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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) is a major factor for cancer-associated mortality 
globally. Although the systemic immune-inflammation index (SII) and albumin 
(ALB) show individual prognostic value for various cancers, their combined 
significance (SII/ALB) in HCC patients undergoing curative hepatectomy is still 
unknown. It is hypothesized that a higher SII/ALB ratio correlates with poorer 
outcomes with regard to overall survival (OS) and recurrence-free survival (RFS).

AIM 
To investigate the effect of preoperative SII/ALB in predicting the prognosis of 
HCC patients undergoing hepatectomy.

METHODS 
Patients who received curative surgery for HCC at a single institution between 
2014 and 2019 were retrospectively analyzed. Cox proportional hazards models 
and Kaplan-Meier curves were utilized to estimate OS and RFS. A nomogram was 
created using prognostic factors determined by the least absolute shrinkage and 
selection operator method and analyzed using multivariate Cox regression. This 
nomogram was assessed internally through the calibration plots, receiver 
operating characteristic (ROC) analysis, decision curve analysis (DCA) and the 
concordance index (C-index).

RESULTS 
This study enrolled 1653 HCC patients. Multivariate analyses demonstrated that 
SII/ALB independently predicted OS [hazard ratio (HR) = 1.22, 95%CI: 1.03-1.46, 
P = 0.025] and RFS (HR = 1.19, 95%CI: 1.03-1.38, P = 0.022). Age, alpha-
fetoprotein, hepatitis B surface antigen, albumin-bilirubin grade, tumor diameter, 

https://www.f6publishing.com
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portal vein tumor thrombus, tumor number, and SII/ALB were incorporated into the nomogram to predict OS. The 
nomogram had a C-index of 0.73 (95%CI: 0.71-0.76) and 0.71 (95%CI: 0.67-0.74) for the training and validation 
cohorts, respectively. The area under the ROC curve, DCA and calibration curves demonstrated high accuracy and 
clinical benefits.

CONCLUSION 
The SII/ALB may independently predict outcomes in HCC patients who receive curative surgical treatment. In 
addition, the nomogram can be used in HCC treatment decision-making.

Key Words: Hepatocellular carcinoma; Inflammation; Systemic immune-inflammation index/albumin; Liver resection; 
Prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study validates the systemic immune-inflammation index/albumin ratio (SII/ALB) as a novel prognostic 
marker for hepatocellular carcinoma (HCC) patients after hepatectomy. It was shown that SII/ALB independently predicted 
overall and recurrence-free survival. Incorporating SII/ALB into a predictive nomogram demonstrated superior accuracy and 
clinical utility, providing a refined tool for personalized treatment strategies in HCC management.

Citation: Chen KL, Qiu YW, Yang M, Wang T, Yang Y, Qiu HZ, Sun T, Wang WT. Prognostic value of preoperative systemic 
immune-inflammation index/albumin for patients with hepatocellular carcinoma undergoing curative resection. World J Gastroenterol 
2024; 30(48): 5130-5151
URL: https://www.wjgnet.com/1007-9327/full/v30/i48/5130.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i48.5130

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks 6th among all cancers worldwide, and ranks 4th in terms of cancer mortality[1]. 
Despite treatment improvements for HCC, the survival outcomes in HCC patients are generally poor. Liver resection 
remains the principal strategy to cure early-stage HCC[2]. HCC has a high five-year post-surgical recurrence rate of 
approximately 70%, leading to a poor prognosis[3,4]. Due to intra-tumor heterogeneity, patients at the same HCC stage 
can have a significantly varied outcome[5]. Therefore, it is important to identify biological markers to select patients who 
will benefit from surgical treatment.

Host immune status and cancer-associated inflammation have been found to support tumor growth and progression
[6]. The systemic immune-inflammation index (SII), formulated from neutrophil, platelet and lymphocyte counts in 
peripheral blood, serves as an indicator reflecting the balance between host immune function and inflammation[7-9]. The 
SII is related to the prognostic outcome of liver diseases, including HCC, intrahepatic cholangiocarcinoma, combined 
hepatocellular-cholangiocarcinoma, nonalcoholic fatty liver disease, and hepatic steatosis[7,10-13]. Albumin (ALB) 
represents a key nutritional prognostic marker of HCC, which is reported to inhibit human HCC growth and the cell 
cycle[14-16]. High serum ALB level is related to lower recurrence rates and longer overall survival (OS) in HCC patients
[17,18].

The systemic immune-inflammation index/albumin ratio (SII/ALB) is an index reflecting immune, nutritional and 
inflammatory conditions in cancer patients, and was initially reported by Tian et al[19] in 2019. For patients with small 
cell lung cancer and operable non-small cell lung cancer, a high SII/ALB indicates an adverse outcome[19]. Additionally, 
SII/ALB independently predicts the outcome of hepatitis B virus (HBV)-related HCC patients following transarterial 
chemoembolization (TACE) therapy[19]. Nevertheless, the relationship between preoperative SII/ALB and survival 
outcome after surgical resection of HCC is still unknown.

The present work focused on exploring the impact of preoperative SII/ALB on OS and recurrence-free survival (RFS) 
among HCC patients who underwent surgical resection. Furthermore, a nomogram was developed to predict the survival 
of resectable HCC patients.

MATERIALS AND METHODS
Patients
This retrospective study was approved by the West China Hospital of Sichuan University Ethics Committee [No. 
2024(189)] and followed the Declaration of Helsinki. Due to the nature of retrospective studies, informed consent was not 
required. From April 2014 to July 2019, 1653 HCC patients who underwent curative liver resection for the first time at 
Sichuan University's West China Hospital were consecutively enrolled. Eligibility criteria for the study included patients 
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with histopathologically confirmed HCC who had received a R0 liver resection. Exclusion criteria were: (1) Presence of 
additional primary liver cancers (such as cholangiocarcinoma or combined hepatocellular-cholangiocarcinoma) and a 
history of cancer in another organ at the same time or in the past; (2) HCC with clear bile duct invasion; (3) Positive 
lymph node metastases; (4) Invasion to adjacent organs; (5) Distant metastasis; (6) Well-preserved liver function; and (7) 
Lacking sufficient clinicopathological records or follow-up data. Supplementary Figure 1 shows the patient screening 
procedure.

Preoperative assessment and liver resection
Patients routinely underwent abdominal computed tomography (CT), contrast-enhanced ultrasound, chest CT, or 
magnetic resonance imaging (MRI). Moreover, clinical examinations were performed, including HBV-related tests, tumor 
marker measurements, and liver function tests. Preoperative laboratory values were obtained as close as possible to the 
time of surgery. The remnant liver volume was assessed by enhanced CT or MRI to prevent postoperative liver failure. 
Liver function assessment was conducted using the albumin-bilirubin (ALBI) and Child-Pugh scoring systems. Liver 
resection was considered feasible if R0 resection was technically feasible and the remaining healthy liver was sufficient to 
ensure adequate function. The surgical removal of liver tissue was tailored to the specific location, spread, and size of 
each tumor. Intraoperative ultrasound was performed when necessary.

Definition
The SII/ALB was obtained using the formula [platelets (PLT) × neutrophils (NE)/lymphocytes (LY)]/ALB. The SII was 
determined by PLT × NE/LY. We also determined the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR) using ratios of NE to LY, and PLT to LY, respectively. All counts are in 109/L, whereas ALB is in g/L.

Cirrhosis and portal vein tumor thrombus (PVTT) were diagnosed based on the preoperative imaging findings. 
Hepatectomy involved removal of at least 3 liver segments[20]. Liver anatomy and liver resection type were classified in 
accordance with the Brisbane 2000 terminology of liver anatomy and resection[21]. The Edmondson-Steiner grading 
system was adopted for grading tumor differentiation.

Follow-up
The status of patients discharged alive was systematically monitored as part of this observational retrospective cohort 
study. Our research team collected follow-up data at 2-month intervals in the initial two years and at 3-month intervals 
thereafter by a combination of reviewing outpatient visit records and conducting telephone calls. The follow-up data 
included information on routine clinical care, which was already documented as part of standard healthcare practices. 
Diagnosis of recurrent HCC was determined by routine clinical assessment involving CT and/or MRI, supplemented by 
evaluations of alpha-fetoprotein (AFP) tumor marker levels. For patients with recurrent HCC during the follow-up 
period, we documented treatments administered as part of their routine clinical care. Treatment options varied and were 
based on individual patient factors and clinical decisions made by their healthcare providers. The primary endpoint of 
the study was OS (between surgery date and the final follow-up), while RFS (between surgery date and confirmation of 
recurrence and/or metastasis date) was the secondary endpoint.

