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Purpose: To assess the clinical value of the pretherapeutic systemic inflammation score (SIS) in predicting the prognosis of
hepatocellular carcinoma (HCC) after hepatic arterial infusion chemotherapy (HAIC).

Methods: From February 2016 to April 2021, 415 advanced HCC patients who underwent HAIC at Sun Yat-sen University Cancer
Center were randomly divided into training (n = 277) and validation cohorts (n = 138) and analyzed. The aspartate aminotransferase—
alanine aminotransferase ratio (AAR), lymphocyte x albumin (L x A), and neutrophil x monocyte (N x M) were used to construct the
SIS score based on a multivariate Cox analysis in the training cohort. A nomogram consisting of the SIS score was created and
evaluated by calibration plot, areas under the receiver operating characteristic (AUC) curve, and decision curve analysis (DCA).
Results: Univariate and multivariate Cox analyses revealed that the SIS score was an independent predictor of OS. A high SIS score was
associated with large tumor size (P < 0.05), multiple lesions (P < 0.01), high AFP level (P < 0.01), extrahepatic metastasis (P < 0.05), and
advanced BCLC stage (P <0.01). Kaplan-Meier analysis showed that the patients with a high SIS had shorter OS than those with a low SIS
in both the non-PD (p = 0.015) and PD group (p = 0.023). The calibration plots showed good concordance between the nomogram’s
prediction and the actual observations in both the training and validation cohorts. In the training cohort, the AUCs of the nomogram
predicting the 2-year and 3-year survival rates were 0.749 and 0.739, respectively; in the validation cohort, they were 0.760 and 0.681,
respectively. Based on the AUC and DCA, the nomogram showed better predictive ability than other predictors.

Conclusion: The pretherapeutic SIS score is a potential prognostic predictor for HCC patients undergoing HAIC.

Keywords: HCC, systemic inflammation score, nomogram, prognosis

Introduction
Hepatocellular carcinoma (HCC) is a leading cause of cancer deaths worldwide. It ranks as the sixth most common malignant
tumor and the third leading cause of cancer-related mortality." However, with the development of surveillance programs,
nearly half of HCC patients are diagnosed with advanced HCC with extrahepatic metastasis or vascular invasion.” Sorafenib
or lenvatinib is the standard systemic therapy for advanced HCC and has been reported to be effective.>* However, the
prognosis of these patients remains poor, with a median survival time of 6.4—11.5 months and a response rate of 2.3-9.3%.>*
Immunotherapy has been an effective treatment in several malignancies.” Based on the IMbrave150 trail, atezolizumab plus
bevacizumab showed good efficacy in unresectable HCC patients.'® Although immune checkpoint inhibitors have revolutionized

the treatment landscape of HCC, a response rate of 13.7-20% is still unsatisfactory.''"'* In recent years, hepatic arterial infusion
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chemotherapy (HAIC) has been demonstrated to improve the prognosis of advanced HCC patients. Compared to systemic
therapy, HAIC showed better efficacy and good tolerance with a response rate of 28.6-29.4% by infusing drugs into tumors via
the hepatic artery, which contributes to higher local concentrations of drugs and lower peripheral concentrations.'*'* Moreover,
Li et al revealed that HAIC is superior to the traditional interventional treatment, transcatheter chemoembolization (TACE), with
a longer median progression-free survival time of 9.6 months.'®> Although HAIC has been shown to be an effective treatment, 13—
34.8% of HCC patients are still resistant to HAIC.'>'® Hence, it is essential to develop a simple and reliable indicator for
identifying HAIC-sensitive populations and predicting prognosis in HCC patients after HAIC.

Inflammation plays an important role in the tumor microenvironment.'” Several studies have shown that the systemic
inflammatory response is involved in tumor development.'®'® Oxaliplatin and 5-fluorouracil, which are infused via hepatic
artery in the process of HAIC in our center, have been demonstrated to be associated with inflammation.”*%* Besides,
inflammation-related factors, such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and aspartate
transaminase to aminotransferase ratio (AAR), have been suggested to predict the prognosis of HCC patients.*** However, few
studies have developed a system that combines these indicators for prognostic prediction in HCC patients after HAIC. Therefore,
establishing a comprehensive, easy-to-use tool to predict the OS of HCC patients after HAIC is necessary. The aim of this study is
to formulate a simple and reliable predictive model in HCC patients which can serve as a valuable decision-making tool for
clinicians.

