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Background: Irreversible electroporation (IRE) is a novel treatment for locally advanced
pancreatic cancer (LAPC), but the predictive factors, based on cytokines and immunocytes of
survival, are still lacking. This study aimed to establish a risk model based on cytokines and
immunocytes for LAPC patients undergoing IRE treatment.

Patients and Methods: Peripheral blood samples were obtained from 31 LAPC patients
and 8 healthy control subjects before IRE. The phenotypes of lymphocytes were analyzed by
flow cytometry, and the cytokines were evaluated with Luminex microarray assay. Least
absolute shrinkage and selection operator (LASSO) and Cox regression were applied to
assess the prognostic factors for overall survival (OS) and progression-free survival (PFS).
A receiver operating characteristic (ROC) curve and a concordance index (C-index) were
used to compare the abilities to predict survival rates.

Results: The relationship between multiple cytokines and clinical factors was evaluated and
their prognostic value was compared. The five best predictors for OS and PFS, including
CA19-9, CD3"CD4" T cells, CD3"CD8" T cells, IL-17A, and TNF-a were selected and
incorporated into a new immune panel. A risk model based on this immune panel was
established and exhibited significantly higher values of C-indexes and AUC for OS and PFS
prediction as compared with tumor marker score and TNM stage system.

Conclusion: We presented a risk model based on a microarray assay of cytokines and
lymphocytes for LAPC patients after receiving IRE treatment for the first time. The estab-
lished risk model showed relatively good performance in survival prediction and was able to
facilitate tailed patient management in clinical practice.

Keywords: irreversible electroporation, locally advanced pancreatic cancer, cytokine,
lymphocyte, prognosis

Introduction

Pancreatic cancer (PC) is the third leading cause of cancer mortality, and the survival
rates of patients with PC have not improved significantly over the years.' Surgery has
provided the best chance for prolonged survival although only 20% of patients are
eligible for surgical resection at diagnosis.” PC can be clinically classified as resect-
able, borderline resectable, locally advanced, and metastatic ones according to the
involvement of collateral blood vessels or the status of metastasis. Locally advanced

pancreatic cancer (LAPC) represents almost 40% of all PCs and chemotherapy is the
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main treatment for LAPC in clinical practice.* However,
chemotherapy has been shown to have relatively low
response rates and a limited increase in survival rates for
LAPC patients.” Also, the transformation rates from LAPC
to resectable forms after chemotherapy were not high.®’
Therefore, the unmet need for effective treatment has
prompted researchers to develop novel therapies for LAPC.
Considering more than 30% of LAPC patient’s deaths result
from primary tumor progression,™’ local destructive thera-
pies are playing an increasingly important role in the treat-
ment of LAPC.

Irreversible electroporation (IRE) is a novel, predomi-
nantly non-thermal ablative method that induces tumor
death without
Previous studies have consolidated the role of IRE in the
treatment of LAPC, and found that IRE combined with
chemotherapy resulted in significantly higher survival

cell destroying adjacent structures.

rates for LAPC patients compared with chemotherapy
alone or chemoradiotherapy.'®'® Additionally, several stu-
dies have shown that the most common pattern of recur-
rence for LAPC patients after IRE was distant metastasis,
which was also a major factor in decreased survival
rates.'®'> The early detection or prediction of tumor pro-
gression is necessary for the choice of adjuvant intensified
treatment. However, there are little data on the predictive
factors of tumor progression and survival for LAPC
patients undergoing IRE treatment. The regulatory evalua-
tion of tumor response with imaging after IRE was only
available two months after initial IRE therapy. Compared
with radiological evaluation, circulating immune cells or
cytokine markers may be the promising ones given their
relationship with the tumor itself and the immunological
response of the organism to treatment.

Using the large amount of data on immune cells and
cytokines for LAPC patients who received IRE treatment,
we aimed to evaluate the relationship between immune
cells and cytokines and determine the prognostic value of
these factors in terms of tumor progression and survival in
LAPC patients undergoing IRE therapy.

