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Purpose: To investigate the value of preoperative systemic inflammation response (SIRS) score in predicting the prognosis of
hepatocellular carcinoma (HCC) after hepatectomy.

Patients and Methods: The study analyzed 1001 patients with pathologically proven HCC who received curative resection at Sun
Yat-sen University Cancer Center between March 2016 and May 2020. Patients were randomly divided into a training cohort (n = 751)
and a validation cohort (n = 250). Clinicopathological characteristics were collected retrospectively. The SIRS score formula was
based on the results of a multivariate cox analysis of hematological inflammation indexes in the training cohort. Then, a nomogram
consisting of the SIRS score was constructed and the calibration plot, areas under the receiver operating characteristic (AUC) curve,
and decision curve analysis (DCA) showed good predictive ability.

Results: Univariate and multivariate cox analysis revealed that the SIRS score is an independent prognostic factor for OS in HCC
patients. A higher SIRS score was associated with a larger maximum lesion diameter, poor tumor differentiation, a greater possibility
of vascular invasion, and a more advanced cancer stage. When the nomogram was used to predict 1-year, 3-year, and 5-year survival
rates, the AUC in the training cohort was 0.763, 0.712, and 0.687, respectively; In the validation cohort, it was 0.715, 0.648, and 0.614,
respectively. The AUC of this nomogram showed significantly better predictive performance than those of commonly used staging
systems.

Conclusion: The preoperative SIRS score has good efficacy in predicting the prognosis of HCC patients undergoing hepatectomy,
and nomograms based on the SIRS score can potentially guide individualized follow-up and adjuvant therapy.
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Introduction

Liver cancer is one of the most common malignant tumors, and its incidence ranks sixth, and morality ranks third
worldwide in 2020 among 185 countries.! Hepatocellular carcinoma (HCC) is the most common type of primary liver
cancer and accounts for 90% of all cases.” The Barcelona Clinic Liver Cancer (BCLC) stage is the most widely used
staging system that guides therapeutic strategy in clinical settings.” Despite recent progress in targeted therapy and
immunotherapy in HCC, surgical resection remains one of the most important curative treatment strategies. However,
due to the underlying heterogeneity, patients with the same BCLC stage receive similar surgery but have different
prognoses. It is essential to carry out more precise preoperative assessments of HCC patients. As more and more
attention has been paid to precision medicine, liquid biopsy* like circulating tumor DNA (ctDNA) detection’ and
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circulating cell-free DNA (cfDNA) detection® has been used for the stratification of the prognosis of HCC patients.
Although improving the accuracy of prediction, the high costs of these emerging technologies make their use limited.
Therefore, it is of great importance to develop simple, inexpensive, reliable indicators for predicting prognosis in HCC
patients.

Inflammation plays a key role in the tumor microenvironment, and it is considered to be the seventh “hallmark” of
cancer.”® It is widely accepted that systemic inflammatory responses reflect the secretion of angiogenic, DNA damage,
and tumor invasion through the up-regulation of cytokines.”'® Chronic hepatitis B is the leading cause of morbidity and
mortality of liver cancer in Asia,'' and long-term exposure to HBV infection induced liver inflammation, fibrogenesis,
and oxidative stress resulting in cirrhosis and even to liver cirrhosis.'? In addition, inflammation-related indicators such
as C-reactive protein,'® platelet lymphocyte ratio (PLR),'* neutrophil-lymphocyte ratio (NLR),'®> lymphocyte to mono-
cyte ratio (LMR),'® and systemic immune-inflammation index (SII)'” have been reported to be independent prognostic
factors for HCC, but the underlying mechanism is very complex. Using a single existing inflammation indicator may
raise the risk of bias, and using a combined model could reduce the potential error. Nevertheless, there were few reports
about a comprehensive analysis of these inflammation indices in HCC patients. Therefore, this study aims to evaluate the
prognostic value of systemic inflammation response score (SIRS) as an independent factor to integrate all significant
inflammation indices and build a simple, inexpensive, and reliable prediction model in HCC patients.

Materials and Methods

Patients
We retrospectively analyzed 1001 HCC patients who received liver resection at Sun Yat-sen University Cancer Center
between March 2016 and May 2020.

