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Relationship Between Radiomics and Risk of Lymph Node
Metastasis in Pancreatic Ductal Adenocarcinoma
Yun Bian, MD, PhD,* Shiwei Guo, MD, PhD,† Hui Jiang, MD, PhD,‡ Suizhi Gao, MMS,†
Chenwei Shao, MD, PhD,* Kai Cao, MD, PhD,* Xu Fang, MMS,* Jing Li, MD, PhD,* Li Wang, MD, PhD,*

Wenda Hua, MMS,§ Jianming Zheng, MD, PhD,‡ Gang Jin, MD, PhD,† and Jianping Lu, MD, PhD*
Objective: The objective of this study was to explore the exact relation-
ship between the arterial radiomics score (rad-score) and lymph node (LN)
metastasis in pancreatic ductal adenocarcinoma (PDAC).
Methods: A total of 225 patients with pathologically confirmed PDAC
who underwent multislice computed tomography within 1 month of resec-
tion from December 2016 to August 2017 were retrospectively studied. For
each patient, 1029 radiomics features of arterial phase were extracted, which
were reduced using the least absolute shrinkage and selection operator logis-
tic regression algorithm.Multivariate logistic regression models were used to
analyze the association between the arterial rad-score and LN metastasis.
Results: Lymph node–negative and LN-positive patients accounted for
107 (47.56%) and 118 (52.44%) of the cohort, respectively. The rad-score,
which consisted of 12 selected features of the arterial phase, was significantly
associated with LN status (P < 0.05). Univariate analysis revealed that the
arterial rad-score and T stagewere independently and positively associated
with risk of LNmetastasis (P < 0.05). Multivariate analyses revealed a sig-
nificant association between the arterial rad-score and the LN metastasis
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(P < 0.0001). Higher arterial rad-score was associated with LN metastasis
(P for trend <0.0001).
Conclusions: The arterial rad-score is independently and positively asso-
ciated with the risk of LN metastasis in PDAC.

Key Words: pancreatic neoplasm, carcinoma, pancreatic ductal
adenocarcinoma, lymph nodes, computed tomography, radiomics

(Pancreas 2019;48: 1195–1203)
P ancreatic cancer is highly lethalwith a mortality rate that closely
parallels its incidence.1,2 Surgical resection is regarded as the

only potentially curative treatment that can result in significantly
longer survival periods compared with other treatment options.
Unfortunately, not all patients with pancreatic ductal adenocarcinoma
(PDAC) can benefit from the pancreatic radical surgery owing
to the peculiar features of this tumor that is already lymph node
(LN) metastatic at the time of diagnosis. The LNmetastasis is ob-
served in more than 70% of resected ductal adenocarcinomas and
is present even when the primary tumor is smaller than 2 cm in
size.3 The LN variables constitute one of the most important sole
predictors of survival, which can be accurately evaluated via post-
operative pathological examination. However, preoperative predic-
tion of the nodal status is difficult, even with the most sophisticated
radiological techniques.4

Endoscopic ultrasonography–guided fine-needle aspiration
(EUS-FNA) is considered a fairly sensitive tool for distinguishing
the LN metastasis from the pancreatic lesions. However, EUS-FNA
is an invasive diagnostic tool that is expensive and time-consuming
with a significant risk of complications.5,6 Magnetic resonance im-
aging also has several limiting factors for determining the LN status
in clinical settings, including spatial resolution problems, motion
artifacts, and dose-dependent oversaturation artifacts.7 Multislice
computed tomography (MSCT) is the best initial diagnostic test
for pancreatic cancer. However, a meta-analysis that investigated ef-
ficacy of computed tomography (CT) for assessing the extraregional
LN metastasis in pancreatic and periampullary cancers yielded a
pooled sensitivity of 25% and a positive predictive value of 28%.8

The important clinical objectives, including differentiation of reac-
tive, inflammatory lymphadenopathy from malignant lymphadenop-
athy and detection/visualization of the metastatic LNs could not be
achieved by this technique.

Radiomics is an emerging field that involves conversion of
imaging data into a high-dimensional mineable feature space using
a large number of automatically extracted data-characterization al-
gorithms.9,10 It provides a noninvasive method for LN metastasis
prediction.11–15 However, only a few studies have focused on the
association between radiomics and the LN metastasis in PDAC.

