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Objective: Ablation serves as a common local treatment for liver metastases from pancreatic cancer (PCLM), but the correlation
between the prognosis of PCLM and inflammatory cytokines has been rarely reported. This study aimed to establish a cytokine-based
prognostic model for patients with PCLM who are receiving ablation.

Patients and Methods: Serum samples from peripheral blood were collected from patients with PCLM before their first ablation.
Cytokines were measured using Luminex chips and ELISA. Cox regression and least absolute shrinkage and selection operator
regression were used to select prognostic factors for overall survival (OS). Area under the receiver operating characteristic curve
(AUC) was applied to compare the ability to predict survival.

Results: The relationship between cytokines and clinical factors was evaluated and their prognostic value was compared. Six optimal
predictors were selected, including IL-2, IL-7, HGF, IFN-y, CA19-9 and CEA. The risk model based on these predictors was built and
named circulating tumor-associated inflammatory index (CTII). The CTII (AUCs > 0.90) showed superior performance to systemic
immune-inflammation index (SII, AUCs < 0.65) in OS.

Conclusion: A circulating cytokine-based risk model for patients with PCLM before first ablation has been proposed and validated,
which has demonstrated superior performance in predicting survival and has the potential to inform clinical treatment strategies.
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Introduction

As one of the fourth leading cause of cancer-related death, pancreatic cancer is characterized by its insidious onset and
poor prognosis.' Radical surgery serves as the only treatment strategy that can significantly improve survival, but more
than 50% patients were diagnosed with unresectable pancreatic cancer.” Despite surgical resection, recurrence or
metastasis still occur in most patients.® Liver has been reported as the most common site of metastasis in patients
with advanced pancreatic cancer,” and the prognosis was worse than that in patients with lung or distant lymph node
metastasis.” Among the limited treatment modalities, ablation is an important local treatment method for liver metastases
from pancreatic cancer (PCLM), which is expected to be beneficial to achieve long-term survival.

Ablation is a minimally invasive procedure that, under the guidance of an imaging device, directly causes tumor necrosis
through a physical or chemical procedure by percutaneous puncture into tumor tissue. Physical ablation can be categorized
into thermal ablation and non-thermal ablation, and microwave ablation is a type of thermal ablation.® Ablation induces
tumor cell reduction and anticancer immune activation through a variety of mechanisms.” Increasing evidences have

indicated that ablation-mediated necrosis can modulate the host immune-inflammation response.*® Previous studies have
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shown that a combination of thermal ablation and systemic chemotherapy can lead to a better survival outcome in patients
with PCLM.'®'"" Currently, ablation has been recommended by the National Comprehensive Cancer Network (NCCN)
guidelines for the treatment of various types of cancers.® However, the prognosis of patients undergoing ablation varies.
Therefore, the identification of prognostic risk factors may help to accurately screen the appropriate population.

As effector molecules, cytokines play an essential role in tumor microenvironment and mediate immune activation
against cancer cells. Many studies have investigated the role of cytokines as diagnostic, prognostic, or predictive
biomarkers of pancreatic cancer.'> However, whether circulating inflammatory factor levels are risk factors in patients
with PCLM is poorly reported. The objective of our study was to determine the relationship between pre-ablation
cytokines and prognosis in patients with PCLM from readily available peripheral blood samples. In this study, a novel
index, termed circulating tumor-associated inflammatory index (CTII), was constructed. The CTII showed an exceptional
prognostic value before ablation and has the potential to guide the treatment of PCLM.

Materials and Methods

Patients
A retrospective cohort study (n = 70) consisting of patients who were diagnosed with PCLM and received ablation as
an initial treatment was conducted from January 2020 to March 2022 at Fudan University Shanghai Cancer Center
(FUSCC). The patients were divided into training cohort (n = 31) and validation cohort (n = 39) according to the time
of blood collection before the ablation. Another group of healthy individuals were served as control (n = 8). Patients
who met the following criteria were included in this study: 1) Histologically or cytologically diagnosed as pancreatic
adenocarcinoma. 2) Radiology confirmed only liver metastases (including distant lymph node metastases) and no
other important organ metastases. The exclusion criteria included: 1) Receiving minimally invasive treatments other
than microwave ablation (such as irreversible electroporation and cryoablation). 2) A second primary malignancy
detected during treatment. 3) Lacking information on serum level of cytokines and tumor markers.