The inclusion criteria were as follows: (1) pathologically diagnosed as hepatocellular carcinoma (HCC), (2) naive
treatment, (3) liver function Child-Pugh A or B, (4) Eastern Cooperative Oncology Group (ECOG) performance status of
0-1, (5) received curative resection.

The exclusion criteria included (1) pathologically confirmed ICC or combined hepatocellular and intrahepatic
cholangiocarcinoma, (2) other synchronous malignancies, (3) patients with distant metastasis (eg, lung, bone), (4)
posttreatment survival time of less than 1 month, (5) lack of a follow-up assessment, (6) liver function Child-Pugh C,
(7) received targeted therapy, immunotherapy, transarterial chemoembolization (TACE), or hepatic arterial infusion
chemotherapy (HAIC) before surgery.

All enrolled patients were randomly separated into a training cohort or validation cohort in a 3:1 ratio.

Data Collection and Cut-Off

The lab test data were collected within three days before surgery. Serum samples were collected and clotted at room
temperature, then centrifuged at 3500r/min for 10 min, which could be used to estimate the level of serum biomarkers.
Albumin concentrations were measured using a Roche Cobas 702 Automatic Biochemical Analyzer. Albumin and total
proteins were measured using colorimetry. Neutrophils, lymphocytes, monocytes, and platelet counts were evaluated
using the XN-2000 automated hematology analyzer. The coefficient of variation of the two tests in our laboratory is <5%.
Child-Pugh classifications and Barcelona Clinic Liver Cancer (BCLC) staging were calculated accordingly. Tumor grade,
tumor number, and vascular invasion were recorded as described in the pathology report. The size of the tumor was
recorded as the longest diameter on pathological size. The platelet-lymphocyte ratio (PLR), neutrophil-lymphocyte ratio
(NLR), platelet-monocyte ratio (PMR), neutrophil-monocyte ratio (NMR), lymphocyte-monocyte ratio (LMR), lympho-
cyte-CRP ratio (LCR), neutrophil-albumin ratio (NAR), monocyte-albumin ratio (MAR), platelet-albumin ratio (PAR),
CRP-albumin ratio (CAR), neutrophilxmonocyte (NxM), neutrophilxplatelet (NxP), neutrophil XCRP (NxC), mono-
cytexplatelet (MxP), monocytexCRP (MxC), plateletxCRP (PxC), and lymphocytexalbumin (LxA) were calculated as
follows: PLR=P/L; NLR=N/L; PMR=P/M; NMR=N/M; LMR=L/M; LCR=L/C; NAR=N/A; MAR=M/A; PAR=P/A,;
CAR=C/A; NxM=N*M; NxP=N*P; NxC=N*C; MxP=M*P; MxC=M*C; PxC=P*C; and LxA=L*A, where P, N, L, M,
C, A represent the platelet (10°/L) counts, neutrophil (10°/L) counts, lymphocyte (10°/L) counts, monocyte (10%/L)
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counts, c-reactive protein (mg/L) counts, and albumin (g/L) counts, respectively, and continuous variables were
converted to categorical variables. The best cut-off value for laboratory variables was identified using the surv_cutpoint
function of survminer using overall survival as the target variable (Supplemental Figure 1). The cut-off values were as
follows: ALB (45.9 g/L), C-reactive protein (CRP) (5.78 mg/L), PLR (106.03), NLR (1.30), PMR (357.14), NMR
(10.94), LMR (3.27), LCR (0.25), NAR (0.09), MAR (0.01), PAR (4.84), CAR (0.13), NxM (1.36), NxP (1006.72), NxC
(20.41), MxP (152.50), MxC (1.92), PxC (1162.04), and LxA (73.95).

Follow-Up and Data

Patients were followed every 3 months up to 2 years and every 6 months until year 5. Patients needed to receive
radiological examinations such as dynamic computed tomography (CT) scans, magnetic resonance imaging (MRI), and
chest radiography on time. Laboratory tests included blood routine, liver function, and liver tumor markers. Overall
survival (OS) was calculated from the date of surgery to the date of death or the last follow-up time. The last follow-up
was conducted in November 2022.