Thus, the primary objective of our study was to evaluate
whether the arterial radiomics score (rad-score) of PDAC was as-
sociated with LN metastasis on preoperative MSCT.
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MATERIALS AND METHODS

Patients
This retrospective single-center study was reviewed and ap-

proved by the Biomedical Research Ethics Committee of the Navy
Military Medical University of the Chinese People's Liberation
Army. Patients were excluded from the study cohort if one of
the following criteria was met: patients who did not have a preop-
erative standard contrast-enhanced MSCT, did not have enhanced
MSCTwithin a month before surgery, had received any treatment
(radiotherapy, chemotherapy, or chemoradiotherapy) before their
imaging studies were performed, had not undergone surgical
treatment, were not diagnosed with PDAC by both hematoxylin
and eosin staining and immunohistochemistry, had pathologi-
cally confirmed PDAC with mixed differentiation, had pancre-
atic lesions that could not be visualized in MSCT images, had
other tumors in the pancreas, or did not have preoperative serum
carbohydrate antigen (CA) 19-9 concentration, were excluded
from the study. Consequently, a total of 225 consecutive patients
with PDAC, 137 males (mean age, 60.02 years; age range, 31–
77 years) and 88 females (mean age, 63.28 years; age range,
32–80 years), were included in this cross-sectional study at
our institution. Data were gathered from records January 2014
to December 2017. A flowchart of the study population is pre-
sented in Figure 1.
CT Scanning
A 640-slice CT scanner (Aquilion ONE, Canon Medical

Systems, Tokyo, Japan) was used. The CT scan parameters were
as follows: 120 kV, 150 effective mAs, beam collimation of
FIGURE 1. The patient enrolment process for this study.
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100 � 0.5 mm, a matrix of 350� 350, and a gantry rotation time
of 0.5 seconds. After performing a nonenhanced CT, a dynamic
contrast-enhanced CT scan was performed. The scan delayed time
was determined according to the test bolus. The contrast agent,
90 to 95 mL of 355 mgI/mL iopromide (Ultravist 370, Bayer
Schering Pharma, Berlin, Germany), was injected at a rate of
5.5mL/s using a high-pressure syringe via the forearm vein followed
by 98 mL of normal saline to flush the tube. The contrast-enhanced
CT scan was performed in arterial (20–25 seconds), portal venous
(60–70 seconds), and delayed (110–130 seconds) phases after the
contrast agent injection. The scanning range extended from the
level of the diaphragm to the level of the pelvis.

Radiomics Workflow
The radiomics workflow included (a) image segmentation, (b)

feature extraction, and (c) feature reduction and selection (Fig. 2).

Image Segmentation, Radiomics Feature
Extraction, and Radiomics Signature Building

In this study, the original cross-sectional arterial images were
used for subsequent analysis. The draw tool available in the Editor
module of the 3D Slicer (version 3.3.3; Boston, Mass) (open
source software, https://www.slicer.org/) was used to delineate
the tumors in multiple slices. In this study, the volume of interest
was extracted by stacking the corresponding regions of interest
delineated slice-by-slice for each patient.

Radiomics feature extraction was conducted using an
open source Python package, Pyradiomics 1.2.0 (http://www.
radiomics.io/pyradiomics.html).16 The feature extractionmethods
used in this study included 2 categories: original feature classes
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Radiomics workflow.
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and filter classes. The filter classes further included 5 categories:
wavelet, square, square root, logarithm, and exponential. A total
of 1029 2-dimensional and 3-dimensional features from primary
tumors in arterial phase were extracted and divided into 5 groups:
(a) first-order statistics, (b) shape features, (c) gray-level cooccur-
rence matrix features, (d) gray-level size zone matrix features, and
(e) gray-level run-length matrix features. More information about
the procedures for image segmentation and radiomics feature
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
extraction is reported in Supplemental Digital Content 1 (http://
links.lww.com/MPA/A740).

To assess interobserver reliability, the region of interest seg-
mentation was performed in a blinded fashion by 2 radiologists,
reader 1 (L.W., with 30 years of experience in imaging) and reader
2 (X.F., with 5 years of experience in imaging). Both were aware
of PDAC diagnosis but were blinded to the clinical and pathologic
details. To evaluate intraobserver reliability, reader 1 repeated the
www.pancreasjournal.com 1197
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feature extraction twice in a 1-week period. Reader 1 completed
the remaining image segmentations, and the readout sessions were
conducted over a period of 1 month. The reliability was calculated
by using intraclass correlation coefficient. Radiomic features with
both intraobserver and interobserver intraclass correlation coeffi-
cient values greater than 0.75 (indicating excellent stability) were
selected for subsequent investigation (Supplemental Digital Con-
tent 2, http://links.lww.com/MPA/A740).