Statistical analysis
Continuous data were indicated by median (interquartile range), whereas categorical data by number (%). Fisher’s exact 
test and the χ² test were adopted for comparison of categorical data. To assess the predictive capacity of different inflam-
matory indices for OS and RFS, we employed time-dependent receiver operating characteristic (ROC) curves. Restricted 
cubic splines were utilized within the Cox proportional hazards model for estimating the non-linear relationship between 
SII/ALB and OS. A suitable SII/ALB threshold was identified using maximally selected rank statistics. Survival curves 
for OS and RFS were constructed using the Kaplan-Meier approach and analyzed by the log-rank test.

The patients were randomized into the training group or validation group at the ratio of 7:3. In the training group, 
multivariate regression and least absolute shrinkage and selection operator (LASSO) Cox regression were conducted to 
screen factors independently predicting prognosis and create the nomogram that forecast 5-year survival rates. A 10-fold 
cross-validation was conducted to analyze the LASSO tuning parameter [lambda (λ)]. Performance of the nomogram was 
subsequently assessed with ROC curves for discrimination and calibration curves for accuracy of predictions. We also 
utilized the DeLong test for assessing significant differences between two areas under the curve (AUC). The nomogram’s 
clinical net benefits were assessed by decision curve analysis (DCA). To facilitate the clinical application of this 
nomogram, a web-based tool was developed (https://nomogramfiles.shinyapps.io/dynnomapp/). A P-value < 0.05 
indicated a statistically significant difference. Version 4.2.2 of the R software was adopted for statistical analysis.

RESULTS
Patient features
Table 1 shows detailed patient characteristics. All participants were followed until January 31, 2021. The patients were 
followed up for a median of 46 months, and any medical interventions were part of standard clinical care and not 
influenced by this research.

https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://nomogramfiles.shinyapps.io/dynnomapp/
https://nomogramfiles.shinyapps.io/dynnomapp/
https://nomogramfiles.shinyapps.io/dynnomapp/
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Table 1 Patient demographics and baseline characteristics, n (%)

Characteristics Total (n = 1653)

Sex

Female 247 (15)

Male 1406 (85)

Age, years

≤ 60 1185 (72)

> 60 468 (28)

Hepatitis B surface antigen

Negative 263 (16)

Positive 1390 (84)

Alpha-fetoprotein, ng/mL

< 400 1370 (83)

≥ 400 283 (17)

Platelets, 109/L

> 100 1,178 (71)

≤ 100 475 (29)

Neutrophil, 109/L

≤ 6.3 1577 (95)

> 6.3 76 (5)

Lymphocyte, 109/L 

> 0.8 1547 (94)

≤ 0.8 106 (6)

Alanine transaminase, U/L

≤ 40 1199 (73)

> 40 454 (27)

Aspartate transaminase, U/L

≤ 40 966 (58)

> 40 687 (42)

Prothrombin time, second

≤ 13 1360 (82)

> 13 293 (18)

Total bilirubin, μmol/L

≤ 32.4 1630 (99)

> 32.4 23 (1)

Albumin, g/L

> 35 1572 (95)

≤ 35 81 (5)

Albumin-bilirubin grade

1 1279 (77)

2 374 (23)

Tumor diameter, cm

< 5 785 (47)
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≥ 5 868 (53)

Number of tumors

Single 1389 (84)

Multiple 264 (16)

Barcelona Clinic Liver Cancer stage

0 152 (9)

A 1192 (72)

B 184 (11)

C 125 (8)

Hypertension

No 1397 (85)

Yes 256 (15)

Diabetes

No 1518 (92)

Yes 135 (8)

Cardiovascular disease

No 1624 (98)

Yes 29 (2)

Anatomical resection

No 1068 (65)

Yes 585 (35)

Major hepatectomy

No 1415 (86)

Yes 238 (14)

Transfusion

No 1557 (94)

Yes 96 (6)

Differentiation

I-II 898 (54)

III-IV 755 (46)

Microvascular invasion

No 1177 (71)

Yes 476 (29)

Cirrhosis

No 795 (48)

Yes 858 (52)

Portal vein tumor thrombus

No 1528 (92)

Yes 125 (8)

Systemic immune-inflammation index/albumin 6 (4, 10)

Systemic immune-inflammation index 271 (170, 447)

Neutrophil-to-lymphocyte ratio 2.10 (1.58, 2.93)

Platelet-to-lymphocyte ratio 88 (63, 125)
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Median (interquartile range) for continuous variables.

Comparison of the predictive power of SII/ALB with several inflammatory indices of OS and RFS
As indicated by time-dependent ROC curve analysis, SII/ALB demonstrated superior prediction performance in terms of 
OS and RFS when compared to additional inflammatory markers, including SII, NLR, and PLR (Figure 1).

Determination of the cutoff value of SII/ALB
The restricted cubic splines analyses revealed the significant nonlinear relationship between SII/ALB and 5-year OS (P 
nonlinear < 0.0001), as shown in Figure 2A. SII/ALB = 9.25 was determined as the cutoff value based on maximally 
selected rank statistics (Figure 2B).

Relationship between SII/ALB and HCC clinicopathological factors
SII/ALB was correlated with HBV, platelets (PLT), neutrophils (NE), aspartate transaminase (AST), prothrombin time 
(PT), ALB, ALBI grade, tumor diameter, Barcelona Clinic Liver Cancer (BCLC) stage, anatomical resection, major 
hepatectomy, transfusion, differentiation, microvascular invasion (MVI), cirrhosis and PVTT (P < 0.05), but not with sex, 
age, AFP, lymphocytes (LY), alanine transaminase (ALT), total bilirubin, number of tumors, hypertension, diabetes and 
cardiovascular disease (P > 0.05) (Table 2).

Relationship between preoperative SII/ALB and both OS and RFS
Patients in the low SII/ALB group showed superior 1-year, 3-year, and 5-year OS rates (88.6%, 71.4%, and 61.5%) 
compared to the high SII/ALB group (72.8%, 52.4%, and 43.3%; P < 0.0001) (Figure 2C). The low SII/ALB group showed 
superior 1-year, 3-year, and 5-year RFS rates (69.4%, 51.0%, and 42.4%) compared to the high SII/ALB group (50.5%, 
35.3%, and 30.8%; P < 0.0001) (Figure 2D).

Subgroup analysis
Subgroups were categorized based on high or low SII/ALB levels. High SII/ALB was associated with poorer OS across 
various subgroups [female, male, age ≤ 60 years, hepatitis B surface antigen (HbsAg) negative or positive, AFP < 400 
ng/mL or AFP ≥ 400 ng/mL, ALBI grade 1 or grade 2, tumor diameter ≥ 5 cm, single or multiple tumors, BCLC stage A 
or B, anatomical or non-anatomical resection, major or non-major hepatectomy, with or without transfusion, differen-
tiation grade I-II or grade III-IV, with or without MVI, with or without cirrhosis, and without PVTT (Figure 3)]. Similarly, 
high SII/ALB was associated with poorer RFS in various subgroups [female, male, age ≤ 60 years, HBsAg negative or 
positive, AFP < 400 ng/mL, AFP ≥ 400 ng/mL, ALBI grade 1 or grade 2, tumor diameter ≥ 5 cm, single or multiple 
tumors, BCLC stage A, B, or C, anatomical or non-anatomical resection, major or non-major hepatectomy, with or without 
transfusion, differentiation grade I-II or grade III-IV, with or without MVI, with or without cirrhosis, and with or without 
PVTT (Figure 4)].

Univariate and multivariate regression using Cox proportional hazards models of OS and RFS
Univariate analysis revealed that age, HBsAg, AFP, ALT, AST, PT, ALBI grade, tumor diameter, tumor number, 
hypertension, anatomical resection, major hepatectomy, transfusion, differentiation, MVI, PVTT and SII/ALB were 
notably correlated with OS. Multivariate Cox regression analysis indicated that age, HBsAg, AFP, AST, ALBI grade, 
tumor diameter, number of tumors, major hepatectomy, differentiation, MVI, PVTT and SII/ALB, were independent risk 
factors for OS (Table 3).

Univariate regression indicated that age, HBsAg, AFP, ALT, AST, PT, ALBI grade, tumor diameter, tumor number, 
hypertension, major hepatectomy, transfusion, differentiation, MVI, PVTT and SII/ALB significantly predicted RFS. 
Based on multivariate Cox regression, age, HBsAg, AFP, AST, tumor diameter, number of tumors, differentiation, MVI, 
PVTT and SII/ALB, were independent risk factors for RFS (Table 3).

Construction of the nomogram for predicting 5-year OS
The 1653 patients were randomized at a 7:3 ratio between the training data (n = 1157) and validation data (n = 496). 
Patients in the training and validation groups exhibited similar characteristics, with no significant differences observed 
(Supplementary Table 1). The Kaplan-Meier curve for OS and RFS indicated that these cohorts were not significantly 
different (P value = 0.19, P value = 0.95) (Supplementary Figure 2).