Statistical Analysis
We performed all Statistical analyses with SPSS 24.0 software version 26.0 (IBM Corporation, Armonk, NY, USA) and
R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria. http:/www.r-project.org). Two-tailed t-tests,

ANOVA tests, or Spearman correlation tests were conducted for continuous variables and chi-squared tests were used for
categorical variables. According to the cut-off value, we defined the result of hematological indexes below the cut-off value as
0 and above the cut-off value as 1. Univariate and multivariate cox regression analyses were performed to find prognostic
indicators of OS. Three hematological indexes (PLR, NLR, and MxC) for SIRS were significantly associated with OS. The
SIRS score of each patient was calculated according to the following formula: SIRS score =sum (each status of hematological
index *corresponding regression coefficient). Patients were divided into SIRS-low and SIRS-high groups according to the
median value of the SIRS score. And nomogram was constructed to predict OS at 1, 3, and 5 years. The performance
characteristics of the predictive nomogram were evaluated by calibration plots. Receiver operating characteristics (ROC
curves), decision-curve analysis (DCA), and the area under the curve (ACU) were calculated to analyze the predictive
accuracy of the nomogram. The test level (alpha) was set at 0.05, and all tests were two-tailed.

Results

Clinical-Pathological Characteristics

A total of 1001 HCC patients who underwent hepatectomy were enrolled in this study. Patients were randomly separated
into a training (n = 751) or validation cohort (n = 250) in a 3:1 ratio. There were no significant differences in terms of
baseline clinicopathological characteristics between the training and validation groups. (Table 1). The training cohort was
used to build the SIRS formula and prognostic model, and the validation cohort was used to assess its accuracy. There
were 859 males and 142 females with a median age of 55.8 + 11. 9 years in this study; The proportion of HBsAg-positive
patients was 72.5%, and that of HCV-Ab was 2.3%; The majority of patients with tumor present were BCLC stage
A (56.0%); The positive rates of alpha-fetoprotein (AFP), des-gamma-carboxyprothrombin (DCP), carcinoembryonic
antigen (CEA), and cancer antigen 199 (CA19-9) were 55.1%, 71.7%, 12.5%, and 22.9% respectively.

The Construction of Systemic Inflammation Score and Its Relationship with OS

In addition, we assessed the prognostic power of ALB, CRP, PLR, NLR, PMR, NMR, LMR, LCR, NAR, MAR, PAR, CAR,
NxM, NxP, NxC, MxP, MxC, PxC, and LxA in 1001 patients, with a purpose to identify the association between patients’
survival and systemic inflammation score. The univariate cox analysis demonstrated that evaluated CRP, NLR, CAR, NxC,
MxC, and PxC levels (p < 0.05), along with reduced PLR, LCR, PAR, NxP, and MxP (p < 0.05) were associated with poor
outcome (Figure 1A). However, multivariate cox analysis showed that only PLR, NLR, and MxC were independent
prognostic hematological factors for OS in HCC patients (p < 0.05) (Figure 1B). Thus, the SIRS score of each patient was
based on three hematological indexes and their corresponding regression coefficient in the training group. Eventually, the
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Table | Baseline Clinicopathological Characteristics of the Patients