Because the radiomics features were very high-dimensional
compared with the sample size, the feature selection consisted of
3 steps. First, variance analysis was performed, and features with
low variance among the groups were removed. Second, Pearson
correlation analysis was performed, and features with no signifi-
cant correlation between radiomics features and the LNmetastasis
were removed. Finally, the least absolute shrinkage and selection
operator (LASSO) logistic regression algorithm, suitable for per-
forming regression analysis of high-dimensional data, was used
to select the most useful associated features.17 The LASSO logis-
tic regression modelwas usedwith a penalty parameter tuning that
was conducted by a 10-fold cross-validation based on minimum
criteria. A rad-score was calculated for each patient via a linear
combination of selected features that were weighted by their re-
spective coefficients.More information about the feature selection
can be found in Supplemental Digital Content 3 (http://links.lww.
com/MPA/A740).

Pathological Image Analysis
All the specimens were analyzed by a specialized pathologist.

Pathological examination and analysis were standardized according
to a formal protocol.3 The resected specimens were immediately
fixed in formalin for 24 hours. Subsequently, theywere cut horizon-
tally into 5-mm tissue blocks that were dehydrated and embedded in
paraffin. Finally, 5-μm large sectionswere stainedwith hematoxylin
and eosin for conventional histology. Each large section was care-
fully examined by light microscopy. Tumor-node-metastasis staging
was performed on the basis of the American Joint Committee on
Cancer TNM Staging Manual, Eighth Edition.18

Statistical Analyses
Normal distribution and variance homogeneity tests were

performed on all continuous variables. Continuous variables with
TABLE 1. Baseline Characteristics of Patients With PDAC

Characteristics LN Negative (n = 107

Age, mean (SD), y 62.39 (7.58)
BMI, mean (SD), kg/m2 22.73 (2.84)
Sex, n (%)
Male 63 (58.88)
Female 44 (41.12)

CA 19-9, median (range), μg/L 332.12 (48.45–1134.70
Location, n (%)
Head 60 (56.07)
Body and tail 47 (43.93)

T stage, n (%)
T1 19 (17.76)
T2 20 (18.69)
T3–4 68 (63.55)

Grade of differentiation, n (%)
Well to moderately 88 (82.24)
Poorly to undifferentiated 19 (17.76)
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a normal distribution were expressed as mean and standard devia-
tion; otherwise, they were expressed in terms of median and inter-
quartile range. The arterial rad-score was expressed as 10 times.
First, we examined group differences in terms of age, sex, body
mass index (BMI), CA 19-9 level, tumor location, tumor (T)
grade, grade of differentiation, and the arterial rad-score between
LN-positive and LN-negative patients. Student t test (normal dis-
tribution), Kruskal-WallisH test (skewed distribution), andχ2 test
(categorical variables) were used to determine the statistical differ-
ences between the 2 groups. Second, patientswere categorized into
quartiles (Q1 < −1.68, Q2 [−1.68 to −0.14], Q3 [−0.14 to 1.33],
and Q4 ≥ 1.33) on the basis of the arterial rad-score, with Q1 as
the reference group. Univariate regression analysis was applied
to estimate the effect size between all variables and the LNmetastasis.
Third, the subgroup analyses were performed using stratified linear
regression models for the all covariables. The following potential-
effect modifiers were considered: age (<59, 59–66, ≥66 years),
sex, BMI (15.04–21.48, 21.5–23.83, 23.88–32.46 kg/m2), CA 19-9
level (≤37, >37 μg/L), tumor location, T stage, and grade of
differentiation. Lastly, multivariable logistic models were used
to evaluate the associations between exposure (the arterial rad-score)
and outcome (LNmetastasis), and in an age-, sex-, andBMI-adjusted
model 2, and further adjusting for CA 19-9-, tumor location-,
T stage-, and grade of differentiation–adjusted model 3. P values
for trend among various arterial rad-score were derived from the
generalized linear regression models, assuming equally spaced
levels for 4 groups. The interaction of subgroup was inspected
by the likelihood ration test.

A 2-tailed P value of <0.05 was considered statistically sig-
nificant. All analyses were performed with SPSS (version 20.0,
IBM, Inc, Armonk, NY), R software (version 3.3.3, The R Founda-
tion for Statistical Computing, Vienna, Austria), and EmpowerStats
(X&Y Solutions, Inc, Boston, Mass).