The preoperative candidate predictors such as sex, age, HBsAg, AFP, ALT, AST, PT, ALBI grade, tumor diameter, 
tumor number, hypertension, diabetes, cardiovascular disease, cirrhosis, PVTT, and SII/ALB, were incorporated into the 
LASSO analysis. The selected features, determined by the λ value in one standard error from minimum (λ 1se), included 
age, HBsAg, AFP, AST, ALBI grade, tumor diameter, tumor number, PVTT, and SII/ALB. Regression coefficients were 
calculated as follows: -0.038, 0.097, 0.127, 0.162, 0.079, 0.618, 0.177, 0.903, and 0.232. Tuning parameter (λ) selection and 
LASSO coefficient profiles are presented in Figure 5.

After selecting the final variables using LASSO regression, both univariate and multivariate Cox regression was 
conducted, as shown in Supplementary Table 2. Age, HBsAg, AFP, AST, ALBI grade, tumor diameter, tumor number, 
PVTT, and SII/ALB were independent risk factors for OS.

https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4672c39f-1b3d-4f92-826c-15a0bb38de73/98209-supplementary-material.pdf
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Figure 1 Time-dependent receiver operating characteristic curves for systemic immune-inflammation index/albumin, systemic immune-
inflammation index, neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio predicting. A: Time dependent area under the curve (AUC) for 
overall survival; B: Time dependent AUC for recurrence-free survival. SII/ALB: Systemic immune-inflammation index/albumin; ALB: Albumin; NLR: Neutrophil-to-
lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; AUC: Area under the curve.

Figure 2 Relationship between systemic immune-inflammation index/albumin and both overall survival and recurrence-free survival. A: 
Examination of the dose-response relationship between systemic immune-inflammation index/albumin (SII/ALB) and 5-year overall survival (OS) by the restricted 
cubic splines model; B: Cut-off value of SII/ALB in patients with hepatocellular carcinoma; C: Kaplan-Meier curves depicting the association between SII/ALB and OS; 
D: Kaplan-Meier curves depicting the association between SII/ALB and recurrence-free survival. SII/ALB: Systemic immune-inflammation index/albumin.
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Figure 3 Subgroup analysis of systemic immune-inflammation index/albumin in predicting overall survival. HR: Hazard ratio; HbsAg: Hepatitis 
B surface antigen; AFP: Alpha-fetoprotein; ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; MVI: Microvascular invasion; PVTT: Portal vein tumor 
thrombus.

The final Cox model included 9 predictors (age, HBsAg, AFP, AST, ALBI grade, tumor diameter, tumor number, PVTT, 
and SII/ALB) and was conveniently translated into a user-friendly nomogram, depicted in Figure 5C, which can also be 
accessed online for practical application.

Assessment of the nomogram performance and applicability
Calibration curve analysis showed the robust correlation between the predicted and actual 1-year, 3-year, and 5-year OS 
rates across the two groups (Figure 6). The C-indices were calculated using 500 bootstrap resamplings and found to be 
0.73 (95%CI: 0.71-0.76) and 0.71 (95%CI: 0.67-0.74) for the training and validation groups, respectively.

In the training cohort, the 1-year, 3-year, and 5-year survival predictions resulted in AUC of 0.81, 0.77, and 0.75, while 
those in the validation group were 0.73, 0.72, and 0.68, respectively. Our model outperformed four others, showing the 
highest AUC across these time points for both cohorts (Figure 7).

The 1-year, 3-year, and 5-year DCA curves were used to evaluate our nomogram against the BCLC, China Liver Cancer 
Staging system, and the Milan Criteria in the training and validation cohorts. The nomogram showed superior predictive 
accuracy over the other models (Figure 8).
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Figure 4 Subgroup analysis of systemic immune-inflammation index/albumin in predicting recurrence-free survival. HR: Hazard ratio; HbsAg: 
Hepatitis B surface antigen; AFP: Alpha-fetoprotein; ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; MVI: Microvascular invasion; PVTT: Portal vein 
tumor thrombus.

DISCUSSION
HCC is a solid tumor, which ranks fourth in global cancer mortality rates[22]. The 5-year survival rate of patients with 
HCC is 18%, and its recurrence rate can reach up to 70% within five years[3,23]. For early recurrence, a consensus exists 
that critical predictive factors include tumor biologic characteristics[24-26]. However, current guidelines do not 
recommend biopsy as a routine test for HCC[27,28]. The identification of preoperative factors for OS and HCC recurrence 
may help manage these patients.

This study is the first to use preoperative SII/ALB to predict OS in HCC patients following surgical resection. SII/ALB 
was the strongest predictor of OS with the highest AUC among the inflammatory response biomarkers (SII/ALB, SII, 
NLR, and PLR), which suggests that the SII/ALB can more accurately predict patient outcomes in those with HCC. High 
SII/ALB is related to worse liver function, a larger tumor diameter, a more advanced BCLC stage, lower differentiation, 
MVI and PVTT. High SII/ALB ratios were linked to worse OS and RFS across different patient subgroups. The SII/ALB 
has been shown to independently predict both OS and RFS in HCC patients following curative surgery. AUC, calibration 
curve and DCA curve were used to assess different models, which showed that our nomogram had good discrimination 
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Figure 5 Least absolute shrinkage and selection operator regression analysis for variable selection. A: Cross-validation graph; B: Least absolute 
shrinkage and selection operator regression analysis coefficients; C: Construction of a nomogram incorporating systemic immune-inflammation index/albumin and 
clinical parameters. ALBI: Albumin-bilirubin; λ: Lambda; AFP: Alpha-fetoprotein; AST: Aspartate transaminase; HbsAg: Hepatitis B surface antigen; SII/ALB: Systemic 
immune-inflammation index/albumin; PVTT: Portal vein tumor thrombus; OS: Overall survival.
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Figure 6 Nomogram calibration curves for different time intervals and cohorts. A: The 1-year, training cohort; B: The 3-year, training cohort; C: The 5-
year, training cohort; D: The 1-year, validation cohort; E: The 3-year, validation cohort; F: The 5-year, validation cohort.



Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5141 December 28, 2024 Volume 30 Issue 48



Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5142 December 28, 2024 Volume 30 Issue 48

Figure 7 Time-dependent receiver operating characteristic curves and areas under the curve in different models and time intervals. A: 1-
year, 3-year, and 5-year in the training set; B: 1-year, 3-year, and 5-year in the validation set; C: The 1-year, different models in the training set; D: The 1-year, 
different models in the validation set; E: The 3-year, different models in the training set; F: The 3-year, different models in the validation set; G: The 5-year, different 
models in the training set; H: The 5-year, different models in the validation set. AUC: Area under the curve; ROC: Receiver operating characteristic; BCLC: Barcelona 
Clinic Liver Cancer; CNLC: China Liver Cancer Staging.

and accuracy, which indicated good clinical utility and favorable efficiency.
Recent theories on cancer-related inflammation have heightened interest in inflammatory indices as potential 

indicators of prognosis and recurrence risk in HCC[29,30]. This interest is driven by both local and systemic aspects of 
cancer-associated inflammation[31]. Local inflammation, often linked to tumorigenesis within the tumor microenvir-
onment, and systemic inflammation, characterized by low-grade immune system activation detectable through 
circulating inflammatory molecules, cells, and cytokines, are pivotal in understanding cancer dynamics[29,32,33]. 
Systemic inflammatory markers such as the SII, PLR and NLR have proven effective in forecasting HCC prognosis[34,
35]. Notably, previous studies have demonstrated that the SII score outperforms other inflammation-based prognostic 
scores in predicting patient outcomes[36-38]. Serum ALB levels, crucial in evaluating malnutrition, are integrated into 
various nutritional assessment tools for HCC patients, such as the Child-Pugh score, ALBI score, Controlling Nutritional 
Status score, Subjective Global Assessment, and Nutrition Risk Screening 2002[39,40]. Our research findings indicate that 
the SII, particularly when combined with ALB levels to calculate the SII/ALB ratio, offers superior prognostic 
performance compared to SII alone, NLR, and PLR. According to the retrospective study by Hu et al[41], a high SII was 
markedly related to factors indicative of aggressive disease, such as vascular invasion, larger tumors, and elevated levels 
of circulating tumor cells. Our study further supports these findings, showing that higher SII/ALB ratios are associated 
with worse liver function and poor tumor characteristics, including larger tumor diameter, more advanced BCLC stage, 
lower differentiation, MVI, and PVTT. This growing body of evidence supports the integration of inflammatory markers 
with tumor-related factors to create more comprehensive prediction models for HCC patients[38,42,43]. For instance, 
Yang et al[44] developed a nomogram incorporating 6 risk factors, including age, AFP, tumor size, satellite nodules, SII, 
and the Prognostic Nutritional Index, to predict recurrence risk and stratify HCC cases. Our enhanced nomogram, which 
integrated nine independent risk factors, has shown even greater accuracy, underlining the utility of combining diverse 
clinical indicators to improve patient management and outcomes in HCC.