Variables Median (Range) or Number (Proportion, %) P value
Total Cohort Training Cohort Validation Cohort
(n=1001) (n =751) (n =250)
Age, years 558 I1.9 558+ 11.8 56.0 + 12.2 0.906
Gender (male/female, %) 859 (85.8)/142 (14.2) 649 (86.4)/102 (13.6) 210 (84.0)/40 (16.0) 0.398
HBsAg (%, %) Unknown | 726 (72.5)/170 (17.0)/105 550 (73.2)/125 (16.6)/76 176 (70.4)/45 (18.0)/29 0.612
(10.5) (1o.1) (11.6)
HCV-Ab (%, %) Unknown 23 (2.3)/873 (87.2)/105 15 (2.0)/660 (87.9)/76 8 (3.2)/213 (85.2)/29 0.371
(10.5) (1o.1) (11.6)
Child-Pugh classifications 991 (90.0)/10 (10.0)/0 (0) 745 (99.2)/6 (0.8)/0 (0) 246 (98.4)/4 (1.6)/0 (0) 0.278
(A/BIC, %)
PLT (x10°/L) 200.1 £ 72.9 147.8 + 15.8 1484 = 155 0.352
ALB (g/L) 437 £32 43.6 £32 438 +33 0.622
HGB (g/L) 148.0 £ 15.7 147.8 + 15.8 1484 + 155 0.352
WBC (109/L) 60+ 17 60+ 17 6.1 £17 0.307
NE (109/L) 3513 3513 36+ 14 0.129
LYM (109/L) 1.8 0.6 1.9+ 0.6 1.8+0.6 0.391
MONO (109/L) 04+02 04+02 0402 0.765
ALT (U/L) 39.7 £299 39.2 £295 41.3 308 0.790
AST (U/L) 367 £259 36.6 +26.2 369 £25.0 0.525
TBIL (umol/L) 138+ 114 139+ 128 13.3+53 0.757
PT (s) 11.9+08 11.9+08 11908 0.840
APTT (s) 272 +£37 273 +£38 269 £ 3.3 0.382
NLR (<1.30/>1.30) 199 (19.9)/802 (80.1) 155 (20.6)/596 (79.4) 44 (17.6)/206 (82.4) 0.341
PLR (<106.03/>106.03) 504 (50.3)/497 (49.7) 381 (50.7)/370 (49.3) 123 (49.2)/127 (50.8) 0.729
MxC (<1.92/21.92) 779 (77.8)1222 (22.2) 585 (77.9)/166 (22.1) 194 (77.6)/56 (22.4) 0.992
CEA (5 ng/mL) 4.1 £30.7 4.5+ 354 28+ 18 0.156
DCP (40mAU/mL) 5030.7 + 14,250.4 5141.6 + 14,290.2 4697.3 + 14,1535 0.758
AFP (25 ng/mL) 6202.8 + 20,385.6 6191.7 £ 20,239.5 6236.0 + 20,859.5 0.353
CA19-9 (35 U/mL) 27.8 £ 36.7 275 £ 375 28.7 £ 34.1 0.828
CEA (<5 ng/mL/>5 ng/mL) 876 (87.5)/125 (12.5) 652 (86.8)/99 (13.2) 224 (89.6)/26 (10.4) 0.297
DCP (<40mAU/mL/240mAU/mL) 213 (21.3)/718 (71.7) 164 (21.8)/587 (78.2) 49 (19.6)/201 (80.4) 0.510
AFP (<25 ng/>25 ng) 449 (44.9)/551 (55.1) 333 (44.3)/418 (55.7) 116 (46.4)/134 (53.6) 0.622
CA19-9 (<35 U/mL/=35 U/mL) Unknown 726 (72.5)1229 (22.9)/46 538 (71.6)/174 (23.2)/39 188 (75.2)/55 (22.0)/7 0.630
(4.6) (5.2) (2.8)
Tumor size (<5.0cm/>5.0 cm, %) 651 (65.0)/350 (35.0) 488 (65.0)/263 (35.0) 163 (65.2)/87 (34.8) 1.000
Tumor numbers (one/two/more/ 493 (49.3)/176 (17.6)/332 372 (49.5)/124 (16.5)/255 121 (48.4)/52 (20.8)/77 0.276
than two, %) (33.2) (34.0) (30.8)
Presence vascular invasion (%, %) 26 (2.5)/975 (97.4) 17 (2.3)/734 (97.7) 9 (3.6)/241 (96.4) 0.357
Barcelona Clinic Liver Cancer 561 (56.0)/376 (37.6)/64 419 (55.8)/285 (37.9)/47 142 (56.8)/91 (36.4)/17 0.887
staging (A/B/C, %) (6.4) (6.3) (6.8)
Tumor differentiation (High/ Unknown 32 (3.2)/490 (49.0)/428 25 (3.3)/368 (49.0)/325 7 (2.8)/122 (48.8)/103 0.904
Medium/Low, %) (42.8)/51 (5.1) (43.3)/33 (4.4) (41.2)/18 (7.2)
ALBI grade (I/11/111, %) 961 (96.0)/85 (8.5)/0 (0) 689 (91.7)/62 (8.3)/0 (0) 227 (90.8)/23 (9.2)/0 (0.4) 0.739

Abbreviations: HBsAg, hepatitis B surface antigen; HCV-Ab, hepatitis C virus antibody; PLT, platelet; ALB, albumin; HGB, hemoglobin; WBC, white blood cell; NE,
neutrophil; LYM, lymphocyte; MONO, monocyte; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; PT, prothrombin time; APTT,
Activated partial thromboplastin time; CEA, carcinoembryonic antigen; DCP, des-gamma-carboxyprothrombin; AFP, alpha-fetoprotein; CA19-9, cancer antigen 199; NLR,

neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MXC, monocyteXc reactive protein; ALBI, albumin-bilirubin.