Materials and Methods

Patients and Clinical Data

From February 2016 to April 2021, the clinical records of 415 patients with primary HCC were collected retrospectively
at Sun Yat-sen University Cancer Center (SYSUCC). All patients had received HAIC. The clinical characteristics, liver
function tests and hematological markers were recorded before the first HAIC. The inclusion criteria were as follows: (1)
patients who underwent HAIC only without receiving any other therapy; (2) patients who were diagnosed with HCC
clinically or pathologically; (3) patients with complete clinical and follow-up data; and (4) Child-Pugh classification A or
B. In addition, patients were excluded if they met the following exclusion criteria: (1) received surgery, TACE,
immunotherapy, targeted therapy, or immunotherapy during follow-up; (2) diagnosed with intrahepatic cholangiocarci-
noma or combined hepatocellular and intrahepatic cholangiocarcinoma; (3) had missing clinical data; and (4) Child—Pugh
C. The tumor stage was evaluated according to the BCLC staging system. The study protocol was approved by the
Clinical Research Ethics Committee of Sun Yat-sen University Cancer Center (SYSUCC, Guangzhou, China) and all
patients provided written informed consent (Ethical review no. B2022-238-01).

Clinical data, including age, sex, hepatitis B surface antigen (HBsAg), total bilirubin, alanine aminotransferase (ALT),
aspartate transaminase (AST), albumin (ALB), alpha-fetoprotein (AFP), protein induced by vitamin K absence/antago-
nist-1I (PIVKA-II), white blood cell (WBC), neutrophil (NE), lymphocyte (LY), monocyte (MO), platelet (PLT),
C-reactive protein (CRP), Child—Pugh classifications, Barcelona Clinic Liver Cancer (BCLC) stage, liver cirrhosis,
times of HAIC, tumor size, tumor number, tumor vascular invasion, and tumor metastasis, were collected. The lab test
data were collected within five days before HAIC.

The NE to LY ratio (NLR), PLT to LY ratio (PLR), LY to CRP ratio (LCR), LY to MO ratio (LMR), CRP to ALB ratio
(CAR), AST to ALT ratio (AAR), AST to LY ratio (ALR), NE to ALB ratio (NAR), NE to MO ratio (NMR), MO to ALB ratio
(MAR), PLT to ALB ratio (PAR), NE x MO (N x M), NE x PLT (N x P), NE x CRP (N x C), MO x PLT (M x P), MO x CRP
(MxC), PLT x CRP (P x C), and LY x ALB (L x A) were calculated, where NE, LY, PLT, MO, CRP, ALB, AST, and ALT
represent the neutrophil counts (10°/L), lymphocyte counts (10°/L), platelet counts (10°/L), monocyte count (10°/L),
C-reactive protein concentration (mg/L), albumin concentration (g/L), aspartate transaminase concentration (U/L), and
aminotransferase concentration (U/L), respectively. The best cutoff value of inflammation-related indicators was identified
using the surv_cutpoint function of survminer using overall survival as the target variable (Supplemental Figure 1). The cutoff
values were as follows: NLR (2.01), PLR (154.50), LCR (0.35), LMR (3.83), CAR (0.07), AAR (0.83), ALR (32.76), NAR
(0.14), MAR (0.01), PAR (6.57), N x M (4.32), N x P (1250.20), N x C (20.41), M x P (136.00), M x C (0.82), P x C (317.24),
and L x A (40.05).
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Treatments

Unlike the traditional HAIC infusing epirubicin or cisplatin, our center conducted FOLFOX-HAIC, which was
performed every 3 weeks, and the process was described as follows: a catheter/microcatheter was placed in the major
supplying hepatic artery, and then the following regimen was infused via the hepatic artery: oxaliplatin 85 mg/m2
from hour 0 to 2 on day 1; leucovorin 400 mg/m2 from hour 2 to 3 on day 1; 5-fluorouracil 400 mg/m2 bolus at hour 3;
and 2400 mg/m2 over 46 h on days 1 and 2. The following HAIC refers to FOLFOX-HAIC.