SII/ALB independently predicts the prognosis of HBV-related HCC patients after TACE treatment[19]. In the present 
study, SII/ALB showed excellent discriminative ability in HCC patients undergoing liver resection. Based on this 
research, we propose that immune inflammation linked to both systemic conditions and the cancer itself, coupled with 
compromised nutritional health, could explain the poor outcomes observed in HCC patients following hepatic surgery. 
SII/ALB combines counts of NE, LY, and PLT with serum ALB levels to provide a multifaceted indicator of systemic 
inflammation and nutritional health. The predictive value of SII/ALB for tumor recurrence and OS may be explained by 
the roles of the three cell types and serum ALB. Tumor-associated NE facilitate cancer progression by altering immunity 
for tumor growth[45], secreting enzymes for tissue invasion[46], and activating neutrophil extracellular traps that 
facilitate inflammatory responses, tumor cell adhesion and metastasis[47,48]. LY secrete cytokines including interferon-γ 
and tumour necrosis factor-α, which can induce cancer cell death and limit their spread, potentially improving patient 
outcomes[33,49-51]. PLT contribute to tumor progression and the potential for metastasis by secreting growth factors 
such as platelet-derived growth factor, platelet-activating factor, and vascular endothelial growth factor, all of which are 
critical in stimulating blood vessel formation and promoting cancer cell survival[52-54]. Serum ALB is a widely 
recognized indicator that can reflect nutritional status and is also considered a negative acute phase protein that 
suppresses proliferation in human HCC and systemic inflammation[55,56].
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Table 2 Association between systemic immune-inflammation index/albumin and clinicopathological characteristics, n (%)

Systemic immune-inflammation index/albumin
Characteristics

Low (n = 1142) High (n = 511)
P value

Sex 0.424

Female 176 (15.4) 71 (13.9)

Male 966 (84.6) 440 (86.1)

Age, years 0.503

≤ 60 813 (71.2) 372 (72.8)

> 60 329 (28.8) 139 (27.2)

Hepatitis B surface antigen < 0.001

Negative 151 (13.2) 112 (21.9)

Positive 991 (86.8) 399 (78.1)

Alpha-fetoprotein, ng/mL 0.945

< 400 946 (82.8) 424 (83.0)

≥ 400 196 (17.2) 87 (17.0)

Platelets, 109/L < 0.001

> 100 684 (59.9) 494 (96.7)

≤ 100 458 (40.1) 17 (3.3)

Neutrophil, 109/L < 0.001

≤ 6.3 1135 (99.4) 442 (86.5)

> 6.3 7 (0.6) 69 (13.5)

Lymphocyte, 109/L 0.358

> 0.8 69 (6.0) 37 (7.2)

≤ 0.8 1073 (94.0) 474 (92.8)

Alanine transaminase, U/L 0.579

≤ 40 833 (72.9) 366 (71.6)

> 40 309 (27.1) 145 (28.4)

Aspartate transaminase, U/L < 0.001

≤ 40 718 (62.9) 248 (48.5)

> 40 424 (37.1) 263 (51.5)

Prothrombin time, second 0.022

≤ 13 956 (83.7) 404 (79.1)

> 13 186 (16.3) 107 (20.9)

Total bilirubin, μmol/L 0.686

≤ 32.4 1127 (98.7) 503 (98.4)

> 32.4 15 (1.3) 8 (1.6)

Albumin, g/L < 0.001

> 35 1108 (97.0) 464 (90.8)

≤ 35 34 (3.0) 47 (9.2)

Albumin-bilirubin grade < 0.001

1 937 (82.0) 342 (66.9)

2 205 (18.0) 169 (33.1)

Tumor diameter, cm < 0.001
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< 5 654 (57.3) 131 (25.6)

≥ 5 488 (42.7) 380 (74.4)

Number of tumors 0.353

Single 966 (84.6) 423 (82.8)

Multiple 176 (15.4) 88 (17.2)

Barcelona Clinic Liver Cancer stage < 0.001

0 128 (11.2) 24 (4.7)

A 837 (73.3) 355 (69.5)

B 110 (9.6) 74 (14.5)

C 67 (5.9) 58 (11.4)

Hypertension 0.784

No 967 (84.7) 430 (84.1)

Yes 175 (15.3) 81 (15.9)

Diabetes 0.595

No 1046 (91.6) 472 (92.4)

Yes 96 (8.4) 39 (7.6)

Cardiovascular disease 0.409

No 1124 (98.4) 500 (97.8)

Yes 18 (1.6) 11 (2.2)

Anatomical resection < 0.001

No 769 (67.3) 299 (58.5)

Yes 373 (32.7) 212 (41.5)

Major hepatectomy < 0.001

No 1034 (90.5) 381 (74.6)

Yes 108 (9.5) 130 (25.4)

Transfusion < 0.001

No 1099 (96.2) 458 (89.6)

Yes 43 (3.8) 53 (10.4)

Differentiation < 0.001

I-II 664 (58.1) 234 (45.8)

III-IV 478 (41.9) 277 (54.2)

Microvascular invasion < 0.001

No 864 (75.7) 313 (61.3)

Yes 278 (24.3) 198 (38.7)

Cirrhosis < 0.001

No 466 (40.8) 329 (64.4)

Yes 676 (59.2) 182 (35.6)

Portal vein tumor thrombus < 0.001

No 1075 (94.1) 453 (88.6)

Yes 67 (5.9) 58 (11.4)



Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5145 December 28, 2024 Volume 30 Issue 48

Table 3 Univariate and multivariate Cox proportional hazards regression models for overall survival and recurrence-free survival

Overall survival Recurrence-free survival

Univariate Multivariate Univariate MultivariateVariables

HR (95%CI) P 
value AHR (95%CI) P 

value HR (95%CI) P 
value AHR (95%CI) P 

value

Sex

Female Reference Reference

Male 1.19 (0.95-
1.50)

0.134 1.18 (0.97-
1.42)

0.09

Age, years

≤ 60 Reference Reference Reference Reference

> 60 0.70 (0.58-
0.84)

< 0.001 0.79 (0.65-
0.96)

0.017 0.73 (0.63-
0.85)

< 0.001 0.77 (0.66-
0.90)

0.001

Hepatitis B surface antigen

Negative Reference Reference Reference Reference

Positive 1.58 (1.24-
2.01)

< 0.001 1.38 (1.07-
1.79)

0.014 1.44 (1.19-
1.75)

< 0.001 1.31 (1.07-
1.61)

0.009

Alpha-fetoprotein, ng/mL

< 400 Reference Reference Reference Reference

≥ 400 1.58 (1.32-
1.91)

< 0.001 1.26 (1.04-
1.52)

0.018 1.38 (1.18-
1.63)

< 0.001 1.21 (1.02-
1.43)

0.027

Alanine transaminase, IU/L

≤ 40 Reference Reference Reference Reference

> 40 1.48 (1.26-
1.75)

< 0.001 0.96 (0.79-
1.17)

0.69 1.40 (1.21-
1.60)

< 0.001 0.92 (0.78-
1.08)

0.315

Aspartate transaminase, IU/L

≤ 40 Reference Reference Reference Reference

> 40 2.19 (1.87-
2.57)

< 0.001 1.31 (1.07-
1.60)

0.007 2.08 (1.83-
2.37)

< 0.001 1.47 (1.25-
1.74)

< 0.001

Prothrombin time, second

≤ 13 Reference Reference Reference Reference

> 13 1.41 (1.16-
1.70)

< 0.001 1.18 (0.97-
1.43)

0.073 1.25 (1.06-
1.47)

0.007 1.08 (0.92-
1.28)

0.352

Total bilirubin, μmol/L

≤ 32.4 Reference Reference

> 32.4 1.00 (0.52-
1.92)

0.992 1.02 (0.59-
1.76)

0.953

Albumin-bilirubin grade

1 Reference Reference Reference Reference

2 1.79 (1.51-
2.12)

< 0.001 1.28 (1.07-
1.60)

0.007 1.45 (1.25-
1.68)

< 0.001 1.08 (0.93-
1.27)

0.316

Tumor diameter, cm

< 5 Reference Reference Reference Reference

≥ 5 3.13 (2.63-
3.73)

< 0.001 2.12 (1.74-
2.58)

< 0.001 2.48 (2.17-
2.85)

< 0.001 1.85 (1.59-
2.15)

< 0.001

Number of tumors

Single Reference Reference Reference Reference

1.65 (1.37- 1.55 (1.27- 1.87 (1.60- 1.76 (1.50-Multiple < 0.001 < 0.001 < 0.001 < 0.001
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1.99) 1.87) 2.19) 2.07)

Hypertension

No Reference Reference Reference Reference

Yes 0.74 (0.58-
0.94)

0.013 1.01 (0.79-
1.30)

0.933 0.82 (0.68-
0.98)

0.034 1.02 (0.84-
1.24)