SIRS score of each patient is calculated as the following formula: SIRS = —0.696*PLR + 0.660*NLR + 0.944*MxC
(Figure 1C). The median of the SIRS score (median = 0.248) was defined as the demarcation value, the score of patients
less than 0.248 was defined as the SIRS-low group, and those greater than 0.248 were defined as the SIRS-high group. Then
a Kaplan-Meier analysis was performed (Figure 1D and E). Both in the training and validation cohort, patients in the SIRS-

high group had a worse prognosis compared with patients in the SIRS-low group (p < 0.001).
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A Univariate Cox regression B Multivariate Cox regression
No.of patients HR(95% CI) No.of patients HR(95% Cl)

ALB 1001 n 0770 (0.538-1.103) CRP 1001 #— 2583 (0.740-9.016)
CRP 1001 & 2.350(1.726-3.201) PLR 1001 | 0.600 (0.431-0.835)
PLR 1001 U 0.694 (0.520-0.926) NLR 1001 N 2.263 (1.459-3.511)
NLR 1001 @ 1.631(1.078-2.466) LCR 1001 n 0.993 (0.496-1.985)
PMR 1001 ] 0.748 (0.551-1.014) PAR 1001 [ 0.921 (0.610-1.392)
NMR 1001 B 0746(0.505-1.102) CAR 1001 [ 2.204 (1.616-3.007)
MLR 1001 [ ] 0.849 (0.591-1.221) NxP 1001 m 0.693 (0.410-1.173)
LMR 1001 W 1.317 (0.892-1.946) NxC 1001 [ ] 0.997 (0.489-2.033)
LCR 1001 ) 0.454 (0.331-0.622) MxP 1001 [ | 0.737 (0.363-1.496)
NAR 1001 [ ] 0.769 (0.560-1.056) MxC 1001 ® 2,011 (1.024-3.948)
MAR 1001 [ | 0.816 (0.607-1.098) PxC 1001 [ ] 1.564 (0.780-3.137)
PAR 1001 4 0.698 (0.513-0.949) Trgmms

CAR 1001 © 2.204 (1.616-3.007)

NxM 1001 [ ] 0.809 (0.607-1.079)

NxP 1001 * 0.626 (0.424-0.925)

NxC 1001 & 2.336 (1.715-3.182)

MxP 1001 * 0.491 (0.267-0.902)

MxC 1001 © 2.374 (1.768-3.189)

PxC 1001 & 2199 (1.619-2.986)

LxA 1001 [ | 0.784 (0.590-1.041)

051525
c The ostimates
Formula of SIRS based on Multivariate COX regression analyasis
SIRS=-0.696*PLR+0.660*NLR+0.944*MxC
OS of Training cohort OS of Validation cohort

Overall Survival .
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Group = SIRS Low = SIRS High
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1.00 100]  m—
“h‘\__\—_‘- v

3 s - s ﬁ‘-‘_‘—\—-.—‘_‘__

g 2

g 2

3 5

3 0.50 @ 050

S o

2 o
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Figure | SIRS is associated with OS in patients with hepatocellular carcinoma. (A and B). Results of the univariate Cox regression analysis and multivariate Cox regression
analysis between hematological markers of inflammation and overall survival in the training cohort. (C). The computational formula of SIRS. (D). Kaplan—Meier curves for
the overall survival of patients in the high- and low-SIRS groups in the training cohort. (E). Kaplan—Meier curves for the overall survival of patients in the high- and low-SIRS
groups in the validation cohort.