Patients and Methods

Patients

Patients with LAPC who were initially treated with IRE from
August 2015 to August 2017 at Sun Yat-sen University
Cancer Center were retrospectively collected and another
group of healthy people were analyzed as control in this
study. The inclusion criteria were described as follows: 1)

pathologically confirmed pancreatic adenocarcinoma and
radiologically confirmed LAPC. All patients were classified
as LAPC according to the criteria of NCCN Guidelines
Version 1.2020;'® 2) an Eastern Cooperative Oncology
Group (ECOG) performance status score of 0, 1 or 2. The
exclusions were as follows: 1) patients who had received
other treatments, including surgical resection and RFA; 2)
patients with metastatic implants; 3) patients with heart
arrthythmia and a history of second primary malignant
tumors; 4) patients who had missing information of circulat-
ing immune cells or cytokine markers, which were similar to
those in our previous study.'®'" Approval of Institutional
Review Board of Sun Yat-sen University Cancer Center
(SYSUCC) was obtained. All procedures were in accordance
with 1964 Helsinki Declaration. Written informed consent
was obtained from patients prior to treatment.

Data Collection and Treatment

Procedure

Clinical and pathological data were extracted from the med-
ical record system of SYSUCC, including age, gender, tumor
size, grade, site, neoadjuvant and adjuvant chemotherapy.
The laboratory indexes, such as white blood cell (WBC)
count, hemoglobin (HGB), platelet (PLT) count, serum levels
of alanine transaminase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), glutamyl transpeptidase
(GGT), albumin (ALB), total bilirubin (TBIL), indirect bilir-
ubin (IBIL), C-reactive protein (CRP), carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9 (CA19-9) and
carbohydrate antigen 125 (CA125). IRE treatment was per-
formed with the NanoKnife equipment. The treatment pro-
cedure was the same as that described in our previous
study.'" All IRE ablations were performed using an open
technique by specialized pancreatic surgeons. All data were
collected before IRE treatment. Overall survival (OS) and
progression-free survival (PFS), which were defined as the
duration from the date of diagnosis to death from all causes
and tumor progression, respectively, or last follow-up, were
regarded as the endpoints in this study. The follow-up date
ended on April 30, 2020.

Flow Cytometry and Cytokine

Microarray Assay

All blood samples were collected using Na-heparin plasma
tubes from patients one to three days before IRE. Peripheral
blood mononuclear cells (PBMCs) were isolated from blood
as previously described.'” The PBMCs were labeled with
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associated murine anti-human monoclonal antibodies. The
CD3, CD3CD4, CD3CD8, CD4CD25, CD8CD2S5, and
CD3CD16CDS56 phenotype of lymphocytes were analyzed
by flow cytometry (FC; CytoFLEX, Beckman Coulter, Brea,
California, 92821, USA).

Blood was also obtained for cytokine analysis. Plasma
samples cryopreserved at —80°C were thawed and centri-
fuged 1000g for 15 minutes at 4°C before transferring the
cell and platelet-free supernatants. The cytokines were
evaluated by the Luminex Bio-Plex system according to
the manufacturer's instruction.

Statistical Analysis

The independent sample #test, Mann—Whitney U-test and the
chi-square test were used to compare the continuous and cate-
gorical variables, respectively. The survival differences in terms
of OS and PFS were compared by the Log rank test and
survival curves were analyzed using the Kaplan—Meier method.
Multivariate logistic regression was conducted on the basis of
clinicopathological variables and lymphocytes or cytokines
selected by least absolute shrinkage and selection operator
(LASSO) logistic regression model. The prediction algorithms
were further validated using receiver operating characteristic
(ROC) curves. Area under the ROC curve (AUC) and concor-
dance index (C-index) of the multimarker algorithms were
calculated and compared. Prognostic factors of survival, includ-
ing OS and PFS, and the associated corresponding 95% con-
fidence intervals (CIs) were determined. The correlative
analyses were conducted using Pearson correlation coefficient
and Mantel test. Statistical significance was considered when
two-tailed P value < 0.05 was obtained. All statistical analyses
were performed using R software version 3.6.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Patient Characteristic

A total of 8 healthy control subjects and 31 LAPC patients
who had received IRE treatment were included in this
study. Four male and another four female healthy volun-
teers were included as the control group, with the median
age of 59.0 years (range 43—75 years). In LAPC patients,
there were 18 (58.1%) female patients and 13 (41.9%)
male patients. The median age for all patients was 60.0
years (range 45—73 years). Most tumors were smaller than
4cm and located in the head of the pancreas. Sixteen
patients (51.6%) had neoadjuvant chemotherapy while
most of patients (71.0%) received adjuvant chemotherapy.