RESULTS

Clinical Characteristics
The LN-negative and the LN-positive patients accounted for

47.56% (107) and 52.44% (118) of the study cohort, respectively.
There was a significant difference in T stage between the LN-
positive and the LN-negative patients. However, there were no
) LN Positive (n = 118) P

60.31 (9.59) 0.073
22.58 (2.54) 0.667

74 (62.71) 0.556
44 (37.29)

) 299.48 (82.39–1200.00) 0.656

74 (62.71) 0.31
44 (37.29)

8 (6.78) 0.037
28 (23.73)
82 (69.49)

97 (82.20) 1.0
21 (17.80)

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Radiomic features selected by LASSO regularization.
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significant differences in age, sex, CA 19-9 level, tumor location,
or grade of differentiation (P > 0.05) between the 2 groups. The
patient characteristics are shown in Table 1.

Radiomics Analysis
A total of 1029 radiomics features from the arterial phase of

CTwere extracted and grouped on the basis of the LN metastasis.
However, the radiomics features that were not significantly differ-
ent between the groups or did not have significant correlations
with the LNmetastasiswere removed. Consequently, 84 radiomics
features were selected from the arterial phase that were further
reduced using a LASSO logistic regression model. Finally, the
FIGURE 4. Combo chart of rad-scores by the LASSO regression formula a
plot and the density plot.

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
radiomics characteristics were reduced to 12 features (Fig. 3).
The LASSO logistic regression formula was used to obtain the
rad-score for the arterial phase. The rad-score calculation formula
is presented in Supplemental Digital Content 3 (http://links.lww.
com/MPA/A740). There was a significant difference in rad-
scores during the arterial phase between the LN-positive and the
LN-negative patients (P = 0.002) (Fig. 4).
Univariate Analysis for Each Parameter Variable
The results of univariate analysis are shown in Table 2. They

demonstrate that the arterial rad-score (P < 0.0001) and the T
mong the arterial phases of CT. Combo chart includes both the box

www.pancreasjournal.com 1199
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TABLE 2. The Result of Univariate Analysis

Variables Statistics OR (95% CI) P

Rad-score, median (IQR) −0.12 (−1.68 to 1.39) 1.42 (1.23–1.63) <0.0001
Rad-score, n (%)
Q1 56 (24.89) 1.0 (Reference)
Q2 56 (24.89) 2.14 (0.98–4.63) 0.05
Q3 56 (24.89) 2.84 (1.31–6.18) 0.01
Q4 57 (25.33) 7.05 (3.07–16.15) <0.0001

Age, y, n (%)
<59 73 (32.44) 1.0 (Reference)
59–66 71 (31.56) 0.61 (0.31–1.17) 0.14
≥66 81 (36.00) 0.75 (0.40–1.42) 0.38

Sex, n (%)
Male 137 (60.89) 1.0 (Reference)
Female 88 (39.11) 0.85 (0.50–1.46) 0.56

BMI, kg/m2, n (%)
15.04–21.48 75 (33.33) 1.0 (Reference)
21.5–23.83 74 (32.89) 0.79 (0.41–1.50) 0.46
23.88–32.46 76 (33.78) 0.97 (0.51–1.84) 0.93

CA 19-9, μg/L, n (%)
≤37 44 (19.56) 1.0 (Reference)
>37 181 (80.44) 1.26 (0.65–2.45) 0.49

Location, n (%)
Head 134 (59.56) 1.0 (Reference)
Body and tail 91 (40.44) 0.76 (0.45–1.29) 0.31

T stage, n (%)
T1 27 (12.00) 1.0 (Reference)
T2 48 (21.33) 3.32 (1.22–9.09) 0.02
T3–4 150 (66.67) 2.86 (1.18–6.95) 0.02

Grade of differentiation, n (%)
Well to moderately 185 (82.22) 1.0 (Reference)
Poorly to undifferentiated 40 (17.78) 1.00 (0.51–1.99) 0.99

Patients were categorized into quartiles of rad-score (Q1 < −1.68, Q2 [−1.68 to −0.14], Q3 [−0.14 to 1.33], and Q4 ≥ 1.33).

IQR indicates interquartile range.

Bian et al Pancreas • Volume 48, Number 9, October 2019
stage (P = 0.02) were significantly associated with an increased
risk for the LN metastasis.