Follow-Up and Data

Patients were followed after two HAIC procedures. When HAIC was completed, patients were followed every 3 months up to
2 years and every 6 months until 5 years. Regular examination included dynamic computed tomography scans and magnetic
resonance imaging, routine blood tests, liver function and tumor markers. Overall survival was defined as the time interval
between the date of first HAIC to the date of death or the last follow-up time. The treatment response was evaluated according
to RECIST version 1.1. The median follow-up time was 39.1 months, and the last follow-up date was December 13, 2022.

Statistical Analysis
We performed all statistical analyses with R software (version 4.2.2; https://www.r-project.org/). Student’s ¢-test was used

for continuous variables with a normal distribution, and the Mann—Whitney U-test was used for variables with an
abnormal distribution. Categorical variables were compared using the chi-square test or Fisher’s exact test. According to
the cutoff value, we defined the index of hematological markers below the cutoff value as 0 and those above the cutoff
value as 1. OS curves were described using the Kaplan—Meier method and compared using the Log rank test. Continuous
variables were transformed to categorical variables for univariate analysis, and the factors related to survival in the
univariate analysis were then incorporated into the multivariate Cox regression analysis to identify independent prog-
nostic factors. Three inflammation-related indicators (AAR, N x M, and L x A) for SIS were significantly associated with
OS. The SIS score was calculated by the formula SIS score = sum (each status of hematological index * corresponding
regression coefficient). Patients were divided into SIS-low and SIS-high groups according to the median value of the SIS
score. All reported P values are two-sided, and P < 0.05 was regarded as significant.

Nomogram

All enrolled patients were randomly divided into a training cohort or validation cohort in a 2:1 ratio. After significant factors
related to OS in the training cohort were identified by multivariate Cox regression analyses (P < 0.05), a nomogram for
predicting the 2- and 3-year OS was constructed using the rms package in R (version 4.2.2; http://www.r-project.org/).

Receiver operating characteristic (ROC) curves, the area under the curve (AUC) and decision-curve analysis (DCA) were used
to analyze the performance of the nomogram to predict OS.

Results

Clinical Characteristics of Training and Validation Cohorts

In total, 415 patients who underwent HAIC for primary HCC were included in this study. For nomogram construction
and validation, we randomly assigned patients into the training cohort (n = 277) or validation cohort (n = 138). The
clinical characteristics of the training cohort and validation cohort are summarized in Table 1. For the overall cohort,
87.71% of the patients were male, the mean age was 50.75 £ 12.09 years, 94.22% of patients were classified as Child—
Pugh class A, 90.36% of patients were HBsAg-positive, and 46.02% of patients were diagnosed with liver cirrhosis. The
median AFP and PIVKA-II levels were 1814.00 (44.38-52,483.00) ng/mL and 11,274.00 (1185.50-45,069.50) mAU/
mL, respectively. The proportion of patients with vascular invasion was 56.14%, and that of extrahepatic metastasis was
25.78%. The majority of patients had BCLC stage C HCC (65.06). A total of 62.17% of patients had multiple lesions,
and the median size of the maximum tumor was 10.40 (8.20—13.15) cm. All patients underwent HAIC only, and 31.33%
of patients experienced HAIC more than 3 times. There were no significant differences in clinical characteristics between
the training and validation cohorts (Table 1).
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Table | Baseline Characteristics for the Training and Validation Cohorts of HCC Patients Who Underwent HAIC

Variables Overall Cohort (n=415) Training Cohort (n=277) Validation Cohort (n=138) P value
Age [years; mean * SD] 50.75 £+ 12.09 50.81 = 11.93 50.63 £+ 12.46 0.888
Sex [cases (%)] 0.261
Male 364 (87.71) 247 (89.17) 117 (84.78)

Female 51 (12.29) 30 (10.83) 21 (15.22)

HBsAg [cases (%)] 0.944
Present 375 (90.36) 251 (90.61) 124 (89.86)

Absent 40 (9.64) 26 (9.39) 14 (10.14)

Child-Pugh classification [cases (%)] 0.830
A 391 (94.22) 260 (93.86) 131 (94.93)

B 24 (5.78) 17 (6.14) 7 (5.07)

Liver cirrhosis [cases (%)] 0.674
Present 191 (46.02) 130 (46.93) 61 (44.20)

Absent 224 (53.98) 147 (53.07) 77 (55.80)