The proportion of lymphocytes and the description of
cytokines are summarized in Tables 1 and 2, respectively.
The median tumor size was 36 mm (range 20—49 mm).
A total of 21 patients (66.7%) were diagnosed with radi-
ologic lymph node (LN) metastasis. There were 10
(32.3%) and 7 (22.6%) patients who had higher levels of
CD3'CD4" T cells and CD3"CD8" T cells, respectively.
As for CD3 CD16'CD56" cells (natural killer cells, NK
cells), 6 (19.4%) patients had decreased levels and 11
(35.5%) patients had elevated levels of cells. An overview
of the distribution of all cytokines, lymphocytes and other
clinicopathological variables is shown in Figure 1.

The Comparisons of Cytokines and

Immune Cells

As shown in Figure 2A, compared with healthy control
subjects, LAPC patients seemed to have significantly
higher levels of EGF, GRO, IL-IRA, and MCP-1.
Furthermore, the differences in the numbers of cytokines
and immune cells in patients with different survival and
tumor progression statuses were also compared. It was
shown that elevated levels of Flt31, GMCSF, MCP3, and
IL-9 were associated with a decrease in the number of
patients who were still alive two years after IRE treatment.
In terms of tumor progression, patients with decreased
levels of C4 and TNF-a or increased levels of MIP-la
and IL-17A were likely to have tumor progression within
one year of receiving IRE treatment (Figure 2B).

The Relationship Between Cytokines and

Clinical Factors

The correlation heatmap analysis of the relationship between
cytokines and clinical factors is shown in Figure 3A. Positive
relationships were observed among several cytokines,
including EGF, TGF-B, G-CSF, GM-CSF, fractalkine,
GRO, IL-17A, IL-1RA, IL-9, IL-18, IL-2, MCP-1, MIP-1aq,
and MIP-18. Moreover, the level of CD3"CD4" T cells and
CD3 CD16°CD56" cells were positively associated with
FGF-2, Fil-3L, IFN-a2, IFN-y, and IL-17A. Negative corre-
lations were observed between CD3"CDS8" T cells and cyto-
kines, including FIt-3L, MCP-3, IP-10, IL-1R CEA, and
CA19-9. To further illustrate the correlations among these
factors, factors of blood routine, biochemical routine, and
tumor markers were classified as spec01, spec02, and spec03,
respectively. The findings confirmed the positive relationship
between tumor marker groups, including CEA and CA19-9,
and ratios of CD3"CD4" T cells, CD3"CD8" T cells and
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Table | Clinical Characteristics of Patients with LAPC Undergoing IRE Therapy

