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Abstract
Objective  Liver function, tumor burden, inflammation level, and nutritional status are critical factors influencing 
tumor onset, progression, and metastasis. This study sought to investigate the prognostic significance and clinical 
relevance of biomarkers associated with these factors to develop a novel liver function-tumor burden-inflammation-
nutrition (LTIN) score for patients with hepatocellular carcinoma (HCC) who received hepatectomy.

Methods  A retrospective analysis was conducted on 285 patients with HCC undergoing hepatectomy at two 
medical centers between July 2019 and July 2023. The patients were divided into a training set (n = 200) and a 
validation set (n = 85). The study evaluated the prognostic significance of eight relevant clinical indicators and 
developed an LTIN score using Least Absolute Shrinkage and Selection Operator (LASSO) regression. Kaplan-Meier 
survival curves and multivariate Cox regression analysis were utilized to determine the prognostic value of the 
LTIN score. Time-dependent receiver operating characteristic (ROC) analyses were used to compare the predictive 
performance of various prognostic factors.

Results  The LTIN score, derived from the albumin-bilirubin (ALBI) grade, tumor burden score (TBS), prognostic 
nutritional index (PNI), and prognostic inflammatory index (PII), effectively classified patients into high- and low-risk 
groups based on the optimal cut-off value. Patients with low-risk scores exhibited significantly better overall survival 
(OS) and recurrence-free survival (RFS) than those with high-risk groups in both the training and validation sets 
(P < 0.001). Furthermore, the LTIN score was identified as a significant independent prognostic factor for both OS 
(P < 0.001) and RFS (P < 0.001). The LTIN score also exhibited superior prognostic capabilities compared to the other 
indicators, Tumor-Node-Metastasis (TNM) staging system, and Barcelona Clinic Liver Cancer (BCLC) staging system.
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Introduction
Hepatocellular carcinoma (HCC) is an aggressive liver 
malignancy and the third leading cause of cancer-related 
mortality worldwide [1]. In China, liver cancer ranks 
fourth in incidence and third in mortality [2]. In the 
United States, the incidence of liver cancer has been 
increasing and is associated with a poor prognosis, as 
evidenced by a 5-year survival rate of just 18% [3]. The 
global prevalence of liver cancer exceeds 1 million cases 
annually [4]. For patients with early-stage HCC, surgical 
resection, liver transplantation, and radiofrequency abla-
tion are the primary curative treatment options [5, 6]. In 
contrast, for advanced HCC, transarterial chemoembo-
lization (TACE), targeted therapy, and immunotherapy 
are currently regarded as the most promising therapeutic 
strategies [7–9]. Despite the implementation of therapeu-
tic interventions, the limited efficacy of radical liver can-
cer surgery is evident, as indicated by a 5-year survival 
rate ranging between 50 and 70%, primarily attributed 
to its high recurrence rate [10]. Therefore, the develop-
ment of a robust preoperative scoring system is essential 

to identify patients who are most likely to benefit from 
surgery and to guide the creation of personalized treat-
ment approaches.

Several commonly used clinicopathological factors, 
such as tumor size, tumor number, histological grade, 
multifocality, microvascular invasion (MVI), and individ-
ual blood biochemical indicators, are employed for prog-
nosis assessment and risk stratification in HCC patients. 
However, the prognostic value of these conventional fac-
tors for HCC is restricted. Increasing evidence suggests 
that tumor burden [11, 12], liver function levels [13–16], 
inflammation levels [17–19], and nutritional status 
[20–22] are significantly correlated with HCC progno-
sis. Nonetheless, a single indicator cannot fully represent 
liver function, tumor characteristics, inflammation, and 
nutritional status in HCC patients. It remains unclear 
whether a combination of these factors can address this 
limitation. Therefore, our research aimed to evaluate 
various recognized markers and assessments, resulting in 
the creation of an innovative metric known as the liver 
function-tumor burden-inflammation-nutrition (LTIN) 

Conclusion  Our findings indicated that the preoperative LTIN score has significant potential as a reliable predictor 
of OS and RFS for HCC patients underwent radical surgery. The LTIN score could further effectively guide treatment 
decisions and optimize follow-up strategies to enhance patients prognosis.
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Fig. 1  Patient Selection Flowchart
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score. This score combines factors such as liver function, 
tumor load, inflammation levels, and nutritional status.