The study was approved by the ethics committee of FUSCC. All procedures are conducted in accordance with the
ethical standards of our institution’s Research Committee and the 1964 Declaration of Helsinki and its subsequent

amendments or similar ethical standards. Written informed consent was obtained from patients prior to treatment.

Clinical Variables Collection and Treatment Procedure

Clinical and pathological data, including age, gender, tumor grade, tumor site, surgery, distant lymph node metastasis and
chemotherapy, were acquired from the electronic medical record system of FUSCC. The laboratory measures included
C-reactive protein (CRP), white blood cell (WBC) counts, hemoglobin (HGB), neutrophil (NE) counts, lymphocyte (LY)
counts, platelet (PLT) counts, serum levels of alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), glutamyl transpeptidase (GGT), albumin (ALB) and total bilirubin (TBIL). And the tumor biomar-
kers included carbohydrate antigen 19-9 (CA19-9), carbohydrate antigen 125 (CA125) and carcinoembryonic antigen
(CEA). All decisions regarding patient selection and regional treatment modalities were agreed upon through multi-
disciplinary discussions. The primary end point of this study was overall survival (OS), which was defined as the interval
between the first ablation treatment and death or last follow-up. Follow-up was terminated in the training cohort on
1 June 2022 and in the validation cohort on 30 September 2022.

Luminex Liquid Bead Suspension Chip Array

All patients had blood samples taken one day before ablation. After centrifugation, cellular debris was removed, serum
was obtained and stored at —80°C. Luminex liquid bead suspension chip detection was performed by Wayen
Biotechnologies (Shanghai, China). The Bio-Plex Pro Human Chemokine Panel 48-plex kit was used in accordance
with the manufacturer’s instructions.
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Enzyme-Linked Immunosorbent Assay (ELISA)

For the validation cohort, the concentrations of IL-2, IL-7, HGF and IFN-y in blood samples were measured by IL-2, IL-
7, HGF and IFN-y ELISA kits (SenBeiJia Biotechnology, Nanjing, China, Cat no.: SBJ-H0297, Cat no.: SBJ-H2148, Cat
no.: SBJ-H0268 and Cat no.: SBJ-H2280) according to the manufacturer’s instructions.

Systemic Immune-Inflammation Index

Systemic immune-inflammation index (SII) was defined as an index based on PLT, NE, and LY counts and calculated
using the following formula: S = PLT x NE + LY"? Based on our previous study, the optimal cutoff for SII in advanced
pancreatic cancer was determined to be 440* 10° and the patients were divided into high (>440) and low (<440) SII score
groups.'*

Bioinformatics Screening for Prognostic Factors

To ensure the universality of the selected factors in different cohorts, we first normalized the concentration of the factors by
log2 transformation. Pearson correlation analyses was used to analyze the correlation between inflammatory factors and
Mantel test was used to analyze the correlation between two matrices by “ggcor” R package. The prognostic factors were
selected by univariate Cox regression analysis (P < 0.05). Then, the least absolute shrinkage and selection operator
(LASSO) regression model was constructed by “glmnet” R package. Finally, the regression coefficient for each factor
used in the construction of the final prognostic signature. The CTII was equal to the sum of the coefficient of each factor
multiplied by its concentrations, and the patients were divided into two groups according to the median. The survival curves
were analyzed using the Kaplan—Meier (K-M) method and survival differences in terms of OS were compared by the Log
rank test by R package “survival”. Univariate and multivariate Cox regression were used to verify whether the inflammation
score was an independent prognostic factor. The time-dependent receiver operating characteristic (ROC) analysis was used
to assess discrimination of the model using the R package “timeROC”. And area under the ROC curve (AUC) of CTII and
SII were compared.