Stratified Analysis of LN Metastasis
Stratified analyses revealed that the impact of the arterial rad-

score on the LNmetastasis was not affected by age, sex, BMI, CA
19-9 level, tumor location, T stage, or grade of differentiation (P
for interaction = 0.56, 0.28, 0.95, 0.51, 0.09, 0.76, and 0.99, re-
spectively). The trend of an increasing arterial rad-score with a
higher likelihood of LN metastasis among age groups of younger
than 59 years and 66 years and older, sex, BMI, CA 19-9 level
higher than 37 μg/L, tumor location, T2 to T4 stage, and grade
of differentiation (P for trend <0.05). The results of stratified anal-
ysis are shown in Table 3.

Multivariate Analyses
In the crude model (model 1), the arterial rad-score correlated

with LN metastasis (P < 0.0001; odds ratio [OR], 1.42; 95% con-
fidence interval [CI], 1.23–1.63). In the minimally adjusted model
(adjusted for age, sex, and BMI; model 2), the effect size also had a
significant correlation with LN metastasis (P < 0.0001; OR, 1.44;
95% CI, 1.25–1.66). After further adjusting other covariates (fully
1200 www.pancreasjournal.com
adjusted, model 3), significant correlation could still be identified
(P < 0.0001; OR, 1.43; 95% CI, 1.23–1.66). Furthermore, we
treated the arterial rad-score as a categorical variable (quartile)
for sensitivity analysis and observed the same trend (P for trend
<0.0001). The results of multivariate analysis are shown in Table 4.
DISCUSSION
The present study aimed to examine the relationship between

the arterial rad-score and LNmetastasis among patientswith PDAC.
As shown by the fully adjusted model (model 3), the arterial rad-
score was significantly associated with LN metastasis. High-risk
patients had a 1.43-fold increased risk of LN metastasis than that
of low-risk patients. Arterial rad-score as a categorical variable
(quartile) revealed 2.16-, 2.74-, and 7.43-fold increased risk of
LN metastasis in Q2, Q3, and Q4, respectively, compared with
that in Q1. Hence, a higher arterial rad-score was associated with
a higher risk of LN metastasis (P for trend <0.001).

Pancreatic ductal adenocarcinoma is characterized by an ex-
tremely high mortality rate and a poor prognosis, which are largely
attributed to the difficulties associated with early diagnosis and
limited therapeutic options. The number of positive LNs has been
shown as a crucial and independent prognostic factor for an overall
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 4. Relationship Between the Arterial Rad-score and LN Metastasis in Different Models

Variable

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Rad-score 1.42 (1.23–1.63) <0.0001 1.44 (1.25–1.66) <0.0001 1.43 (1.23–1.66) <0.0001
Rad-score
Q1 1.0 (Reference) 1.0 (reference) 1.0 (Reference)
Q2 2.14 (0.98–4.63) 0.050 2.31 (1.04–5.11) 0.039 2.16 (0.97–4.84) 0.060
Q3 2.84 (1.31–6.18) 0.008 3.32 (1.49–7.41) 0.003 2.74 (1.22–6.14) 0.014
Q4 7.05 (3.07–16.15) <0.0001 7.60 (3.26–17.71) <0.0001 7.43 (3.12–17.72) <0.0001

P for trend <0.0001 <0.0001 <0.0001

Patients were categorized into quartiles of radiomics score (Q1 < −1.68, Q2 [−1.68 to −0.14], Q3 [−0.14 to 1.33], and Q4 ≥ 1.33). Model 1, we did not
adjust for other covariants. Model 2, we adjusted for age, sex, and BMI. Model 3, we further adjusted for CA 19-9, location, T stage, and pathologic grade.
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survival in PDAC patients.19 Pancreatectomy is the most effective
method to improve the long-term survival of PDAC patients. How-
ever, whether or not pancreatectomy should include a standard or
an extended lymphadenectomy is still debated.20,21 Thus, an accu-
rate preoperative LN staging of PDAC is essential for providing
patients with an appropriate counsel regarding surgical decisions
and prognosis. However, it is difficult to achieve an accurate pre-
operative LN staging with the currently available methods.