Materials and methods
Patients and study design
We conducted a retrospective collection of clinical and 
pathological data from patients with HCC who under-
went radical liver resection at Sichuan Provincial Peo-
ple’s Hospital and Sichuan Provincial Cancer Hospital 
between July 2019 and July 2023. Blood samples and 
other indicators and imaging evaluation were obtained 
within one week prior to the surgery. Inclusion criteria 
for the study were as follows: (1) confirmation of HCC 
through postoperative histopathological evaluation; (2) 
age ≥ 18 years; (3) the patient underwent radical surgi-
cal resection; (4) no recurrent tumor. Exclusion criteria 
consisted of: (1) having history of non-HCC malignan-
cies or complicated with other malignancies; (2) preex-
isting autoimmune or systemic inflammatory disease; (3) 
receiving preoperative anticancer therapy; (4) follow-up 
less than 1 month after hepatectomy. Curative hepatec-
tomy was defined as complete removal of all macroscopic 
tumors with negative surgical margins on microscopy 
and there is no invasion to adjacent organs or lymphatic 
and distant metastasis [23]. Ultimately, A total of 285 
patients who met the eligibility criteria were included 
in the study. 200 patients were from Sichuan Provincial 
People’s Hospital, constituting the training set, and 85 
patients were from Sichuan Cancer Hospital, constitut-
ing the validation set. The study protocol was designed 
in accordance with the ethical principles outlined in the 
Helsinki Declaration. Written informed consent was 
obtained from each participant or their legal guardian.

Follow up
Survival data were gathered through outpatient visits and 
follow-up calls every three months in the first year after 
surgery. If no recurrence or metastasis occurred, follow-
ups were scheduled every six months thereafter. The 
primary outcome was overall survival (OS), which was 
defined as the period from the date of curative surgery to 
either death, loss to follow-up, or the conclusion of the 
follow-up period (July 2024), whichever occurred first. 
The secondary outcome was recurrence-free survival 
(RFS), defined as the time interval from the date of cura-
tive surgery until recurrence, loss to follow-up, or the end 
of follow-up (July 2024), whichever occurred earlier.

Clinical variables
The clinical and pathological data collected from patients 
encompassed several variables, including gender, age, 
body mass index (BMI), hepatitis B virus infection 
(HBV), Barcelona Clinic Liver Cancer (BCLC) staging, 
liver function grade, degree of cirrhosis, maximum tumor 

diameter, tumor quantity, tumor differentiation, MVI, 
and Portal Vein Tumor Thrombosis (PVTT). In addition, 
laboratory tests were performed one week before sur-
gery, which included measurements of alpha-fetoprotein 
(AFP), carcinoembryonic antigen (CEA), albumin, bili-
rubin, neutrophil count, monocyte count, lymphocyte 
count, and platelet count.

From the clinical variables, we derived eight indica-
tors that are associated with tumor morphology, immune 
function, inflammatory levels, and nutritional status. 
These indicators encompass albumin-bilirubin (ALBI) 
grade, tumor burden score (TBS), prognostic nutritional 
index (PNI), prognostic inflammatory index (PII), sys-
temic immune inflammation index (SII), neutrophil to 
lymphocyte ratio (NLR), lymphocyte to monocyte ratio 
(LMR), and platelet to lymphocyte ratio (PLR).

Construction of LTIN score
Kaplan-Meier survival analysis and univariate Cox 
regression were used to identify biomarkers linked to 
the prognosis of HCC patients. A P-value of less than 
0.05 was regarded as statistically significant and justified 
further investigation. The variables corresponding to the 
eight indicators were selected using the Least Absolute 
Shrinkage and Selection Operator (LASSO) regression 
model. Following this, the LTIN score was calculated 
using the coefficients derived from the LASSO regression 
analysis.