Category Variable Category N (%) Category Variable Category N (%)
Age (years) <60 16 (51.6) Tumor site Head 15 (48.4)
> 60 15 (48.4) Body 14 (45.2)
Gender Female 18 (58.1) Tail 2 (6.5)
Male 13 (41.9) Tumor grade Well/Moderate 19 (61.3)
Tumor size (cm) <2 1 3.2) Poor 12 (38.7)
24 18 (58.1) LN metastasis Absence 10 (32.3)
>4 12 (38.7) Presence 21 (67.7)
Neoadjuvant chemotherapy No 15 (48.4) CDI9" cell Normal 23 (74.2)
Yes 16 (51.6) Low 5 (l6.1)
Adjuvant chemotherapy No 9 (29.0) High 3(9.7)
Yes 22 (71.0) CD3"CDI6"CD56" cell Normal 30 (96.8)
Progression within | year No 17 (54.8) High 1 3.2)
Yes 14 (45.2) CD3*CD4" cell Normal 21 (67.7)
Survival beyond 2 years No 13 (41.9) High 10 (32.3)
Yes 18 (58.1) CD4"CD8" cell Normal 9 (29.0)
WBC (¥10%) <10 27 (87.1) Low 15 (48.4)
> 10 4 (12.9) High 7 (22.6)
HGB (g/L) <120 8 (25.8) CD8"CD25" cell Normal 30 (96.8)
> 120 23 (74.2) Low 1 (3.2)
ALT (UIL) <40 20 (64.5) 1gG Low 14 (45.2)
> 40 11 (35.5) High 17 (54.8)
ASTIC <40 8 (25.8) IgA Low 12 (38.7)
> 40 23 (74.2) High 19 (61.3)
ALP (U/L) < 100 16 (51.6) IgM Low 12 (38.7)
> 100 15 (48.4) High 19 (61.3)
ALB (g/L) < 40 13 (41.9) CD3 CDI6"CD56" cell Normal 14 (45.2)
> 40 18 (58.1) Low 6 (19.4)
GGT (U/L) <60 18 (58.1) CD3" cell High 11 (35.5)
> 60 13 (41.9) Normal 11 (35.5)
TBIL (umol/L) <225 22 (71.0) Low 11 (35.5)
>225 9 (29.0) CD3*CD8" cell High 9 (29.0)
IBIL (umol/L) <15 26 (83.9) Normal 9 (29.0)
> 15 5 (l6.1) Low 15 (48.4)
CRP (ng/L) <3 19 (61.3) CD4"CD25" cell High 7 (22.6)
>3 12 (38.7) Normal 30 (96.8)
HBSAg Absence 28 (90.3) High 132
Presence 3(9.7) C3 Low 4 (12.9)
CAI125 (U/mL) <35 19 (61.3) High 27 (87.1)
> 35 12 (38.7) C4 Low 15 (48.4)
CAI199 (U/mL) <35 9 (29.0) High 16 (51.6)
> 35 22 (71.0)
CEA (ng/mL) <5 18 (58.1)
>5 13 (41.9)

Abbreviations: MDC, macrophage-derived chemokine; sCD40L, soluble CD40 ligand; MIP, macrophage infectivity potentiator; TNF, tumor necrosis factor; VEGF, vascular
epidermal growth factor; WBC, white blood cell count; PLT, platelet count; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT,
glutamyl transpeptidase; ALB, albumin; TBIL, total bilirubin; IBIL, indirect bilirubin; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen

19-9; CAI25, carbohydrate antigen 125.
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Table 2 The Characteristics of Cytokines in Patients
Continuous Variable Median Range Variable Median Range
EGF 51.12 355-231.54 ILI7A 3.44 0.90-3365.00
FGF2 79.70 17.28-189.91 ILIRA 3113 0.90-5847.00
Eotaxin 90.08 18.46-241.16 IL-la 6.64 4.04-315.71
TGF-a 2.53 2.53-8.30 IL-9 1.25 1.25-4.23
GCSF 28.26 2.42-2874.00 IL-1b 2.83 2.83-13.35
Fle3L 223 2.23-74.09 IL-2 1.53 0.75-19.97
GMCSF 7.14 1.96-51.83 IL-3 1.54 1.54-7.11
Fractalkine 47.14 4.23-288.28 IL-4 36.24 3.76-430.10
IFN-a2 26.17 1.46-89.67 IL-5 2.76 2.76-5.02
IFN-y 6.18 1.88-88.55 IL-6 13.34 3.05-2835.00
GRO 1384.0 7.37-8310.00 IL-7 271 2.67-13.36
IL-10 6.86 2.52-850.02 IL-8 23.36 2.61-2020.00
MCP3 3.62 3.62-33.06 IP-10 550.90 163.69-2072.00
IL-12P40 3.94 3.94-54.17 MCP-I| 343.64 127.87-6253.00
MDC 614.47 50.23-1001.00 MIP-la 6.59 3.04-167.26
IL-12P70 348 3.00-207.01 MIP-1B 54.50 13.61-1925.00
IL-13 2.57 2.57-7.36 TNF-a 18.79 6.40—417.89
IL-15 1.93 1.03-8.11 TNF-B 1.00 1.00-8.23
sCD40L 1597 230.34-8481.00 VEGF 47.82 3.72-298.02

Abbreviations: EGF, epidermal growth factor; FGF2, fibroblast growth factor-2; TGF-o, tumor growth factor-2; GCSF, granulocyte colony-stimulating factor; Flt3L, FMS like
tyrosine kinase 3 ligand; GMCSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; GRO, growth regulates oncogene; IL, interleukin.