Statistical Analysis

All statistical analyses in this study were conducted by R software (version 4.1.0). Continuous variables were
presented as the median and range. Continuous variables and categorical variables were compared by independent
sample #-test, Mann—Whitney U-test and chi-square test. A two-sided P value <0.05 was considered statistically
significant.

Results

Patient Characteristics

A total of 78 subjects were enrolled in this study, including 70 PCLM (31 in training cohort and 39 in validation cohort)
and 8 healthy individuals. The clinical characteristics of the patients with PCLM are shown in Table 1. In the patient
population of the training cohort, 23 (74.2%) were male and 8 (25.8%) were female, with a median age of 57 years
(range 41-76 years). 54.8% of the primary tumors were located in the head of the pancreas, and 35.5% were poorly
differentiated. About 29% had undergone radical surgery at the early stage of diagnosis, and 71% had unresectable
pancreatic cancer at the time of diagnosis. 45.2% had distant lymph nodes metastasis. 67.7% had received chemotherapy
prior to ablation. In this cohort, the median OS was 5 months. Based on Luminex liquid bead suspension chip detection,
the baseline cytokine levels of patients in the training cohort are shown in Table 2. Compared with healthy control
subjects, the levels of interleukin (IL)-lo, IL-1B, IL-2Ra, IL-4, IL-7, IL-8, IL-17A, hepatocyte growth factor (HGF),
macrophage inflammatory protein-1a (MIP-1a), cutaneous T cell-attracting chemokine (CTACK), monocyte chemotactic
protein-3 (MCP-3), fibroblast growth factor (FGF), leukemia inhibitory factor (LIF), tumor necrosis factor-a (TNF-a),
Eotaxin, interferon (IFN)-y, IFN-02, platelet-derived growth factor-BB (PDGF-BB), granulocyte colony-stimulating
factor (G-CSF), monokine induced by gamma interferon (MIG) and were significantly increased (P < 0.05) in patients
with PCLM (Figure 1).
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Table | Clinical Characteristics of Patients with PCLM Undergoing Ablation Therapy

Variable Category Training Cohort Validation Cohort
N =3I % N =39 %
Age (years) Median 57 41-76 58 42-82
Gender Male 23 742 27 69.2
Female 8 25.8 12 30.8
Tumor site Head 17 54.8 17 43.6
Body!/tail 14 45.2 22 56.4
Tumor grade Well/moderate 20 64.5 24 61.5
Poor I 355 15 385
Surgery No 22 71.0 31 79.5
Yes 9 29.0 8 20.5
LN No 17 54.8 16 41.0
Yes 14 45.2 23 59.0
Chemotherapy No 10 323 13 333
Yes 21 67.7 26 66.7
CRP (mg/L) <5 15 48.4 18 46.2
>5 16 51.6 21 53.8
WBC (¥10°/L) <9.5 29 93.5 32 82.1
>9.5 2 6.5 7 17.9
HGB (g/L) <120 10 323 17 43.6
>120 21 67.7 22 56.4
PLT (*107/L) <125 5 16.1 5 12.8
>125 26 83.9 34 87.2
ALP (U/L) <100 I 355 13 333
>100 20 64.5 26 66.7
ALT (U/L) <40 26 83.9 34 87.2
>40 5 16.1 5 12.8
AST (U/L) <35 25 80.6 34 87.2
>35 6 19.4 5 12.8
GGT (U/L) <45 10 323 16 41.0
>45 21 67.7 23 59.0
ALB (g/L) <40 10 323 12 30.8
>40 21 67.7 27 69.2
TBIL (umol/L) <17 27 87.1 36 923
>|7 4 12.9 3 7.7
CA19-9 (U/mL) <1000 13 16.1 15 385
>1000 18 83.9 24 61.5
CAI125 (U/mL) <35 I 355 9 23.1
>35 20 64.5 30 76.9
CEA (ng/mL) <52 15 48.4 12 30.8
>52 16 51.6 27 69.2

Abbreviations: PCLM, pancreatic cancer with liver metastasis; LN, distant lymph node metastasis; CRP, C-reactive protein; WBC, white
blood cell; HGB, hemoglobin; PLT, platelet; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT,
glutamyl transpeptidase; ALB, albumin; TBIL, total bilirubin; CA19-9, carbohydrate antigen 19-9; CA125, carbohydrate antigen 125; CEA,
carcinoembryonic antigen.