Times of HAIC [cases (%)] 1.000
<3 285 (68.67) 190 (68.59) 95 (68.84)

>3 130 (31.33) 87 (31.41) 41 (31.16)

WBC (x10E9/L; mean * SD) 6.93 + 245 6.99 +2.49 6.80 + 2.38 0.453
NE (x0E9/L; mean * SD) 4.68 £ 2.13 475 +£220 454 £ 1.99 0.339
LY (xI0E9/L; mean % SD) 1.50 + 0.53 1.50 + 0.55 1.51 £ 0.50 0.806
MO (x10E9/L; mean * SD) 0.53 + 0.25 0.53 £ 0.25 0.52 + 0.26 0.680
PLT (x10E9/L; mean * SD) 235.26 + 107.55 237.13 £ 107.46 231.50 + 108.03 0.616
AST (U/L; mean * SD) 85.21 + 60.80 82.61 + 5881 90.42 + 64.52 0.218
ALT (U/L; mean * SD) 56.43 + 41.99 55.75 + 42.03 57.81 +42.03 0.639
TBIL (umol/L; mean + SD) 16.84 + 7.75 16.88 + 7.80 16.76 + 7.69 0.878
ALB (g/L; mean * SD) 39.49 £ 4.29 39.54 + 4.42 39.37 £ 4.02 0.688
AAR [cases (%)] 0.972
<0.83 59 (14.22) 40 (14.44) 19 (13.77)

>0.83 356 (85.78) 237 (85.56) 119 (86.23)

LxA [cases (%)] 0.578
<60.76 235 (56.63) 160 (57.76) 75 (54.35)

>60.76 180 (43.47) 117 (42.24) 64 (45.65)

NxM [cases (%)] 0.093
<2.15 227 (54.70) 143 (51.62) 84 (60.87)

>2.15 188 (45.30) 134 (48.38) 54 (39.13)

AFP [ng/mL; median (IQR)] 1814.00 (44.38-52483.00) 1148.00 (43.25-49533.00) 2965.00 (52.65-63378.75) 0.488
PIVKA-Il [mAU/mL; median (IQR)] 11,274.00 (1185.50—45069.50) 11,725.00 (1129.00—48342.00) 11,051.50 (1382.75—41040.50) 0.609
Tumor size [cm; median (IQR)] 10.40 (8.20-13.15) 10.30 (8.00-13.20) 10.60 (8.33-13.00) 0.618
Tumor number [case (%)] 0.150
| 157 (37.83) 112 (40.43) 45 (32.61)

>| 258 (62.17) 165 (59.57) 93 (67.39)

Vascular invasion [case (%)] 0.292
Present 233 (56.14) 150 (54.15) 83 (60.14)

Absent 182 (43.86) 127 (45.85) 55 (39.86)

Extrahepatic metastasis [case (%)] 0.985
Present 107 (25.78) 72 (25.99) 35 (25.36)

Absent 308 (74.22) 205 (74.01) 103 (74.64)

BCLC stage [case (%)] 0.579
A 23 (5.54) 15 (5.42) 8 (5.80)

B 122 (29.40) 86 (31.05) 36 (26.09)

C 270 (65.06) 176 (63.54) 94 (68.12)

Note: P value < 0.05 is statistically significant.

Abbreviations: SD, standard deviation; IQR, interquartile range; HBsAg, hepatitis B surface antigen; HAIC, hepatic arterial infusion chemotherapy; WBC, white blood cell;
NE, neutrophil; LY, lymphocyte; MO, monocyte; PLT, platelet; AST, aspartate transaminase; ALT, alanine aminotransferase; TBIL, total bilirubin; ALB, albumin; AAR, aspartate
transaminase-to-alanine aminotransferase ratio; L x A, lymphocyte % albumin; N X M, neutrophil x monocyte; AFP, alpha fetoprotein; PIVKA-II, protein induced by vitamin
K absence/antagonist-Il; BCLC, Barcelona Clinic Liver Cancer.
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Construction of the Systemic Inflammation Score