0.842

Diabetes

No Reference Reference

Yes 1.04 (0.78-
1.38)

0.792 0.84 (0.65-
1.09)

0.191

Cardiovascular disease

No Reference Reference

Yes 0.76 (0.39-
1.47)

0.413 0.68 (0.38-
1.20)

0.18

Anatomical resection

No Reference Reference Reference

Yes 1.21 (1.03-
1.41)

0.022 0.96 (0.82-
1.14)

0.668 1.10 (0.96-
1.26)

0.161

Major hepatectomy

No Reference Reference Reference Reference

Yes 2.13 (1.76-
2.58)

< 0.001 1.23 (1.01-
1.51)

0.044 1.86 (1.57-
2.20)

< 0.001 1.13 (0.95-
1.35)

0.172

Transfusion

No Reference Reference Reference Reference

Yes 1.98 (1.50-
2.61)

< 0.001 1.00 (0.76-
1.37)

0.987 1.61 (1.24-
2.08)

< 0.001 0.90 (0.69-
1.18)

0.455

Differentiation

I-II Reference Reference Reference Reference

III-IV 2.00 (1.71-
2.34)

< 0.001 1.49 (1.27-
1.76)

< 0.001 1.59 (1.40-
1.81)

< 0.001 1.27 (1.11-
1.45)

< 0.001

Microvascular invasion

No Reference Reference Reference Reference

Yes 2.52 (2.15-
2.95)

< 0.001 1.59 (1.34-
1.89)

< 0.001 2.21 (1.93-
2.53)

< 0.001 1.56 (1.35-
1.80)

< 0.001

Cirrhosis

No Reference Reference

Yes 1.02 (0.87-
1.19)

0.825 1.03 (0.90-
1.17)

0.667

Portal vein tumor thrombus

No Reference Reference Reference Reference

Yes 4.08 (3.28-
5.07)

< 0.001 2.18 (1.73-
2.74)

< 0.001 3.20 (2.60-
3.95)

< 0.001 1.91 (1.53-
2.38)

< 0.001

Systemic immune-inflammation 
index/albumin

Low Reference Reference Reference Reference

High 1.93 (1.64-
2.26)

< 0.001 1.22 (1.03-
1.46)

0.025 1.63 (1.42-
1.87)

< 0.001 1.19 (1.03-
1.38)

0.022

HR: Hazard ratio; AHR: Adjusted hazard ratio.
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Figure 8 Decision curve analysis for comparing various models. A: Decision curve analysis (DCA) at 1-year, 3-year, and 5-year intervals in the training 
set; B: DCA at 1-year, 3-year, and 5-year intervals in the validation set; C: DCA at the 1-year interval comparing models in the training set; D: DCA at the 1-year 
interval comparing models in the validation set; E: DCA at the 3-year interval comparing models in the training set; F: DCA at the 3-year interval comparing models in 
the validation set; G: DCA at the 5-year interval comparing models in the training set; H: DCA at the 5-year interval comparing models in the validation set. DCA: 
Decision curve analysis; BCLC: Barcelona Clinic Liver Cancer; CNLC: China Liver Cancer Staging.

However, this study has a few limitations. First, this retrospective study is associated with the risk of selection bias and 
the presence of unmeasured confounders that could affect the outcomes. These factors limit our ability to establish 
causality and may impact the generalizability of the results. Second, all patients were from one center, potentially limiting 
the generalizability of our results. To ensure the robustness and applicability of our nomogram and the SII/ALB cutoff 
value, external validation is necessary. Third, the majority of our patients (84%) were HBV-positive, which differs from 
the typical patient populations in Europe, the United States, and Japan. This may limit the applicability of our results to 
regions with different etiological profiles of HCC. Prospective, multi-center investigations should be conducted to 
validate the effect of SII/ALB and our nomogram in predicting prognosis across diverse patient populations.

CONCLUSION
SII/ALB is a new factor for independently predicting survival and recurrence in HCC patients undergoing liver resection. 
Moreover, the nomogram model based on SII/ALB showed good accuracy and discriminative ability for forecasting 5-
year OS in HCC patients following liver resection. The simplicity and low cost of SII/ALB make it a promising tool for 
predicting HCC prognosis.

FOOTNOTES
Author contributions: Chen KL wrote the original draft of the manuscript; Chen KL, Qiu YW, and Yang M conceptualized the study; 
Chen KL, Qiu YW, Yang M, Wang T, Yang Y, Qiu HZ, Sun T, and Wang WT reviewed and edited the manuscript; all of the authors read 
and approved the final version of the manuscript to be published.

Supported by The National Natural Science Foundation of China, No. 81770566 and No. 82000599; The NHC Key Laboratory of 
Echinococcosis Prevention and Control, No. 2021WZK1004; and The Health Commission of the Tibet Autonomous Region, No. 
311220432.

Institutional review board statement: The study was conducted in accordance with the principles of the 1964 Declaration of Helsinki and 
its later amendments, and this study was approved by the Institutional Review Board of West China Hospital of Sichuan University 
Ethics Committee, No. 2024(189).

Informed consent statement: Patient consent was waived due to the retrospective nature of the study.

Conflict-of-interest statement: All authors have no conflicts of interest to disclose.

Data sharing statement: The data that support the findings of this study are available on request from the corresponding author. The 
data are not publicly available due to privacy or ethical restrictions.



Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5149 December 28, 2024 Volume 30 Issue 48

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Wen-Tao Wang 0000-0002-6966-2665.

S-Editor: Luo ML 
L-Editor: A 
P-Editor: Yu HG

REFERENCES
1 Brown ZJ, Tsilimigras DI, Ruff SM, Mohseni A, Kamel IR, Cloyd JM, Pawlik TM. Management of Hepatocellular Carcinoma: A Review. 

JAMA Surg 2023; 158: 410-420 [PMID: 36790767 DOI: 10.1001/jamasurg.2022.7989]
2 Vibert E, Schwartz M, Olthoff KM. Advances in resection and transplantation for hepatocellular carcinoma. J Hepatol 2020; 72: 262-276 

[PMID: 31954491 DOI: 10.1016/j.jhep.2019.11.017]
3 De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D, Trama A, Visser O, Brenner H, Ardanaz E, Bielska-Lasota M, 

Engholm G, Nennecke A, Siesling S, Berrino F, Capocaccia R; EUROCARE-5 Working Group. Cancer survival in Europe 1999-2007 by 
country and age: results of EUROCARE--5-a population-based study. Lancet Oncol 2014; 15: 23-34 [PMID: 24314615 DOI: 
10.1016/S1470-2045(13)70546-1]

4 Wang PX, Sun YF, Zhou KQ, Cheng JW, Hu B, Guo W, Yin Y, Huang JF, Zhou J, Fan J, Cheung TT, Qu XD, Yang XR. Circulating tumor 
cells are an indicator for the administration of adjuvant transarterial chemoembolization in hepatocellular carcinoma: A single-center, 
retrospective, propensity-matched study. Clin Transl Med 2020; 10: e137 [PMID: 32702202 DOI: 10.1002/ctm2.137]

5 Wang H, Yu S, Cai Q, Ma D, Yang L, Zhao J, Jiang L, Zhang X, Yu Z. The Prognostic Model Based on Tumor Cell Evolution Trajectory 
Reveals a Different Risk Group of Hepatocellular Carcinoma. Front Cell Dev Biol 2021; 9: 737723 [PMID: 34660596 DOI: 
10.3389/fcell.2021.737723]

6 Hanahan D. Hallmarks of Cancer: New Dimensions. Cancer Discov 2022; 12: 31-46 [PMID: 35022204 DOI: 
10.1158/2159-8290.CD-21-1059]

7 Zhang F, Hu KS, Lu SX, Li M, Chen RX, Ren ZG, Shi YH, Yin X. Prognostic significance of preoperative systemic immune-inflammation 
index in combined hepatocellular-cholangiocarcinoma. Cancer Biomark 2021; 31: 211-225 [PMID: 33896819 DOI: 10.3233/CBM-200643]

8 Wang X, Wu Z, Zhang Z, Jiang Z. Prognostic and clinicopathological value of systemic immune-inflammation index in patients with 
osteosarcoma: a meta-analysis. Front Immunol 2024; 15: 1416068 [PMID: 39211035 DOI: 10.3389/fimmu.2024.1416068]

9 Zhang H, Lin J, Huang Y, Chen Y. The Systemic Immune-Inflammation Index as an Independent Predictor of Survival in Patients with 
Locally Advanced Esophageal Squamous Cell Carcinoma Undergoing Neoadjuvant Radiotherapy. J Inflamm Res 2024; 17: 4575-4586 [PMID: 
39011418 DOI: 10.2147/JIR.S463163]