Abbreviations: ALB, serum albumin; CRP, C-reactive protein; PLR, platelet-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; PMR, platelet-monocyte ratio; NMR,
neutrophil-monocyte ratio; LMR, lymphocyte-monocyte ratio; LCR, lymphocyte-CRP ratio; NAR, neutrophil-albumin ratio; MAR, monocyte-albumin ratio; PAR, platelet-
albumin ratio; CAR, CRP-albumin ratio; NxM, neutrophilxmonocyte; NxP, neutrophil*platelet; NxC, neutrophilxCRP; MxP, monocytexplatelet; MXC, monocytexCRP;
PxC, plateletxCRP; LxA, lymphocytexalbumin.
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SIRS Score is an Independent Prognostic Factor for OS

To further explore whether the SIRS score is an independent prognostic factor, the clinical characteristics variables and
SIRS score were included in a univariate and multivariate Cox regression for OS. The univariate analyses showed that
CRP, SIRS, Tumor size, AFP, CA19-9, DCP, Grade, Vascular invasion, and Child-Pugh score were associated with OS
(p < 0.05). In the multivariate study, we demonstrated that SIRS (hazard ratio [HR] = 1.806, 95% confidence interval
[CI]:1.268-2.573; p = 0.001), Tumor size (HR = 1.604, 95% CI: 1.145-2.246; p = 0.005), CA19-9 (HR = 1.625, 95%
CI:1.181-2.236; p = 0.003), Grade (HR = 1.754, 95% CI:1.269-2.424; p = 0.001), and Vascular invasion (HR = 2.468,
95% CI:1.376—4.423; p = 0.001) were independent factors of OS (Table 2). These results suggested that SIRS remained
a reliable prognostic factor in HCC patients after adjustment for other well-known clinicopathologic prognostic factors.

The Association Between SIRS and the Clinical Characteristics

To understand the relationships between the clinical characteristics and SIRS, we took a further analysis (Table 3). The result
showed that compared with patients in SIRS low group, patients in SIRS high group were more likely to have larger maximum
lesion diameter (43.4% vs 27.9%, p < 0.001), poor tumor differentiation (46.7% vs 39.4%, p = 0.047), more proportion of

Table 2 Results of the Univariate Cox Regression Analysis and Multivariate Cox

Regression Analysis for OS Among the Clinical Characteristics and SIRS

Variables Univariate Cox Analysis Multivariate Cox Analysis
HR (95% CI) P-value HR (95% CI) P-value
Age 0319
<65 Reference
>65 1.172 (0.858-1.601)
CRP <0.001* 0.652
<5.78 Reference Reference
>5.78 2.350 (1.726-3.201) 1.092 (0.741-1.610)
ALB 0.154
<459 Reference
>459 0.770 (0.538-1.103)
HBsAg 0.162
Negative Reference
Positive 1.346 (0.888-2.041)
HCV-Ab 0.478
Negative Reference
Positive 0.661 (0.211-2.071)
SIRS <0.001* 0.001*
Low Reference Reference
High 2.302 (1.713-3.095) 1.806 (1.268-2.573)
Gender 0.087
Male Reference
Female 1.498 (0.942-2.382)
Tumor size <0.001* 0.005*
<5cm Reference Reference
>5cm 2.241 (1.686-2.980) 1.604 (1.145-2.246)
Tumor number 0.142
| Reference
2 1.114 (0.744-1.668) 0.600
23 1.373 (1.003-1.878) 0.048
AFP <0.001* 0.108
<25 Reference Reference
225 1.802 (1.332-2.438) 1.315 (0.939-1.842)
(Continued)
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Table 2 (Continued).
Variables Univariate Cox Analysis Multivariate Cox Analysis
HR (95% CI) P-value HR (95% CI) P-value
CAI9-9 0.007* 0.003*
<35 Reference Reference
235 1.533 (1.125-2.090) 1.625 (1.181-2.236)
DCP <0.001* 0.164
<40 Reference Reference
240 2.540 (1.598-4.038) 1.438 (0.872-2.370)
CEA 0.189
<5 Reference
25 1.304 (0.878-1.936)
Grade <0.001* 0.001*
I, Il Reference Reference
1l 2.254 (1.671-3.041) 1.754 (1.269-2.424)
Vascular invasion <0.001* 0.001*
No Reference Reference
Yes 3.912 (2.269-6.746) 2.468 (1.376-4.423)
Child-Pugh score 0.008* 0.196
A Reference Reference
B 3.332 (1.370-8.106) 0.019 1.947 (0.710-5.339)
ALBI 0.154
| Reference
Il 0.770 (0.538-1.103)
Note: *P-value < 0.05 is statistically significant in both univariate and multivariate analyses.
Abbreviations: CRP, ¢ reactive protein; HBsAg, hepatitis B surface antigen; HCV-Ab, hepatitis C virus antibody;
CEA, carcinoembryonic antigen; DCP, des-gamma-carboxyprothrombin; AFP, alpha-fetoprotein; CA19-9, cancer
antigen 199; ALBI, albumin-bilirubin.
Table 3 Relationship Between SIRS and Clinical Characteristics
Variables Median (Range) or Number (Proportion, %) P value
Total SIRS High SIRS Low
(n=1001) (n =456) (n =545)
CAI19-9 (<35 U/mL/=35 U/mL) Unknown | 726 (72.5)/229 (22.9)/ | 326 (71.5)/110 (24.1)/ | 400 (73.4)/119 (21.8)/ 0.407
46 (4.6) 20 (4.4) 26 (4.8)
Tumor size (<5.0cm/>5.0 cm, %) 651 (65.0)/350 (35.0) 258 (56.6)/198 (43.4) 393 (72.1)/152 (27.9) <0.001*
Presence vascular invasion (&, %) 26 (2.5)/975 (97.4) 17 (3.7)/439 (96.3) 9 (1.7)/536 (98.3) 0.040*
Barcelona Clinic Liver Cancer staging 561 (56.0)/376 (37.6)/ | 237 (52.0)/182 (39.9)/ | 324 (59.4)/194 (35.6)/ 0.023*
(A/BIC, %) 64 (6.4) 37 (8.1) 27 (5.0)
Tumor differentiation (High, Medium/ | Unknown | 522 (52.2)/428 (42.8)/ | 226 (49.6)/213 (46.7)/ | 296 (54.3)/215 (39.4)/ 0.047*