Correlation Between the Circulating Cytokines and Clinicopathologic Parameters

The modest associations between circulating cytokines and clinicopathological parameters were observed (Figure 2A).
There was a strong correlation network among M-CSF, IL-18, IL-16, FGF, IL-1a and LIF, as well as between IL-4 and
IL-2 (Cor > 0.8, P < 0.05). To illustrate the correlation among these factors from different perspectives, blood routine,

biochemical routine and tumor biomarkers were included in the separate panels, and the correlations between these three
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Table 2 The Concentration of Cytokines in Training Cohort (Pg/mL)

Continuous Variable Median Range Continuous Variable Median Range

b-NGF 4.4 0.17-18.07 IL-12(p70) 0.44 0.03-3.22
CTACK 332.38 187.43-766.84 IL-12 (p40) 112.63 3.48-447.41
Eotaxin 77.51 28.61-140.66 IL-13 5.1 1.21-43.28

FGF 39.7 32.86-123.90 IL-16 67.14 34.54-647.33
G-CSF 34.88 0.15-105.00 IL-17A 8.59 2.53-24.78
GM-CSF 0.245 0.25-13.98 IL-18 58.75 15.5-1965.96
GRO-a 69.56 3.98-138.83 IP-10 359.61 134.71-822.32
HGF 342.95 195.49-603.19 LIF 90.37 43.8-275.27
IFN-a2 5.56 0.76-28.00 M-CSF 39.81 15.35-544.23
IFN-y 6.26 2.23-18.54 MCP-1 (MCAF) 17.21 2.91-60.71
IL-la 40.39 19.95-145.83 MCP-3 1.02 0.27-3.63

IL-1B 5.19 2.32-21.26 MIF 131.27 22.45-2186.23
IL-Ira 286.06 31.43-3140.06 MIG 86.29 39.18-340.48
IL-2 0.69 0.35-22.13 MIP-la 2.7 0.49-6.34
IL-2Ra 112.31 62.93-232.25 MIP-1B 86.52 50.14-105.72
IL-3 0.135 0.14-6.22 PDGF-BB 157.84 18.71-494.42
IL-4 1.35 1.08-2.43 RANTES 1668.08 474.74-6066.05
IL-6 0.67 0.01-14.50 SCF 46.25 26.90-86.25
IL-7 15.96 6.54-24.14 SCGF-p 98,904.11 51,696.16—172,020.57
IL-8 6.46 0.20-34.12 SDF-la 1590.82 313.85-5009.78
IL-9 43.57 32.31-68.70 TNF-a 35.75 20.83-59.67
IL-10 0.69 0.35-17.68 TNF-B 89.91 40.68—-134.36
TRAIL 79.01 52.25-147.20

Abbreviations: PCLM, pancreatic cancer with liver metastasis; NGF, nerve growth factor; CTACK, cutaneous T cell-attracting chemokine; FGF,
fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; GRO, growth
regulates oncogene; HGF, hepatocyte growth factor; IFN, interferon; IL, interleukin; TRAIL, tumor necrosis factor (TNF)-related apoptosis-inducing
ligand; IP-10, interferon-gamma-induced protein-10; LIF, leukemia inhibitory factor; MCP, monocyte chemotactic protein; MIF, macrophage migration
inhibitory factor; MIG, monokine induced gamma interferon; MIP, macrophage inflammatory protein; PDGF, platelet-derived growth factor; RANTES,
regulated upon activation and normal T cell expressed and presumably secreted; SCF, stem cell factor; SCGF, stem cell growth factor; SDF, stromal cell-
derived factor; TNF, tumor necrosis factor.

panels and cytokines were analyzed by Mantel test (Figure 2B). The biochemical routine and tumor markers were both
correlated with IL-6 and IL-8 (P < 0.05). Positive correlations between IL-2 and IL-4, IL-3, IL-2Ra, were observed
respectively. Also, LIF, M-CSF, IL-16 and IL-18 were positively associated with FGF, IFN-02, IL-1Ra, IL-1a, IL-2, IL-
3, and IL-4, respectively.