The univariate Cox analysis revealed that NLR, PLR, CAR, NAR, MAR, PAR, NX M, Nx P NxC,MxP M xC,P xC,
AAR, and ALR (p < 0.05), along with reduced LCR, LMR and L x A (p < 0.05), were significant prognostic factors for OS
(Figure 1a). However, in the multivariate analysis, only AAR, N x M and L x A were identified as independent predictors for
OS (p < 0.05) (Figure 1b). Therefore, the SIS score was constructed based on AAR, N x M, L x A and their corresponding

Univariate Cox Regression Multivariate Cox Regression

Number HRI95%CI] P Number HR[95%CI] P
NLR 277 175211251, 2453 0.001 NLR 277 — - 1106[0.702,1.743]  0.663
PR 277 - 1,458 [1.113, 1.910] 0006 PLR 277 - 0.804 0561, 1.152]  0.235
LCR 277 o 0.454 [0.319, 0.646] <0.001 LCR 217 — 0.943[0.501,1.774]  0.854
MR 277 - 0.605 [0.442, 0.829] 0.002 MR 2r . 0931[0.607, 1426]  0.741
cAR 277 - 2,385 [1.574, 3.614] <0.001 CAR 277 —m—— 0.914[0.350,2.382]  0.854
MR 277 1,545 [1.044, 2287 0.03 NAR 277 —m— 0.786 [0.504, 1.226]  0.288
AR 277 — 1,525 (1443, 2037] 0004 MAR 277 - 1.008 [0.687, 1.479]  0.967
NAR 277 —~ 1.621[1.213, 2466] 0.001 PAR 277 — 09200620, 1.393]  0.722
MAR 277 - 1.479 [1.127,1.940] 0.005 Nxm 277 e 1.685[1.026,2.768] 0.039
PAR 277 - 1.411[1.068, 1.864] 0.015 Nxp 217 T 1.366[0.838,2.226]  0.211
277 — 2,026 [1427, 2.876] <0.001 NxC 277 — B> 1411[0541,3680] 0482
NP 277 - 1.633 [1.233, 2.162] 0.001 Mxp 277 T 1.170(0.743,1.843]  0.497
N 277 —— 2,441 [1.625, 3.658] <0.001 MxC 277 —— @ 1032(0.382,2.784] 0.951
w277 - 14921133, 1965] 0004 pxc 277 — m > 2639(0.998,6978] 0.051
mc 277 ———— 2.702[1.615, 4.519] <0.001 Lxa 217 == 0.477[0.323,0.706] <0.001
b a7 o m— 28631626, 5.038] <0.001 AR 277 - 1177[0834,1662]  0.353
oo e 0,537 [0.385, 0.750] <0.001 AAR 277 | e 1566[1032,2377] 0035

05115 2 25 3

C
Calculation formula of SIS
SIS = 0.385*AAR + 0.697*NxM — 0.612*L xA
d Overall Survival e Overall Survival
SIS =+ Low =+ High SIS =+ Low =~ High

1.00 1.00

075 075
s .
5 <
P 050 2 050
s [

025 025

p=0.013 p =0.0035
0.00 000
0 12 24 36 48 60 0 12 24 36 48 60
Months Months
Number at risk Number at risk
o Llow] 33 21 1 5 4 0 o Low] 38 22 1" 5 3 2
D vigh] 244 89 33 15 4 1 D wign] 100 32 6 3 2 0
0 12 24 36 48 60 0 12 24 36 48 60
Months Months

Figure | SIS is associated with OS in patients with hepatocellular carcinoma. (a and b) Univariate Cox regression analysis (a) and multivariate Cox regression analysis (b)
between blood indicators and overall survival in the training cohort. The indicators with statistical significance (p < 0.05) are presented in bold text. (c) The calculation
formula of SIS. (d and e) Kaplan—Meier estimates of overall survival in the training cohort (d) and the validation cohort (e) of patients in the low- and high- SIS groups.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LCR, lymphocyte to C-reactive protein ratio; LMR, lymphocyte-to-monocyte
ratio; CAR, C-reactive protein-to-albumin ratio; AAR, aspartate transaminase to alanine aminotransferase ratio; ALR, aspartate aminotransferase-to-lymphocyte ratio; NAR,
neutrophil-to-albumin ratio; MAR, monocyte-to-albumin ratio; PAR, platelet-to-albumin ratio; N x M, neutrophil X monocyte; N x P, neutrophil x platelet; N x C, neutrophil
x C-reactive protein; M x P, monocyte x platelet; M x C, monocyte X C-reactive protein; P x C, platelet x C-reactive protein; L x A, lymphocyte X albumin.
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regression coefficient in the training group. The formula for the SIS score is SIS = 0.385*AAR + 0.697*N x M — 0.612*L x
A (Figure 1c). The median SIS was —0.227, patients with scores lower than —0.227 being divided into the SIS-low group, and
those with scores greater than —0.227 being divided into the SIS-high group. Kaplan—Meier estimates of OS in the training and
validation cohorts are presented in Figure 1d and e. Patients with a high SIS had a worse prognosis than patients with a low SIS
in both the training (p = 0.01) and validation cohorts (p < 0.01).