Endoscopic ultrasound–guided fine-needle aspiration is con-
sidered a fairly sensitive tool for detection of the pancreatic le-
sions and offers diagnostic value for both the primary tumor and
the LN metastasis.5,6 It can be used to obtain a piece of tissue that
can provide sufficient histological information for the diagnosis of
peripancreaticobiliary LN. For FNA of LNs, the amount of tissue
acquired is usually adequate, wherein suction is not recommended
to reduce blood contamination.22 In addition, EUS-FNA is affected
by various factors, such as the scope position,23 lesion characteris-
tics, lesion environment, and evaluating pathologist.23–26 Positron
emission tomography/CT may be useful for identification of the
most suspicious nodes for biopsy; however, its use is limited for
evaluating small-volume diseases and cannot differentiate between
inflammatory lymphadenopathy and metastatic lymphadenopa-
thy.27 Similarly, magnetic resonance imaging has several limiting
factors associated with determination of LN status in clinical set-
tings, namely, spatial resolution problems, motion artifacts, and
dose-dependent oversaturation artifacts.7 Thus, the most widely
used preoperative staging modality for pancreatic cancer is CT.28,29

Computed tomography can accurately assess tumor size and vessel
involvement; however, its diagnostic accuracy is low owing to poor
sensitivity.8 An LN diameter of more than 10 mm is considered
as the criterion for LN metastasis in many studies; however, it
has poor sensitivity (20%–38%) .30–33 The criteria for metastatic
LNs also include nonuniform density, nonuniform enhancement,
internal necrosis, LN fusion, ill-defined borders, or involvement
of the surrounding organs or blood vessels.18,34 However, the
abovementioned diagnostic criteria also yield low diagnostic ac-
curacy and sensitivity.

There are several main limitations of the preoperative imag-
ing studies of LNs. First, it is difficult to establish one-to-one cor-
relation between the LN imaging findings and the pathological
evidence of LN metastasis. Second, CT provides limited visualiza-
tion to identify metastatic LNs. Finally, there is no significant cor-
relation between the LNmetastasis, and the clinical and pathologic
characteristics of PDAC patients. In addition, local inflammation
secondary to malignant biliary obstruction may independently
result in enlarged LNs.35 In the current study, we found that there
was no significant correlation between the LN metastasis and
1202 www.pancreasjournal.com
age, sex, BMI, CA 19-9 level, tumor location, and grade of dif-
ferentiation. Thus, a study exploring the radiologic signature as-
sociated with the LN metastasis is urgently needed. In our study,
the arterial rad-score was independently and positively associ-
ated with the risk of LN metastasis both as a continuous variable
and a categorical variable (P < 0.05).

At present, there are only a few studies that have predicted
LNmetastasis using radiomics. Wu et al11 and Ji et al15 developed
and validated a radiomics nomogram that incorporated the radiomics
signature and CT-reported LN status. They showed good calibration
and discrimination in training and validation sets in cases with co-
lorectal cancer and biliary tract cancer, respectively. Huang et al13

also developed and validated a radiomics nomogram that included
the radiomics signature, carcinoembryonic antigen level, and
CT-reported LN status; the prediction model yielded a C-index
of 0.736 (95% CI, 0.730–0.742) in a training set and 0.778
(95% CI, 0.769–0.787) in a validation set. Although these stud-
ies developed a prediction model, the exact relationship between
the rad-score and the LN metastasis remained unknown. In the
current study, we found that the arterial rad-score and the T stage
are independently and positively associated with the risk of LN
metastasis (P < 0.05) by univariate analysis. Moreover, the strat-
ified analysis showed that the impact of the arterial rad-score on
LNmetastasis was not affected by age, sex, BMI, CA 19-9 level,
tumor location, T stage, or grade of differentiation (P for interaction
<0.05). A significant association between the arterial rad-score and
LN metastasis (P < 0.0001; OR, 1.43; 95% CI, 1.23–1.66) was
found by a model adjusted for age, sex, BMI, CA 19-9, location,
T stage, or grade of differentiation on multivariate analyses. Thus,
a higher arterial rad-score was associated with a higher risk of LN
metastasis (P for trend <0.001).

Our study has some limitations. First, this study was retro-
spective in nature. Second, the possibility of LN micrometastasis
in patients with node-negative disease cannot be excluded. Third,
the CT-reported LN status was not treated as a covariate, as it is
difficult to establish one-to-one correlation between the LN imag-
ing findings and the pathological evidence of LN metastasis.

Thus, in the future, we will combine the rad-score with
clinical, pathologic, and genetic features to develop a prediction
model. Furthermore, a multicenter study with a larger sample
size is needed to acquire high-level evidence for the clinical ap-
plication of the arterial rad-score.

In conclusion, the arterial rad-score has significant asso-
ciation with the risk of LN metastasis in PDAC. A higher arterial
rad-score is associated with a higher risk for LNmetastasis. Thus,
radiomics analysis may be a promising noninvasive method for as-
sessment of LN metastasis.
© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.
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