10 Gavriilidis P, Pawlik TM. Inflammatory indicators such as systemic immune inflammation index (SIII), systemic inflammatory response index 
(SIRI), neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) as prognostic factors of curative hepatic resections for 
hepatocellular carcinoma. Hepatobiliary Surg Nutr 2024; 13: 509-511 [PMID: 38911214 DOI: 10.21037/hbsn-23-631]

11 Tsilimigras DI, Moris D, Mehta R, Paredes AZ, Sahara K, Guglielmi A, Aldrighetti L, Weiss M, Bauer TW, Alexandrescu S, Poultsides GA, 
Maithel SK, Marques HP, Martel G, Pulitano C, Shen F, Soubrane O, Koerkamp BG, Endo I, Pawlik TM. The systemic immune-inflammation 
index predicts prognosis in intrahepatic cholangiocarcinoma: an international multi-institutional analysis. HPB (Oxford) 2020; 22: 1667-1674 
[PMID: 32265108 DOI: 10.1016/j.hpb.2020.03.011]

12 Song Y, Guo W, Li Z, Guo D, Li Z, Li Y. Systemic immune-inflammation index is associated with hepatic steatosis: Evidence from NHANES 
2015-2018. Front Immunol 2022; 13: 1058779 [PMID: 36466832 DOI: 10.3389/fimmu.2022.1058779]

13 Zhao E, Cheng Y, Yu C, Li H, Fan X. The systemic immune-inflammation index was non-linear associated with all-cause mortality in 
individuals with nonalcoholic fatty liver disease. Ann Med 2023; 55: 2197652 [PMID: 37052341 DOI: 10.1080/07853890.2023.2197652]

14 Fu X, Yang Y, Zhang D. Molecular mechanism of albumin in suppressing invasion and metastasis of hepatocellular carcinoma. Liver Int 2022; 
42: 696-709 [PMID: 34854209 DOI: 10.1111/liv.15115]

15 Nojiri S, Joh T. Albumin suppresses human hepatocellular carcinoma proliferation and the cell cycle. Int J Mol Sci 2014; 15: 5163-5174 
[PMID: 24663086 DOI: 10.3390/ijms15035163]

16 Ibrahim B, Stange J, Dominik A, Sauer M, Doss S, Eggert M. Albumin promotes proliferation of G1 arrested serum starved hepatocellular 
carcinoma cells. PeerJ 2020; 8: e8568 [PMID: 32185103 DOI: 10.7717/peerj.8568]

17 Kaibori M, Yoshii K, Matsui K, Matsushima H, Kosaka H, Yamamoto H, Aoi K, Yamaguchi T, Yoshida K, Hatanaka T, Hiraoka A, Tada T, 
Kumada T, Sekimoto M. Modified Albumin-Bilirubin Grade and Alpha-Fetoprotein Score (mALF Score) for Predicting the Prognosis of 
Hepatocellular Carcinoma after Hepatectomy. Cancers (Basel) 2022; 14: 5292 [PMID: 36358711 DOI: 10.3390/cancers14215292]

18 Peri V, Lee E, Fink M, Starkey G, Nikfarjam M, Yoshino O, Furtado R, Sinclair M, Testro A, Majumdar A, Jones R, Muralidharan V, Perini 
MV. A Single Centre Experience with Pre-Operative Markers in the Prediction of Outcomes after Liver Resection for Hepatocellular 
Carcinoma. J Gastrointest Surg 2023; 27: 1376-1386 [PMID: 37095335 DOI: 10.1007/s11605-023-05681-1]

19 Tian Y, Ma L, Zhang P, Liu S, Luo X, Wu L, Liu H, Zhang X, Ding X. Prognostic value of systemic immune-inflammation index/ albumin for 
transcatheter arterial chemoembolization treatment. Heliyon 2023; 9: e15156 [PMID: 37151715 DOI: 10.1016/j.heliyon.2023.e15156]
Kim HS, Kim SU, Kim BK, Park JY, Kim DY, Ahn SH, Han KH, Park YN, Han DH, Kim KS, Choi JS, Choi GH, Kim HS. Serum Wisteria 
floribunda agglutinin-positive human Mac-2 binding protein level predicts recurrence of hepatitis B virus-related hepatocellular carcinoma after 

20

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-6966-2665
http://orcid.org/0000-0002-6966-2665
http://www.ncbi.nlm.nih.gov/pubmed/36790767
https://dx.doi.org/10.1001/jamasurg.2022.7989
http://www.ncbi.nlm.nih.gov/pubmed/31954491
https://dx.doi.org/10.1016/j.jhep.2019.11.017
http://www.ncbi.nlm.nih.gov/pubmed/24314615
https://dx.doi.org/10.1016/S1470-2045(13)70546-1
http://www.ncbi.nlm.nih.gov/pubmed/32702202
https://dx.doi.org/10.1002/ctm2.137
http://www.ncbi.nlm.nih.gov/pubmed/34660596
https://dx.doi.org/10.3389/fcell.2021.737723
http://www.ncbi.nlm.nih.gov/pubmed/35022204
https://dx.doi.org/10.1158/2159-8290.CD-21-1059
http://www.ncbi.nlm.nih.gov/pubmed/33896819
https://dx.doi.org/10.3233/CBM-200643
http://www.ncbi.nlm.nih.gov/pubmed/39211035
https://dx.doi.org/10.3389/fimmu.2024.1416068
http://www.ncbi.nlm.nih.gov/pubmed/39011418
https://dx.doi.org/10.2147/JIR.S463163
http://www.ncbi.nlm.nih.gov/pubmed/38911214
https://dx.doi.org/10.21037/hbsn-23-631
http://www.ncbi.nlm.nih.gov/pubmed/32265108
https://dx.doi.org/10.1016/j.hpb.2020.03.011
http://www.ncbi.nlm.nih.gov/pubmed/36466832
https://dx.doi.org/10.3389/fimmu.2022.1058779
http://www.ncbi.nlm.nih.gov/pubmed/37052341
https://dx.doi.org/10.1080/07853890.2023.2197652
http://www.ncbi.nlm.nih.gov/pubmed/34854209
https://dx.doi.org/10.1111/liv.15115
http://www.ncbi.nlm.nih.gov/pubmed/24663086
https://dx.doi.org/10.3390/ijms15035163
http://www.ncbi.nlm.nih.gov/pubmed/32185103
https://dx.doi.org/10.7717/peerj.8568
http://www.ncbi.nlm.nih.gov/pubmed/36358711
https://dx.doi.org/10.3390/cancers14215292
http://www.ncbi.nlm.nih.gov/pubmed/37095335
https://dx.doi.org/10.1007/s11605-023-05681-1
http://www.ncbi.nlm.nih.gov/pubmed/37151715
https://dx.doi.org/10.1016/j.heliyon.2023.e15156


Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5150 December 28, 2024 Volume 30 Issue 48

curative resection. Clin Mol Hepatol 2020; 26: 33-44 [PMID: 31243939 DOI: 10.3350/cmh.2018.0073]
21 Strasberg SM, Phillips C. Use and dissemination of the brisbane 2000 nomenclature of liver anatomy and resections. Ann Surg 2013; 257: 

377-382 [PMID: 22895397 DOI: 10.1097/SLA.0b013e31825a01f6]
22 Global Burden of Disease Liver Cancer Collaboration, Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, Al-Raddadi 

R, Alvis-Guzman N, Amoako Y, Artaman A, Ayele TA, Barac A, Bensenor I, Berhane A, Bhutta Z, Castillo-Rivas J, Chitheer A, Choi JY, 
Cowie B, Dandona L, Dandona R, Dey S, Dicker D, Phuc H, Ekwueme DU, Zaki MS, Fischer F, Fürst T, Hancock J, Hay SI, Hotez P, Jee SH, 
Kasaeian A, Khader Y, Khang YH, Kumar A, Kutz M, Larson H, Lopez A, Lunevicius R, Malekzadeh R, McAlinden C, Meier T, Mendoza W, 
Mokdad A, Moradi-Lakeh M, Nagel G, Nguyen Q, Nguyen G, Ogbo F, Patton G, Pereira DM, Pourmalek F, Qorbani M, Radfar A, Roshandel 
G, Salomon JA, Sanabria J, Sartorius B, Satpathy M, Sawhney M, Sepanlou S, Shackelford K, Shore H, Sun J, Mengistu DT, Topór-Mądry R, 
Tran B, Ukwaja KN, Vlassov V, Vollset SE, Vos T, Wakayo T, Weiderpass E, Werdecker A, Yonemoto N, Younis M, Yu C, Zaidi Z, Zhu L, 
Murray CJL, Naghavi M, Fitzmaurice C. The Burden of Primary Liver Cancer and Underlying Etiologies From 1990 to 2015 at the Global, 
Regional, and National Level: Results From the Global Burden of Disease Study 2015. JAMA Oncol 2017; 3: 1683-1691 [PMID: 28983565 
DOI: 10.1001/jamaoncol.2017.3055]