Screening of Prognostic Factors and Construction of CTII

In order to develop a prognostic model with higher predictive accuracy than previous models, we first selected 10 factors
significantly associated with prognosis from all cytokines and clinicopathologic parameters by univariate Cox regression
analysis (Figure 3A). The 6 optimal predictors (IL-2, IL-7, HGF, IFN-y, CA19-9 and CEA) were then selected to
compose the CTII using the LASSO regression method (Figure 3B) and ten-fold cross-validation (Figure 3C). The
coefficients of the 6 predictors were shown in Table S1. The CTII was arranged in order from low to high, and patients
were divided into high or low-CTII groups based on the median value. The K-M analysis showed that high-CTII was
significantly associated with inferior OS (P < 0.001, Figure 3D). To compare the predictive ability of CTII and SII, our
cohort was also divided into high- and low-SII groups. Similar to our previous results,'* high-SII was significantly
associated with poor OS (P = 0.018, Figure 3E).

Prognostic Significance of the CTII
According to the univariate Cox analysis, age (HR = 1.060, 95% CI 1.004 to 1.119, P = 0.037) and CTII (HR = 5.771,
95% CI 2.749 to 12.116, P < 0.001) were prognostic factors for OS (Figure 4A). In addition, multivariate Cox validated
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Figure 3 Identification of prognostic factors and construction of the circulating tumor-associated inflammatory index (CTII). (A) Forest plot of univariate Cox regression
analysis showed that 10 factors were associated with prognosis of PCLM. (B) The coefficient profiles of the least absolute shrinkage and selection operator (LASSO)
regression. (C) Selection of the tuning parameter (lambda) in the LASSO model by [10-fold cross-validation based on minimum criteria for OS. The Kaplan—Meier (K-M)
curves for the OS of patients in the training cohort based on CTII (D) and SII (E).

the CTII as an independent prognostic factor (HR = 4.767, 95% CI 2.088 to 10.885, P < 0.001) in a variety of clinical
features (Figure 4B). To describe the accuracy of the predictive index, the prognostic value of CTII and SII on OS were
further compared with time-dependent ROC. The AUCs of CTII were 0.95, 0.90 and 0.92 for 4, 6 and 8-month OS,
respectively (Figure 4C). However, the AUCs of SII were 0.52, 0.59 and 0.64, which were significantly lower than that of
CTII (Figure 4D).

Validation of the CTII

The stability of the model was evaluated by a validation cohort based on ELISA data. The K-M analysis showed that
CTII was capable of differentiating patients in validation cohorts with different outcomes (P = 0.023, Figure 4E). The
AUCs of CTII were 0.65, 0.66 and 0.62 for 4, 6 and 8-month OS, respectively (Figure 4F).
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Figure 4 Independence and accuracy of the prognostic CTII. Forest plot of univariate (A) and multivariate (B) Cox regression analysis showed that CTIl was an independent
factor for prognosis. The ROC curves of the CTII (C) and SII (D) in the training cohort. (E) The K-M curves for the OS of patients in the validation cohort based on CTII.
(F) The ROC curves of the CTIl in the validation cohort.

Discussion
In this study, a novel circulating tumor-associated inflammatory index (CTII) was constructed based on inflammatory

factors microarray assay and proved to be an independent predictor of OS in patients receiving ablation. The AUC values

of CTII were all >0.90, which were higher than that of previous reference model SII based on complete blood counts.
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Conveniently, CTII measurements are noninvasive and provide the opportunity to be performed routinely in the clinic.
Such a model that can distinguish OS is in line with the trend of personalized medicine and can provide optimal decision-
making prior to treatment.