CD3 CDI16'CD56" cells (Figure 3B). Positive correlations
between IL-1R and TGF-0, G-CSF, MCP3, IL-12P40,
respectively, were observed. Also, MIP-1a, MIP- and

a2l T

0000
II
III
||.|||| "
|| II

ol EN
Ouidd S Ponoovnaalth
gEEss:EJJJJJJJJJAJJuJJJ

oE
29053

s«

Neoadjuvant remoterapy

‘s — 55 vant chemothe
Gender
Age

Tumor grade

Tumor site
Tumor size
LN metastasis

CEA
CA19-9

CA125

Pao High
P29
P28
P27 IWeIIIHeadIsAcm
P26
P25
P24
P23
P22
P21
P20
P19
P18
P17
P16
P15
P14
P13
P12
P11
P10
P09
P08
P07
P06
P05
P04
P03
P02
P01

Low

P31 l Poorly/Body and tail>>4cm

Cote-cel
= —
-
VEGF
— oo
. -—-c
9 )
— - —
-— -
s ThF-0
— o - oo
- —
- [0
— - oo
- —
T WP-ia
- o —
- —
c3 [T
— - cooo
- o - oo
CORCOS el a0
— - - oo
COATDRS el L3
— - =coo
- [
COFTCDS el L1
— — =
Y s
R oo — =soo
- - oo
OO el LS
— o — -
-——o -
T o
- o - oo
. ad ? oo
OISl e
— - -
COSCDISCOSE-cel L2
— s
- -

Figure | An overview of the distribution of all cytokines, lymphocytes and other clinicopathological variables in LAPC patients after IRE.

TNF-a were also positively associated with TGF-a, G-CSF,
MCP3, IL-12P40, IL-1RA, IL-1B, IL-2, IL-6, and IL-8,
respectively.
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Risk Factors for OS and PFS

For the whole study cohort, the 1-, 2- and 3-OS rates
were 92.9%, 56.3%, and 13.1%, respectively, while the 1-
and 2-PFS rates were 35.9% and 19.1%, respectively. In
order to investigate the prognostic factors of survival,
high-dimensional microarray data were incorporated in
the LASSO regression (Supplementary Figure 1). The
five best predictors for OS and PFS, including CA19-9,
CD3"CD4" T cells, CD3°CD8" T cells, IL-17A, and
TNF-a, were selected and incorporated into a new

immune panel. Higher values of CA19-9 or IL-17A,
lower values of CD37CD4" T cells, CD3"CD8" T cells,
and TNF-a each contributed one point to the total score
of the immune panel. The total scores ranged from 0 to 4.
The scores of the immune panel were classified into
different levels with the cutoff value of 2. Patients with
higher scores on the immune panel had a significantly
higher risk of decreased OS and PFS compared to those
with lower scores (Figure 4). The immune panel, along
with the clinicopathological indexes, was further ana-
lyzed with univariate and multivariate analyses. It was
shown that the neoadjuvant chemotherapy (OS,
HR=0.368, 95% CI 0.076-0.769, p=0.012; PFS,
HR=0.183, 95% CI 0.055-0.610, p=0.006), tumor size
(OS, HR=6.687, 95% CI 1.692-26.439, p=0.007; PFS,
HR=1.345, 95% CI 1.077-3.794, p=0.046), tumor grade
(OS, HR=2.914, 95% CI 1.921-9.218, p=0.049; PFS,
HR=2.316, 95% CI 1.618-8.679, p=0.023), and immune
panel (OS, HR=4.073, 95% CI 1.951-17.454, p=0.039;
PFS, HR=4.819, 95% CI 1.225-18.959, p=0.024) were
significant prognostic factors for both OS and PFS
(Table 3).
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Performance of Prediction for OS and
PFS