Independent Prognostic Factors for HCC

The variables listed in Table 1 were used for univariate Cox analysis, and the results are shown in Table 2. In the univariate
analysis, extrahepatic metastasis (p = 0.023), vascular invasion (p = 0.015), tumor size (p < 0.001), SIS (p = 0.014), BCLC
stage (p = 0.021), ALB (p = 0.021), and TBIL (p = 0.044), and AFP (p < 0.001) were associated with OS. The multivariate
analyses showed that extrahepatic metastasis (hazard ratio [HR], 1.521; 95% confidence interval [CI] 1.025-2.260; p=0.037),
vascular invasion (HR, 2.017; 95% CI 1.150-3.540; p = 0.014), tumor size (HR, 1.671; 95% CI 1.258-2.220; p <0.001), SIS
(HR, 1.579; 95% CI 1.018-2.450; p = 0.042), and AFP (HR, 1.506; 95% CI 1.132-2.000; p = 0.005) were independent risk
factors for OS.

Correlations Between the SIS and Clinical Characteristics

We performed a further analysis to recognize the association between SIS and the clinical characteristics (Table 3).
Compared with the SIS-low group, patients in the SIS-high group had a larger tumor size (58.67% vs 40.00%, p < 0.001),
a higher proportion of metastasis (29.67% vs 15.65%, p = 0.003), more lesions (65.67% vs 53.04%, p = 0.018) and
a more advanced BCLC stage (69.33% vs 53.91%, p < 0.001). Therefore, patients with high SIS scores were more likely
to have poor prognoses.

Table 2 Cox Regression Analysis for OS Among Clinical Characteristics and SIS in the Training

Cohort
Variable Univariate Analysis Multivariate Analysis
HR (95% CI) P value HR (95% CI) P value

Age, y (£/>50) 0.790 (0.605-1.033) 0.085

Sex (male/female) 0.861 (0.558-1.327) 0.497

HBsAg (No/Yes) 0.934 (0.589-1.479) 0.770

Extrahepatic metastasis (No/Yes) | 1.423 (1.050-1.929) 0.023 1.521 (1.025-2.260) 0.037
Vascular invasion (No/Yes) 1.400 (1.068-1.834) 0.015 2.017 (1.150-3.540) 0.014
Times of HAIC (/>3) 0.750 (0.561-1.003) 0.053

Liver cirrhosis (No/Yes) 0.812 (0.620—1.064) 0.131

Tumor size, cm (/>10) 1.671 (1.270-2.197) <0.001 1.671 (1.258-2.220) <0.001
Tumor number (1/>1) 1.239 (0.939-1.633) 0.129

SIS (£/>-0.227) 1.706 (1.110-2.610) 0.014 1.579 (1.018-2.450) 0.042
BCLC stage (A-B/C) 1.393 (1.051-1.845) 0.021

Child—Pugh classification (A/B) 0.889 (0.497-1.590) 0.692

ALT, U/L (s/>50) 1.192 (0.912-1.560) 0.199

AST, U/L (</>40) 1.216 (0.865-1.710) 0.260

ALB, U/L (</>40) 0.728 (0.556-0.953) 0.021

TBIL, umol/L (/>17.1) 1.320 (1.008-1.736) 0.044

AFP, ng/mL (£/>400) 1.659 (1.252-2.198) <0.001 1.506 (1.132-2.000) 0.005
PIVKA-II, mAU/mL (</>40) I.119 (0.497-2.521) 0.785

Note: P value < 0.05 is statistically significant.

