline CT signature versus the post-
treatment signature and the delta RS (using delta radiomics
analysis on the basis of the baseline and initial post-therapy CT
data) in predicting the outcomes of patients after chemo-
therapy. It is alsoworth exploring the prognostic significance of
the radiomics analysis in PR and PD subgroups in the future.

In conclusion, in this study, we generated a RS in patients
with advanced PAC and SD disease after first-line che-
motherapy. The RS demonstrated favorable predictive ef-
ficacy to allow further risk stratification, which would assist
oncologists in individualized treatment decision making.
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APPENDIX

Patients with pathologically proven APC
(January 2013-December 2020)

in center 2 (n = 252)

Patients who can be evaluated at first
follow-up examination after

chemotherapy (n = 178)

Patients with SD (n = 103)

Patients included (n = 25)

External testing cohort
(n = 25)

Excluded cases (n = 74)
Patients who received prior treatment in other hospitals
Patients without baseline imaging or without follow-up CT from
center 2

Excluded cases
Patients who showed PR (n = 29) or PD (n = 46)

Excluded cases (n = 78) 
First follow-up scanning with MRI  
Patients who received other treatments (operation, radiotherapy, etc
Follow-up duration less than 1 year and patients lost to follow-up

C

Patients with pathologically proven APC
(August 2010-March 2020) in center 1

(N = 623)

Patients who can be evaluated at first
follow-up examination after

chemotherapy (n = 517)  

Patients with SD (n = 324) 

Patients included in the study (n = 101)

Training cohort (n = 70) Validation cohort (n = 31)

Excluded cases (n = 106) 
Patients who received prior treatment in other hospitals or received 
       incomplete first-line chemotherapy
Patients without baseline imaging data from our center
Patients without follow-up imaging from our center or patients for 
       whom the interval from the start of chemotherapy to the first 
       follow-up CT was > 3 months

Excluded cases
Patients who showed PR (n = 94) or PD (n = 99)

Excluded cases (n = 223) 
Pancreatic tumor size was < 20 mm
First follow-up scanning with MRI, or the patient with
incomplete CT images
Patients who received other treatments (operation, radiotherapy, CT- 
guided percutaneous NanoKnife ablation, etc
Follow-up duration less than 1 year and patients lost to follow-up

A

Patients with pathologically proven APC
(April 2020-April 2021)

in center 1 (n = 180)

Patients who can be evaluated at first
follow-up examination after

chemotherapy (n = 141)

Patients with SD (n = 84)

Patients included (n = 33)

Internal testing cohort
(n = 33)

Excluded cases (n = 39) 
Patients who received prior treatment in other hospitals
Patients without baseline imaging data from our center
Interval from the start of chemotherapy to the first follow-up CT
     > 3 months

Excluded cases
Patients who showed PR (n = 32) or PD (n = 25)

Excluded cases (n = 51) 
First follow-up scanning with MRI
Patients who received other treatments (operation, radiotherapy, CT- 
       guided percutaneous NanoKnife ablation, etc
Follow-up duration less than 1 year and patients lost to follow-up

B

FIG A1. CONSORT diagram of patients’ recruitment in the (A) primary cohort, (B) internal testing cohort, and (C) external testing cohort. APC, advanced
pancreatic adenocarcinoma; CT, computed tomography; MRI, magnetic resonance imaging; PD, progressive disease; PR, partial response; SD, stable
disease.
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