Low, %)

51 (5.1)

17 3.7)

34 (6.2)

Note: *P-value < 0.05 is statistically significant.
Abbreviation: CA19-9, cancer antigen 199.

vascular invasion (3.7% vs 1.7%, p = 0.040). Thus, the cancer stage was more advanced in the SIRS high group than in the

SIRS low group (p = 0.023), which also explained the poorer prognosis of patients in the SIRS high group.

Nomogram Construction and Validation
We constructed a nomogram (Figure 2A) to quantify the results of multivariate cox regression in the training cohort.

Vascular invasion, the variable with the largest absolute coefficient value, was set as a reference whose scale range
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Figure 2 Nomogram predicting the overall survival for patients with hepatocellular carcinoma. (A). Nomogram for predicting OS of hepatocellular carcinoma patients after
surgery. (B and C). Calibration plot of the nomogram for |-year survival in the training cohort and validation cohort. (D and E). Calibration plot of the nomogram for 3-year
survival in the training cohort and validation cohort. Calibration plot of the nomogram for 5-year survival in the training cohort and validation cohort. (F and G).
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ranged from 0 to 100 points. Compared to other variables, the risk point scores of high SIRS made up a high proportion
of the nomogram (85 points). After summing up the total point score and locating it on the total point scale,
a corresponding probability of the 1-year, 3-year, and 5-year survival rates was calculated for each individual. The
calibration plot showed that the nomogram was well calibrated in the training cohort with bootstrap sampling (n = 679)
and validation cohort (n = 227) (Figure 2B—G). The accuracy of the predicted nomogram was analyzed by the time-
dependent AUC curves analysis (Figure 3). When the nomogram was used to predict 1-year, 3-year, and 5-year survival
rates, the AUC in the training cohort was 0.763, 0.712, and 0.687, respectively (Figure 3A); In the validation cohort, it
was 0.715, 0.648, and 0.614, respectively (Figure 3B). Then, ROC analyses also showed that in both the training and
validation cohort, this model predicts a maximum AUC value compared with the SIRS, Tumor size, CA19-9,
Tumor grade, Vascular invasion, and BCLC stage (Figure 3C-E). Finally, we plotted DCA curves to illustrate the
discriminating superiority of nomograms with respect to 1-, 3-, and 5-year OS in the training cohort and validation cohort
(Figure 4A and B).