Abbreviations: HBsAg, hepatitis B surface antigen; HAIC, hepatic arterial infusion chemotherapy; SIS, systemic inflammation
score; BCLC, Barcelona Clinic Liver Cancer; ALT, alanine aminotransferase; AST, aspartate transaminase; ALB, albumin; TBIL, total
bilirubin; AFP, alpha fetoprotein; PIVKA-II, protein induced by vitamin K absence/antagonist-II.
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Table 3 Relationship Between SIS and Clinical Characteristics

Variable SIS High (n=300) SIS Low (n=115) P value
AFP (<400 ng/mL/>400 ng/mL) 113 (37.67)/187 (62.33) 48 (41.74)/67 (58.26) 0.446
PIVKA (£40mAU/mL/>40mAU/mL) 12 (4.00)/288 (96.00) 3 (2.61)/112(97.39) 0.769
Tumor size (10 cm/>10 cm) 124 (41.33)/176 (58.67) 69 (60.00)/46 (40.00) <0.001
Vascular invasion (-/+) 123 (41.00)/177 (59.00) 59 (51.30)/56 (48.70) 0.058
Metastasis (-/+) 211 (70.33)/89 (29.67) 97 (84.35)/18 (15.65) 0.003
Tumor number (1/>1) 103 (34.33)/197 (65.67) 54 (46.96)/61 (53.04) 0.018
BCLC stage (A/B/C) 8 (2.67)/84 (28.00)/208 (69.33) | 15 (13.04)/38 (33.04)/62 (53.91) <0.001

Notes: Values are presented as n (%). P value < 0.05 is statistically significant.
Abbreviations: SIS, systemic inflammation score; AFP, alpha fetoprotein; PIVKA-II, protein induced by vitamin K absence/antagonist-Il; BCLC,
Barcelona Clinic Liver Cancer.

Association Between SIS and OS in Different Response to HAIC

According to treatment response, patients were divided into the non-PD and PD group. Among the 116 patients in the
non-PD group, 46 were defined as partial response (PR) and 70 were defined as stable disease (SD). There are 115
patients defined as progressive disease (PD) in the PD group. Kaplan—Meier estimates of OS in the non-PD and PD group
are presented in Supplemental Figure 1. Patients with a high SIS had a worse prognosis than patients with a low SIS in
both the non-PD (p = 0.015) and PD group (p = 0.023).

Development and Validation of the Nomogram

The nomogram that integrated the SIS and other independent prognostic factors for OS prediction is presented in
Figure 2 and the web-based tool is available at https://nomoforhaic.shinyapps.io/DynNomapp/. The calibration curves for
2-year and 3-year OS suggested acceptable agreements between the nomogram and actual observation in both the
training and validation cohorts (Figure 3). To further assess the accuracy of the nomogram, ROC analysis was performed.
The AUCs of the nomogram predicting the 2-year and 3-year survival rates were 0.749 and 0.739 in the training cohort,
respectively (Figure 4a); in the validation cohort, they were 0.760 and 0.681, respectively (Figure 4b). In addition, when
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Figure 2 Nomogram depicting 2- and 3-year overall survival probability for patients with hepatocellular carcinoma.
Abbreviations: SIS, systemic inflammation score; AFP, alpha fetoprotein.
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Figure 3 Calibration plots of overall survival in the training and validation cohorts. (a and b) Calibration plot of the nomogram for 2-year survival in the training cohort (a)
and validation cohort (b). (c and d) Calibration plot of the nomogram for 3-year survival in the training cohort (c) and validation cohort (d).

compared with metastasis, AFP, SIS, tumor size, BCLC stage and vascular invasion, the nomogram showed the best
ability to predict 2-year and 3-year OS in both the training and validation cohorts (Figure 4c—f). Finally, DCA
demonstrated that the SIS-based nomogram had a higher net benefit in predicting 2-year and 3-year OS (Figure 5a—d).