Studies have been indicated that the tumor microenvironment in pancreatic cancer showed two main characteristics,
including tumor-promoting inflammation and tumor-suppressive immunity, which results in insusceptibility to
immunotherapy.'>'® As one of the few local treatments that could be conducted other than systemic chemotherapy in
PCLM, ablation has been reported to exhibit immunomodulatory effects on patients with advanced cancer, promoting the
expression of pro-inflammatory cytokines and immunosuppressive cytokines and inducing the release of tumor antigens.®
Studies have confirmed that the combination of radiofrequency ablation (RFA) and anti-PD-1 antibody significantly
enhances the T-cell immune response.17 Moreover, RFA has an abscopal effect on distal non-RFA tumors, therefore
reshaping the tumor immune microenvironment.'® We found that many circulating inflammatory factors were signifi-
cantly higher in patients with PCLM than in normal controls, suggesting that patients with different levels of circulating
inflammation may have different benefits from ablation.

As a composite index based on circulating inflammatory factors and tumor biomarkers, the CTII was non-invasive
and highly accurate. Combined with inflammatory cytokines HGF, IL-2, IL-7 and IFN-y and serum tumor biomarkers
CA19-9 and CEA, our CTII improved the prediction ability of survival in patients with PCLM. Recent studies have
found that IL-2 not only maintains Treg cells to suppress the immunosuppression but also stimulates conventional T cells
to promote the immune response.'® And the cytokine IL-7 are essential for the differentiation and maintenance of
T cells.?® IFN-y is associated with tumor immune surveillance and cytotoxicity. Multiple tumor-derived cytokines in
pancreatic cancer can be inhibited by IFN-y, and IFN-y has been shown to improve the efficacy of PD-1 blocking therapy
by blocking the CXCL8-CXCR2 axis and blocking macrophage transport.>' Additionally, HGF was reported to
distinguish pancreatic cancer patients from benign disease.”” Elevated serum HGF level is associated with the progres-
sion of pancreatic cancer, and HGF/mesenchymal-epithelial transition factor (c-MET) pathway has been found to play
a role in metastasis and chemotherapy resistance, as well as in the immune response, mainly by regulating the function of
dendritic cells.”*

A prospective trial found that levels of prediagnostic inflammatory biomarkers including CRP, IL-6 and TNF-aR2
were inversely associated with survival of pancreatic cancer.?” Unlike these studies, we used Lasso regression as machine
learning to avoid multicollinearity and model overfitting and used Lasso coefficients as scoring weights rather than
averaging the bisection to each factor. To the best of our knowledge, no such large-scale microarray assay has been
performed for PCLM.

The universality of SII has been demonstrated in hepatocellular carcinoma,'® colorectal cancer,® breast cancer,”’ gastric
cancer,”® renal cell carcinoma® and advanced non-small cell lung cancer,®® and SII after neoadjuvant therapy was also
reported to be a prognostic factor for resectable pancreatic cancer.’’ To investigate prognostic biomarkers for patients
receiving immune checkpoint blocking treatment, baseline SII, rather than post-treatment SII, was found to be an indepen-
dent prognostic indicator for patients with pancreatic cancer.>? And our previous studies have also demonstrated the potential
of SII in advanced pancreatic cancer.'* In this study, our cohort once again validated the association between SII and
prognosis in PCLM. However, its AUC value was much lower than that of our newly developed CTII in this study. This
suggested that more comprehensive levels of inflammatory cytokines can reflect patient outcomes more accurately.

This study has several limitations that could be improved. Further large-scale multicenter validation cohort can prove
the applicability of the model. A prospective cohort study of changes in circulating inflammatory factors before and after
treatment may yield richer conclusions. And the biological analysis of inflammatory factors obtained in this study may
further explore the underlying mechanism.

Conclusion

In summary, we identified circulating biomarkers before ablation that predict survival in patients with liver metastases
from pancreatic cancer and constructed a circulating tumor-associated inflammatory index. The index could accurately
predict the prognosis of PCLM patients and hopefully guide subsequent treatment strategies.
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