Discussion

HCC is one of the most common malignant tumors with rising incidence and mortality rates around the world. The
treatment for HCC differs based on the disease stage. Although the BCLC stage system has been the most widely used
prediction and treatment staging system,'® there is still some controversy over the treatment algorithm, particularly in
Asia.® The reason can be sketched as follows. First, the BCLC stage system is established based on western patients,
while the pathogenesis factors for HCC are different in Western and Eastern countries. Alcoholic liver disease is the main
cause of liver cancer in Western countries,'® while hepatitis B virus (HBV) infection is the main cause of HCC in Eastern
countries.'' In addition, liver cancer is also an inflammation-related disease, inflammation also plays an important role in
the occurrence, invasion, and metastasis of liver cancer.?’ In addition, the BCLC staging system pays more attention to
the impact of tumor load on the prognosis of patients, and little attention has been placed on inflammation. Thus, we
design this research to investigate whether the SIRS score could provide additional prognostic information for
a traditional clinical staging system.

As shown in Table 1, lab tests of 1001 HCC patients were recorded as indicators of systemic inflammation. Then,
univariate and multivariate analysis indicated that the SIRS score based on PLR, NLR, and MxC was an independent
prognostic factor for HCC. Thus, a nomogram based on the results of multivariate cox analysis was successfully
established. As shown in Figure 2, all the variables were calculated. This nomogram showed good calibration in the
training and validation sets, as illustrated by calibration curves. At last, the ROC analysis was plotted (Figure 3). We
found that the nomogram model had a better ability in predicting 1, 3, and 5-year survival in both cohorts in comparison
with the BCLC stage system.

Indeed, systemic inflammation has been proven to correlate with prognosis in a variety of tumors.>' In our research, we found
that the combination of preoperative platelet counts, neutrophil counts, lymphocyte counts, monocyte counts, and CRP levels
were independent prognostic factors. Many recent studies have reported that neutrophils could stimulate tumor angiogenesis,
stimulate tumor-cell proliferation, and promote tumor metastasis.”>** Platelets, can promote angiogenesis,”* and, release plate-
derived growth factor (PDGF) and transforming growth factor beta (TGF-B), which promote tumor cell proliferation and
suppress apoptosis.”>*® Without a doubt, T lymphocytes are the main effectors of tumor cell destruction in many types of
cancer,””*® and decreased lymphocytic infiltration was reported to be associated with poor prognosis.? In addition, tumor-
associated macrophages (TAMs) were also reported to contribute to HCC progression.*® CRP is one of the acute phase reactants
secreted by the liver, and its secretion was associated with the induction of inflammation-associated cytokines like IL-1, IL-6, or
TNF-a.”' Sieghart et al reported that elevated CRP at diagnosis was associated with poor OS in HCC patients.>> However, the
detailed mechanism of platelet, neutrophil, lymphocyte, monocyte, and CRP still warrants further study.

This nomogram was built with HCC patients whose survival outcomes were already known, and we aim to provide
additional prognostic information over the current gold standard of patient prognosis prediction, the BCLC stage system.
However, we acknowledge there are some limitations to our study. This is a single-center retrospective study investigat-
ing the SIRS score in HCC patients. With the development of individualized treatment, the diagnosis and treatment
method of HCC may differ, and there could be some differences depending on the operator. In addition, the main reason
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Figure 3 The predictive performance of the nomogram is better than that of traditional prognostic factors. (A). AUC of time-dependent ROC curves verified the
prognostic accuracy of the nomogram in the training cohort. (B). AUC of time-dependent ROC curves verified the prognostic accuracy of the nomogram in the validation
cohort. (C and D). AUC of ROC curves compared the prognostic accuracy for |-year survival of the nomogram and traditional prognostic factors in the training cohort and
validation cohort. (E and F). AUC of ROC curves compared the prognostic accuracy for 3-year survival of the nomogram and traditional prognostic factors in the training
cohort and validation cohort. (G and H). AUC of ROC curves compared the prognostic accuracy for 5-year survival of the nomogram and traditional prognostic factors in
the training cohort and validation cohort.
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Figure 4 Decision-curve analysis (DCA) plot depicting the standardized net benefit. (A). Training cohort at 12, 36, and 60 months. (B). Validation cohort at 12, 36, and 60
months.

why the prediction value of 5-year survival is not as accurate as the value of 1-year is that subsequent treatment
modalities after recurrence may differ. So, we plan to enlarge our cohort and design a multicenter study further to analyze
a more accurate clinical prediction model.

Conclusions
In conclusion, the preoperative SIRS score has good efficacy in predicting the prognosis of patients undergoing hepatectomy,
and nomograms based on the SIRS score can potentially guide individualized follow-up and adjuvant therapy.
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