Statistical analysis
The clinical and pathological data from 200 cases of 
HCC patients were utilized as the training set. Nor-
mality of continuous variables was assessed using the 
Kolmogorov-Smirnov test. For normally distributed vari-
ables, Student’s t-test was used, with results presented 
as mean ± standard deviation (SD). For non-normally 
distributed variables, the Mann-Whitney U test was 
employed, with results shown as median (interquartile 
range, IQR). The baseline characteristics of the patient 
were analyzed using the Pearson chi-square test or 
Fisher,s exact test. Survival curves were generated using 
the Kaplan-Meier method, with differences assessed by 
the log-rank test. Cox proportional hazards model were 
used for univariate and multivariate analysis. Addition-
ally, time-dependent receiver operating characteristic 
(ROC) curves were utilized to assess the prognostic accu-
racy of the LTIN score for OS. All statistical analyses 
were conducted using IBM SPSS software (version 26.0), 
while LASSO regression, predictive model construction 
and evaluation, and data visualization were carried out 
using R software (version 4.2.1).
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Characteristics All patients
(N = 285)

Training set
(N = 200)

Validation set
(N = 85)

P value

Gender 0.650
  Male 244 (85.6%) 170 (85%) 74 (87.1%)
  Female 41 (14.4%) 30 (15%) 11 (12.9%)
Age, years 57 (50,65) 56 (49,66) 59 (54,63) 0.475
BMI, kg/m2 22.52 (20.82,24.59) 22.36 (20.70,24.03) 23.53 (21.37,25.07) 0.061
Etiology of HCC 0.182
  HBV 243(85.3%) 177(88.5%) 66(77.6%)
  Others 42(14.7%) 23(11.5%) 19(22.4%)
  ALB, g/L 38.72 (34.42,40.91) 37.40 (33.08,40.00) 40.10 (37.95,42.45) 0.742
  LYM, 109/L 1.33 (0.99,1.74) 1.27 (0.96,1.77) 1.40 (1.03,1.71) 0.421
  NEUT, 109/L 3.23 (2.27,4.31) 3.36 (2.24,4.60) 3.02 (2.47,3.96) 0.447
  MONO, 109/L 0.42 (0.31,0.56) 0.46 (0.35,0.62) 0.39 (0.27,0.52) 0.323
  AFP, ng/mL 18.62 (3.93,343.16) 28.00 (4.07,447.49) 9.25 (3.69,225.93) 0.358
  CEA, ng/mL 2.50 (1.68,3.40) 2.51 (1.72,3.42) 2.42 (1.45,3.42) 0.235
  NLR 2.34 (1.66,3.42) 2.32 (1.67,3.62) 2.39 (1.54,3.25) 0.764
  PLR 100.62 (68.27,145.68) 104.98 (67.96,150.27) 93.48 (69.15,130.25) 0.205
  SII 297 (182.14,512.70) 321.85 (178.81,539.63) 277.98 (187.61,448.24) 0.382
  PII 0.97 (0.60,1.74) 1.14 (0.63,1.97) 0.95 (0.52,1.74) 0.163
  PNI 45.40 (40.50,49.40) 44.29 (39.15,48.23) 47.15 (44.25-,50.03) 0.435
  TBS 5.49 (3.64,8.25) 6.08 (4.12,9.06) 4.31 (3.35,6.06) 0.068
  ALBI −2.49 (−2.72,−2.10) −2.36 (−2.62,−2.00) −2.71 (−2.84,−2.49) 0.315
Child-Pugh grade 0.064
  A 205 (71.9%) 129 (64.5%) 76 (89.4%)
  B 79 (27.7%) 70 (35%) 9 (10.6%)
  C 1 (0.4%) 1 (0.5%) 0 (0%)
BCLC stage 0.057
  0/A 166 (58.2%) 103 (51.5%) 63 (74.2%)
  B 50 (17.5%) 39 (19.5%) 11 (12.9%)
  C 69 (24.3%) 58 (29%) 11 (12.9%)
Microvascular invasion 0.123
  No 189 (66.3%) 127 (63.5%) 62 (72.9%)
  Yes 96 (33.7%) 73 (36.5%) 23 (27.1%)
Histopathological type 0.113
Poorly differentiation 49 (17.2%) 39 (19.5%) 10 (11.8%)
Medium-high differentiation 236 (82.8%) 161 (80.5%) 75 (88.2%)
Cirrhosis 0.155
  No 87 (30.5%) 56 (28%) 31 (36.5%)
  Yes 198 (69.5%) 144 (72%) 54 (63.5%)
PVTT 0.612
  No 247 (86.7%) 172 (86%) 75 (88.2%)
  Yes 38 (13.3%) 28 (14%) 10 (11.8%)
Tumor number 0.071
  Single 207 (68%) 136 (68%) 71 (83.5%)
  Multiple 78 (32%) 64 (32%) 14 (16.5%)
  Tumor size 5.0 (3.45,8.0) 6.0 (3.5,9.0) 4.0 (3.1,5.85) 0.064
Dead 0.076
  No 172 (60.4%) 114 (57%) 58 (68.2%)
  Yes 113 (39.6%) 86 (43%) 27 (31.8%)
Recurrence 0.106