23 Villanueva A. Hepatocellular Carcinoma. N Engl J Med 2019; 380: 1450-1462 [PMID: 30970190 DOI: 10.1056/NEJMra1713263]
24 Wang MD, Li C, Liang L, Xing H, Sun LY, Quan B, Wu H, Xu XF, Wu MC, Pawlik TM, Lau WY, Shen F, Yang T. Early and Late 

Recurrence of Hepatitis B Virus-Associated Hepatocellular Carcinoma. Oncologist 2020; 25: e1541-e1551 [PMID: 32472951 DOI: 
10.1634/theoncologist.2019-0944]

25 Cai Y, Fu Y, Liu C, Wang X, You P, Li X, Song Y, Mu X, Fang T, Yang Y, Gu Y, Zhang H, He Z. Stathmin 1 is a biomarker for diagnosis of 
microvascular invasion to predict prognosis of early hepatocellular carcinoma. Cell Death Dis 2022; 13: 176 [PMID: 35210426 DOI: 
10.1038/s41419-022-04625-y]

26 Shi H, Zhang W, Hu B, Wang Y, Zhang Z, Sun Y, Mao G, Li C, Lu S. Whole-exome sequencing identifies a set of genes as markers of 
hepatocellular carcinoma early recurrence. Hepatol Int 2023; 17: 393-405 [PMID: 36550350 DOI: 10.1007/s12072-022-10457-x]

27 Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, Roberts LR, Heimbach JK. Diagnosis, Staging, and Management of 
Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2018; 68: 723-
750 [PMID: 29624699 DOI: 10.1002/hep.29913]

28 Moctezuma-Velázquez C, Lewis S, Lee K, Amodeo S, Llovet JM, Schwartz M, Abraldes JG, Villanueva A. Non-invasive imaging criteria for 
the diagnosis of hepatocellular carcinoma in non-cirrhotic patients with chronic hepatitis B. JHEP Rep 2021; 3: 100364 [PMID: 34712933 
DOI: 10.1016/j.jhepr.2021.100364]

29 Sohrab SS, Raj R, Nagar A, Hawthorne S, Paiva-Santos AC, Kamal MA, El-Daly MM, Azhar EI, Sharma A. Chronic Inflammation's 
Transformation to Cancer: A Nanotherapeutic Paradigm. Molecules 2023; 28: 4413 [PMID: 37298889 DOI: 10.3390/molecules28114413]

30 She S, Shi J, Zhu J, Yang F, Yu J, Dai K. Impact of inflammation and the immune system on hepatocellular carcinoma recurrence after 
hepatectomy. Cancer Med 2024; 13: e7018 [PMID: 38457189 DOI: 10.1002/cam4.7018]

31 Guthrie GJ, Roxburgh CS, Richards CH, Horgan PG, McMillan DC. Circulating IL-6 concentrations link tumour necrosis and systemic and 
local inflammatory responses in patients undergoing resection for colorectal cancer. Br J Cancer 2013; 109: 131-137 [PMID: 23756867 DOI: 
10.1038/bjc.2013.291]

32 Russell AE, Ford T, Gunnell D, Heron J, Joinson C, Moran P, Relton C, Suderman M, Hemani G, Mars B. Investigating evidence for a causal 
association between inflammation and self-harm: A multivariable Mendelian Randomisation study. Brain Behav Immun 2020; 89: 43-50 
[PMID: 32473944 DOI: 10.1016/j.bbi.2020.05.065]

33 Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-related inflammation and treatment effectiveness. Lancet Oncol 2014; 15: e493-
e503 [PMID: 25281468 DOI: 10.1016/S1470-2045(14)70263-3]

34 Li J, Shi HY, Zhou M. Correlation between preoperative systemic immune inflammation index, nutritional risk index, and prognosis of radical 
resection of liver cancer. World J Gastrointest Surg 2023; 15: 2445-2455 [PMID: 38111765 DOI: 10.4240/wjgs.v15.i11.2445]

35 Zhang T, Liu Z, Zhao X, Mao Z, Bai L. A novel prognostic score model based on combining systemic and hepatic inflammation markers in 
the prognosis of HBV-associated hepatocellular carcinoma patients. Artif Cells Nanomed Biotechnol 2019; 47: 2246-2255 [PMID: 31169437 
DOI: 10.1080/21691401.2019.1573174]

36 Wang C, He W, Yuan Y, Zhang Y, Li K, Zou R, Liao Y, Liu W, Yang Z, Zuo D, Qiu J, Zheng Y, Li B, Yuan Y. Comparison of the prognostic 
value of inflammation-based scores in early recurrent hepatocellular carcinoma after hepatectomy. Liver Int 2020; 40: 229-239 [PMID: 
31652394 DOI: 10.1111/liv.14281]

37 Wenpei G, Yuan L, Liangbo L, Jingjun M, Bo W, Zhiqiang N, Yijie N, Lixin L. Predictive value of preoperative inflammatory indexes for 
postoperative early recurrence of hepatitis B-related hepatocellular carcinoma. Front Oncol 2023; 13: 1142168 [PMID: 37519805 DOI: 
10.3389/fonc.2023.1142168]

38 Wang J, Chen Z, Wang L, Feng S, Qiu Q, Chen D, Li N, Xiao Y. A new model based inflammatory index and tumor burden score (TBS) to 
predict the recurrence of hepatocellular carcinoma (HCC) after liver resection. Sci Rep 2022; 12: 8670 [PMID: 35606395 DOI: 
10.1038/s41598-022-12518-5]

39 Tan S, Jiang J, Qiu L, Liang Y, Meng J, Tan N, Xiang B. Prevalence of Malnutrition in Patients with Hepatocellular Carcinoma: A 
Comparative Study of GLIM Criteria, NRS2002, and PG-SGA, and Identification of Independent Risk Factors. Nutr Cancer 2024; 76: 335-344 
[PMID: 38379140 DOI: 10.1080/01635581.2024.2314317]

40 Hiraoka A, Kumada T, Michitaka K, Kudo M. Newly Proposed ALBI Grade and ALBI-T Score as Tools for Assessment of Hepatic Function 
and Prognosis in Hepatocellular Carcinoma Patients. Liver Cancer 2019; 8: 312-325 [PMID: 31768342 DOI: 10.1159/000494844]

41 Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou J, Fan J. Systemic immune-inflammation index predicts 
prognosis of patients after curative resection for hepatocellular carcinoma. Clin Cancer Res 2014; 20: 6212-6222 [PMID: 25271081 DOI: 
10.1158/1078-0432.CCR-14-0442]

42 Xu Y, Han H, Cao W, Fu H, Liu Y, Yan L, Qin T. Establishment and validation of a predictive model of recurrence in primary hepatocellular 
carcinoma after resection. J Gastrointest Oncol 2023; 14: 278-286 [PMID: 36915435 DOI: 10.21037/jgo-22-1303]

43 Wang D, Hu X, Xiao L, Long G, Yao L, Wang Z, Zhou L. Prognostic Nutritional Index and Systemic Immune-Inflammation Index Predict the 
Prognosis of Patients with HCC. J Gastrointest Surg 2021; 25: 421-427 [PMID: 32026332 DOI: 10.1007/s11605-019-04492-7]

44 Yang J, Bao Y, Chen W, Duan Y, Sun D. Nomogram Based on Systemic Immune Inflammation Index and Prognostic Nutrition Index Predicts 
Recurrence of Hepatocellular Carcinoma After Surgery. Front Oncol 2020; 10: 551668 [PMID: 33163397 DOI: 10.3389/fonc.2020.551668]
Shan ZG, Zhao YL, Zhang JY, Yan ZB, Wang TT, Mao FY, Teng YS, Peng LS, Chen WY, Wang P, Cheng P, Tian WQ, Chen J, Chen W, 45