Discussion

HCC is the sixth most common malignant tumor with a high mortality rate worldwide.! The treatments vary in HCC
patients with different stages, and the BCLC staging system is widely used in HCC staging and prognostic prediction.
However, due to tumor heterogeneity, patients with the same stage may have different responses to HAIC. The possible
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survival of the nomogram and other prognostic factors in the training cohort (a) and validation cohort (b). (c and d) DCA curves compared the standardized net benefit for
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causes are as follows. First, the BCLC staging system was developed based on the Western population. The main
etiology of HCC is hepatitis C virus infection and alcohol use in Western countries. However, hepatitis B virus (HBV)
infection is the major cause of HCC in Asia.?® In addition, inflammation is considered the seventh hallmark of cancer and
plays an important role in the development of almost all human tumors.*®?” For example, chronic gastritis induced by
Helicobacter pylori is correlated with gastric cancer.’’ Obesity promotes the development of pancreatic cancer by
augmenting the release of IL-1p and the recruitment of tumor-associated neutrophils.”® HBV infection can induce
inflammation by promoting the infiltration of immunosuppressive cells in HCC.? Nevertheless, the BCLC staging
system focuses on the tumor burden without including the inflammatory status of patients. Therefore, we conducted this
study to develop a novel inflammation indicator to identify patients who benefit from HAIC and predict patients’
prognosis better.
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In our study, we collected clinical data from 415 patients for further analysis (Table 1). Univariate and multivariate Cox
regression analyses were used to identify independent prognostic indicators and then construct the SIS score based on AAR,
N x M and L x A (Figure 1). Then, we developed a nomogram based on the SIS and other independent prognostic factors
(Figure 2) and validated it by calibration curve, ROC analysis and DCA (Figures 3-5). The results suggested that the
nomogram showed better ability in predicting the prognosis of HCC patients after HAIC.

To date, the effect of treatments for HCC, such as surgery and immunotherapy, has been reported to be associated
with inflammation.*®! In our research, the SIS, which integrates AST, ALT, albumin, neutrophils, monocytes and
lymphocytes, was an independent predictor for HCC patients undergoing HAIC. AST, ALT and albumin, which are
known liver function indicators, have been reported as prognostic factors in various types of cancer. Canat et al found
that the AST to ALT ratio was associated with tumor progression in patients with localized renal cell carcinoma.*? Wang
et al showed that an increased AST to ALT ratio was an independent prognostic factor for biochemical recurrence-free
survival in patients with prostate cancer.’® Lim et al reported that patients with low albumin levels experienced a high
risk of tumor progression and cancer-specific and overall mortality in head and neck squamous cell carcinoma.>* In
addition, tumor-associated neutrophils (TANs) and tumor-associated monocytes (TAMs) are present in the tumor
microenvironment of various cancers, where they can enhance tumor cell invasion and metastasis.*> Zhou et al found
that the interaction of TANs and TAMs activated STAT3 signaling to promote the proliferation and invasion of
intrahepatic cholangiocarcinoma.*® Lymphocytes are an important part of antitumor immunity. Federico et al showed
that increasing the infiltration of T cells in the tumor microenvironment is associated with a good prognosis.’’ In
summary, there is a close relationship between tumor prognosis and AST, ALT, albumin, neutrophils, monocytes and
lymphocytes. With our nomogram that contains these indicators, it is potentially possible to distinguish the optimal
candidates for HAIC, which would precisely contribute to survival.

With the growing understanding of tumor microenvironment, inflammation plays a more and more important role in
tumor suppression and progression. Exploring the correlation between inflammation and treatment contributes to
elucidating the mechanism of drug resistance. Our study found out the relationship between HAIC and inflammation
and showed that the inflammatory markers are associated with prognosis of HCC patients after HAIC. Patients with high
SIS were better treated with other therapy, such as tyrosine kinase inhibitors and immune checkpoint inhibitors, rather
than HAIC. In the future, further research on the association between HAIC and inflammation can help solve the HAIC
resistance and improve efficacy.

There are still some limitations of this study. First, this is a retrospective single-center study. Although we validated
the nomogram, the patients in the training and validation cohorts were enrolled from a single center, thereby easily
leading to bias. Second, some special conditions like infection or inflammation in other tissue can influence the levels of
the neutrophils, monocytes and lymphocytes, which may result in an interference with measurements. In addition, we
analyzed HCC patients who underwent HAIC only, while some advanced HCC patients received HAIC combined with
targeted therapy or immunotherapy. Multicenter, large-scale, prospective studies are needed to improve the nomogram
for future use.

Conclusion
In summary, we constructed the pretreatment SIS score based on inflammation indicators and developed a nomogram for
predicting the OS for HCC patients who underwent HAIC, demonstrating favorable performance and clinical usability.
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