The predictive efficacy of significant risk factors for OS and
PFS was further compared with the C-indexes and AUC.
The C-indexes for OS and PFS were 0.826 (95% CI 0.751—
0.901) and 0.724 (95% CI 0.627-0.821), respectively. The
conventional tumor marker score, which was composed of
CA19-9, CEA, and CA125, was used as a control. It was
determined that the C-indexes of the tumor marker scores
for OS and PFS were 0.489 (95% CI 0.333-0.645) and
0.478 (95% CI 0.349-0.607), respectively, which were
both significantly lower than those of the established risk
model (p<0.001). The ROC curves of the risk model for
survival prediction are shown in Figure 5. The values of
AUC for the risk model for 1-, 2-, and 3-OS prediction were
0.888, 0.911, and 0.883, respectively, while the values of the
tumor marker score were 0.542, 0.542, and 0.582, respec-
tively (p<0.050). Similarly, the risk model also had higher
values of AUC than the tumor marker score for 1- and 2-PFS
prediction (risk model vs tumor marker score, 1-year, 0.727
vs 0.532; 2-year, 0.745 vs 0.586, p<0.050).

Discussion

In recent years, growing number of studies have focused
on the potential of IRE for treatment and have shown that
IRE is an effective method for treating LAPC.'*!'*!®
Although the associations between biomarkers and prog-
nosis of LAPC patients undergoing IRE treatment have
been explored before, the study only included limited
dimensional of data.'” Thus, the identification of detailed
molecular biomarkers is urgently needed to enhance the
prediction of survival rates for LAPC patients after IRE.
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Figure 4 The survival analyses stratified by the selected immune panel in terms of OS (A) and PFS (B).

Abbreviations: OS, overall survival; PFS, progression-free survival.
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Table 3 Univariate and Multivariate Analyses of OS and PFS in LAPC Patients
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Abbreviations: OS, overall survival; PFS, progression-free survival; NI, not included.

Considering that tumor staging or progression always
incurs substantial metabolic costs by significantly altering
the levels of cytokines or immunocytes, those altered
molecular markers may be potential biomarkers for the
survival prediction for LAPC patients undergoing IRE.
To verify this hypothesis, we applied microarray assays
of cytokines and immunocytes to baseline blood samples
obtained from LAPC patients who had received IRE treat-
ment, as well as to blood samples from healthy control
subjects. In this study, an absolute risk model based on
precision identification of multiple cytokines, lympho-
cytes, tumor markers and pathological characteristics was
selected for LAPC patients who had received IRE for the
first time. Our results underscored the improved perfor-
mance of the risk model compared to conventional TNM
stage or tumor markers in the context of prognosis strati-
fication in LAPC patients undergoing IRE treatment.

In a previous study, we also found that IRE could
significantly improve immune function and the elevation
of CD8" T cells indicated better survival rates for LAPC
patients undergoing IRE.""'” Based on these results, our
recent work differentiates itself most significantly from
previous work in the following ways: 1) it is specially
designed for LAPC patients undergoing IRE treatment
and 2) it expands on previous efforts by including broadly
available cytokines and lymphocytes in multivariate survi-
val models. Unsurprisingly, the risk model that was estab-
lished based on the comprehensive evaluation of all of
these parameters in this study outperforms the traditional
TNM stage system or conventional tumor marker scores.
To construct our multi-analyte panel, we selected CA19-9,
CD3"CD4" T cells, CD3"CD8" T cells, IL-17A, and TNF-
o. The tumor marker CA19-9 provided the routine indexes
of tumor growth, which indicated the prognosis for LAPC
patients.’>?' There was a closed relationship between
CA19-9 and immune cell changes, indicating that these
easily obtained clinical data might reflect the changes of
immune cell. Moreover, CD3'CD4" T cells and
CD3'CDS8" T cells were two important immunocytes. In
a study conducted by Scheffer,” it was shown that IRE
could activate CD4" and CDS8" T cells. Apart from the
activation, IRE was also shown to elevate the absolute
numbers and proportions of CD8" T cells, and the elevation
of CD8" T cells indicated a significantly better survival rate
in LAPC patients undergoing IRE."® Additionally, in this
study, it was shown that CD3"CD8" T cells were nega-
tively correlated with CA19-9. Similar to results from other
studies, lower levels of CA19-9 were correlated with
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Figure 5 Comparisons of receiver operating characteristic (ROC) curves of the predictive system for predicting |-, 2-, and 3-year OS (A) and |- and 2-year PFS (B) for

LAPC patients after IRE, respectively.

a more Immune-active microenvironment, which was
reflected in the increased number of CD3'CD8"
T cells.**** As an important helper T cells, CD3'CD4"
T cells were also important for the inducement and
enhancement of immune memory. The increased CD4"
T cells also contributed to enhanced adjuvanticity, which
was essential for an immune response and the function of
the abscopal effect induced by IRE.