http://www.ncbi.nlm.nih.gov/pubmed/31243939
https://dx.doi.org/10.3350/cmh.2018.0073
http://www.ncbi.nlm.nih.gov/pubmed/22895397
https://dx.doi.org/10.1097/SLA.0b013e31825a01f6
http://www.ncbi.nlm.nih.gov/pubmed/28983565
https://dx.doi.org/10.1001/jamaoncol.2017.3055
http://www.ncbi.nlm.nih.gov/pubmed/30970190
https://dx.doi.org/10.1056/NEJMra1713263
http://www.ncbi.nlm.nih.gov/pubmed/32472951
https://dx.doi.org/10.1634/theoncologist.2019-0944
http://www.ncbi.nlm.nih.gov/pubmed/35210426
https://dx.doi.org/10.1038/s41419-022-04625-y
http://www.ncbi.nlm.nih.gov/pubmed/36550350
https://dx.doi.org/10.1007/s12072-022-10457-x
http://www.ncbi.nlm.nih.gov/pubmed/29624699
https://dx.doi.org/10.1002/hep.29913
http://www.ncbi.nlm.nih.gov/pubmed/34712933
https://dx.doi.org/10.1016/j.jhepr.2021.100364
http://www.ncbi.nlm.nih.gov/pubmed/37298889
https://dx.doi.org/10.3390/molecules28114413
http://www.ncbi.nlm.nih.gov/pubmed/38457189
https://dx.doi.org/10.1002/cam4.7018
http://www.ncbi.nlm.nih.gov/pubmed/23756867
https://dx.doi.org/10.1038/bjc.2013.291
http://www.ncbi.nlm.nih.gov/pubmed/32473944
https://dx.doi.org/10.1016/j.bbi.2020.05.065
http://www.ncbi.nlm.nih.gov/pubmed/25281468
https://dx.doi.org/10.1016/S1470-2045(14)70263-3
http://www.ncbi.nlm.nih.gov/pubmed/38111765
https://dx.doi.org/10.4240/wjgs.v15.i11.2445
http://www.ncbi.nlm.nih.gov/pubmed/31169437
https://dx.doi.org/10.1080/21691401.2019.1573174
http://www.ncbi.nlm.nih.gov/pubmed/31652394
https://dx.doi.org/10.1111/liv.14281
http://www.ncbi.nlm.nih.gov/pubmed/37519805
https://dx.doi.org/10.3389/fonc.2023.1142168
http://www.ncbi.nlm.nih.gov/pubmed/35606395
https://dx.doi.org/10.1038/s41598-022-12518-5
http://www.ncbi.nlm.nih.gov/pubmed/38379140
https://dx.doi.org/10.1080/01635581.2024.2314317
http://www.ncbi.nlm.nih.gov/pubmed/31768342
https://dx.doi.org/10.1159/000494844
http://www.ncbi.nlm.nih.gov/pubmed/25271081
https://dx.doi.org/10.1158/1078-0432.CCR-14-0442
http://www.ncbi.nlm.nih.gov/pubmed/36915435
https://dx.doi.org/10.21037/jgo-22-1303
http://www.ncbi.nlm.nih.gov/pubmed/32026332
https://dx.doi.org/10.1007/s11605-019-04492-7
http://www.ncbi.nlm.nih.gov/pubmed/33163397
https://dx.doi.org/10.3389/fonc.2020.551668


Chen KL et al. Systemic immune-inflammation index/albumin for HCC patients

WJG https://www.wjgnet.com 5151 December 28, 2024 Volume 30 Issue 48

Zhuang Y. FasL(+) PD-L2(+) Identifies a Novel Immunosuppressive Neutrophil Population in Human Gastric Cancer That Promotes Disease 
Progression. Adv Sci (Weinh) 2022; 9: e2103543 [PMID: 34957697 DOI: 10.1002/advs.202103543]

46 Dumitru CA, Gholaman H, Trellakis S, Bruderek K, Dominas N, Gu X, Bankfalvi A, Whiteside TL, Lang S, Brandau S. Tumor-derived 
macrophage migration inhibitory factor modulates the biology of head and neck cancer cells via neutrophil activation. Int J Cancer 2011; 129: 
859-869 [PMID: 21328346 DOI: 10.1002/ijc.25991]

47 Park J, Wysocki RW, Amoozgar Z, Maiorino L, Fein MR, Jorns J, Schott AF, Kinugasa-Katayama Y, Lee Y, Won NH, Nakasone ES, Hearn 
SA, Küttner V, Qiu J, Almeida AS, Perurena N, Kessenbrock K, Goldberg MS, Egeblad M. Cancer cells induce metastasis-supporting 
neutrophil extracellular DNA traps. Sci Transl Med 2016; 8: 361ra138 [PMID: 27798263 DOI: 10.1126/scitranslmed.aag1711]

48 Ma SJ, Yu H, Khan M, Gill J, Santhosh S, Chatterjee U, Iovoli A, Farrugia M, Mohammadpour H, Wooten K, Gupta V, McSpadden R, 
Kuriakose MA, Markiewicz MR, Hicks WL Jr, Platek ME, Seshadri M, Ray AD, Repasky E, Singh AK. Evaluation of Optimal Threshold of 
Neutrophil-Lymphocyte Ratio and Its Association With Survival Outcomes Among Patients With Head and Neck Cancer. JAMA Netw Open 
2022; 5: e227567 [PMID: 35426920 DOI: 10.1001/jamanetworkopen.2022.7567]

49 Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature 2008; 454: 436-444 [PMID: 18650914 DOI: 
10.1038/nature07205]

50 Homann L, Rentschler M, Brenner E, Böhm K, Röcken M, Wieder T. IFN-γ and TNF Induce Senescence and a Distinct Senescence-
Associated Secretory Phenotype in Melanoma. Cells 2022; 11: 1514 [PMID: 35563820 DOI: 10.3390/cells11091514]

51 Xiong Y, Shi L, Zhu L, Peng G. Comparison of TPF and TP Induction Chemotherapy for Locally Advanced Nasopharyngeal Carcinoma Based 
on TNM Stage and Pretreatment Systemic Immune-Inflammation Index. Front Oncol 2021; 11: 731543 [PMID: 34616680 DOI: 
10.3389/fonc.2021.731543]

52 Thio QCBS, Goudriaan WA, Janssen SJ, Paulino Pereira NR, Sciubba DM, Rosovksy RP, Schwab JH. Prognostic role of neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio in patients with bone metastases. Br J Cancer 2018; 119: 737-743 [PMID: 30116026 DOI: 
10.1038/s41416-018-0231-6]

53 Ruiz-Ranz M, Lequerica-Fernández P, Rodríguez-Santamarta T, Suárez-Sánchez FJ, López-Pintor RM, García-Pedrero JM, de Vicente JC. 
Prognostic implications of preoperative systemic inflammatory markers in oral squamous cell carcinoma, and correlations with the local 
immune tumor microenvironment. Front Immunol 2022; 13: 941351 [PMID: 35958590 DOI: 10.3389/fimmu.2022.941351]

54 Giannakeas V, Kotsopoulos J, Brooks JD, Cheung MC, Rosella L, Lipscombe L, Akbari MR, Austin PC, Narod SA. Platelet Count and 
Survival after Cancer. Cancers (Basel) 2022; 14: 549 [PMID: 35158817 DOI: 10.3390/cancers14030549]

55 Gao W, Liu W, Dong X, Sun Y. Albumin-manganese dioxide nanocomposites: a potent inhibitor and ROS scavenger against Alzheimer's β-
amyloid fibrillogenesis and neuroinflammation. J Mater Chem B 2023; 11: 10482-10496 [PMID: 37909060 DOI: 10.1039/d3tb01763j]

56 Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: Pathogenesis and Clinical Significance. JPEN J Parenter Enteral Nutr 2019; 43: 181-
193 [PMID: 30288759 DOI: 10.1002/jpen.1451]

http://www.ncbi.nlm.nih.gov/pubmed/34957697
https://dx.doi.org/10.1002/advs.202103543
http://www.ncbi.nlm.nih.gov/pubmed/21328346
https://dx.doi.org/10.1002/ijc.25991
http://www.ncbi.nlm.nih.gov/pubmed/27798263
https://dx.doi.org/10.1126/scitranslmed.aag1711
http://www.ncbi.nlm.nih.gov/pubmed/35426920
https://dx.doi.org/10.1001/jamanetworkopen.2022.7567
http://www.ncbi.nlm.nih.gov/pubmed/18650914
https://dx.doi.org/10.1038/nature07205
http://www.ncbi.nlm.nih.gov/pubmed/35563820
https://dx.doi.org/10.3390/cells11091514
http://www.ncbi.nlm.nih.gov/pubmed/34616680
https://dx.doi.org/10.3389/fonc.2021.731543
http://www.ncbi.nlm.nih.gov/pubmed/30116026
https://dx.doi.org/10.1038/s41416-018-0231-6
http://www.ncbi.nlm.nih.gov/pubmed/35958590
https://dx.doi.org/10.3389/fimmu.2022.941351
http://www.ncbi.nlm.nih.gov/pubmed/35158817
https://dx.doi.org/10.3390/cancers14030549
http://www.ncbi.nlm.nih.gov/pubmed/37909060
https://dx.doi.org/10.1039/d3tb01763j
http://www.ncbi.nlm.nih.gov/pubmed/30288759
https://dx.doi.org/10.1002/jpen.1451


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Preoperative assessment and liver resection
	Definition
	Follow-up
	Statistical analysis

	RESULTS
	Patient features
	Comparison of the predictive power of SII/ALB with several inflammatory indices of OS and RFS
	Determination of the cutoff value of SII/ALB
	Relationship between SII/ALB and HCC clinicopathological factors
	Relationship between preoperative SII/ALB and both OS and RFS
	Subgroup analysis
	Univariate and multivariate regression using Cox proportional hazards models of OS and RFS
	Construction of the nomogram for predicting 5-year OS
	Assessment of the nomogram performance and applicability

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