Similar to the findings of previous studies, IL-17A was
correlated with decreased survival. A distribution of cyto-
kines and clinicopathological variables has shown that
patients with higher levels of IL-17A are more likely to
have poorly differentiated and large tumors or LN metasta-
sis. The regulation of tuft cells and stem cells of pancreatic
cancer by IL-17A may contribute to tumor growth and
progression.26 Conversely, TNF-a was essential for the
lysis of tumor cells induced by cytotoxic T cells?” and played
an important role in the polarization of macrophages into the
MI-like subtype,?® which could contribute to the phagocy-
tosis of tumor cells and antigen-presentation. Moreover, it
was shown that TNF-a was positively associated with IL-18,
IL-2, and IL-6, which were also pro-inflammatory cytokines
from M1-subtype macrophages.”® In this study, the correla-
tion analysis indicated that LAPC patients with higher levels
of TNF-a were more likely to have tumor progression-free
status for over one year and survival beyond two years after

IRE treatment, illustrating that high TNF-a levels are an
indication for better survival rates for LAPC patients.
Based on this immune-based panel and other inde-
pendent prognostic factors, a risk model was established
that showed a higher prognostic efficiency in survival
prediction compared with tumor marker scores. It was
shown that the immune-based panel contributed to the
strongest predictive power, compared with other inde-
pendent prognostic factors. Additionally, significantly
different prognoses were stratified by the established
risk score for LAPC patients, who were classified as
the same stage according to TNM stage system, illustrat-
ing that the established risk model had a significantly
better ability for prognostic stratification. IRE is an
which has
shown to not only destroy tumor cells, but to also

inflammation-inducing treatment, been
cause a release of tumor-associated neo-antigens, and
stimulate the cellular and humoral immune in the local

and 19,25,29

systemic environment. The changes of
immune indexes and immune responses were the main
characteristics that were compared after IRE treatment
and after surgery.’® Considering tumor marker scores,
which only reflected the tumor burden itself, and the
TNM stage, which were generally designed based on
pathological factors only, the inclusion of cytokines and

immunocytes from a large microarray assay, along with
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clinicopathological features, ensured better OS and PFS
prediction of the established risk model.

It is important to note that precise prediction of progres-
sion is essential for individual treatment. An important
advantage of this study was the utilization of a microarray
assay specially designed for IRE treatment to determine the
immune panel. The comparisons of values from the C-index
and the AUC showed the powerful efficacy of the combina-
tion of clinicopathological characteristics and immune fea-
tures in survival prediction. Using this model, clinicians
could perform a specific survival prediction of LAPC
patients undergoing IRE treatment and specialize the adju-
vant treatment for those with a high risk of decreased survi-
val, which fits the current trend of personalized medicine.

This study had several limitations. Truly, as the first study
of predictive system based on high-dimensional microarray
data for LAPC patients undergoing IRE, a major limitation is
the relatively small sample size. The lack of external valida-
tion and specificity to IRE due to the absence of data from
patients after IRE was another limitation. Therefore, it is
necessary to evaluate the changes of these variables after
IRE in the further study. A longer follow-up period and an
external validation based on larger cohorts are also needed.
Finally, the proportion of neoadjuvant chemotherapy in
patients was only 51.6% in this study. Given the neoadjuvant
chemotherapy emerged as a standard care of LAPC patients
in the recent years, studies based on more patients after
neoadjuvant chemotherapy were needed to validate the
results of this study.

Conclusion

In summary, we evaluated the microarray assay of cytokines
and lymphocytes in LAPC patients undergoing IRE and
developed a risk score for OS and PFS prediction for the
first time. The risk score showed great efficacy in survival
prediction and might facilitate highly tailed patient manage-
ment in clinical practice in LAPC patients after IRE.
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