Table 1  Comparison of clinicopathological characteristics in the training and validation sets
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Results
Classification of patient characteristics and prognostic 
indicators
This study involved HCC patients who underwent radi-
cal surgical resection. The process screening flow chart 
for including patients is shown in Fig. 1. The mean age of 
the patients was 57 years (50–65 years), with 244 males 
(85.6%) and 41 females (14.4%). The median follow-
up duration was 15 months (range:9–24 months), and 
at the end of the follow-up, 145 patients experienced 
tumor recurrence (108 patients in the training set and 37 
patients in the validation set) and 113 patients died (86 
patients in the training set and 27 patients in the valida-
tion set). Correlation analyses of clinical baseline charac-
teristics and pathological features in both the training set 
(n = 200) and validation set (n = 85) showed a comparable 
distribution between the two groups (P < 0.05, Table  1). 
Prognostic indicators included ALBI, NLR, PLR, LMR, 
PII, PNI, SII, and TBS. Additionally, X-tile software was 
utilized to calculate the optimal cut-off values for each 
indicator, with specific classifications and calculation for-
mulas presented in Table 2

Survival analysis of LTIN score
Univariate Cox regression analysis indicated that OS was 
significantly correlated with eight indicators (P < 0.05, 
Fig.  2A), and Kaplan-Meier survival analysis revealed 
low TBS, PII, SII, ALBI, NLR, and PLR grades, as well 
as high PNI and LMR, which were significantly asso-
ciated with improved OS and RFS (P < 0.05, Figs.  3 and 
4). Subsequently, LASSO regression analysis of these 
eight indicators demonstrated that ALBI, TBS, PNI, and 
PII were significantly correlated with OS (Fig.  2B and 

C). Using the coefficients obtained from LASSO regres-
sion analysis, we developed the LTIN score as: risk 
score = 0.828 + 0.059 x ALBI + 0.05 x TBS − 0.017 x PNI 
− 0.029 x PII. We categorized LTIN scores into low-risk 
group (≤ 0.26) and high-risk group (> 0.26) and further 
investigated the correlation between LTIN score and 
clinicopathological features in the training and validation 
sets. The results showed a significant correlation between 
LTIN score, Child Pugh grade, BCLC stage, and PVTT 
(Table  3). The Kaplan-Meier curves demonstrated that 
the low-risk group based on the LTIN score had signifi-
cantly improved OS and RFS outcomes compared to the 
high-risk group (P < 0.001, Fig.  5A and D). Comparative 
analysis of the predictive value for prognosis indicated 
that the LTIN score had a significantly higher area under 
the curve (AUC) than any of the individual indicators 
alone (Fig. 5E and F). We also compared the LTIN score 
prediction model with commonly used Tumor-Node-
Metastasis (TNM) staging system, BCLC staging system, 
and serum biomarkers such as AFP and CEA. The com-
parative analysis of prognostic prediction values showed 
that the AUC of LTIN score is significantly higher than 
the models and biomarkers mentioned above (Supple-
mentary Fig. 1).

In addition, time-dependent ROC curves of OS over 1 
to 3 years were plotted using LTIN scores from both the 
training and validation sets. The 1-, 2- and 3-year AUC 
values obtained were 0.914, 0.903, and 0.890 for the 
training set, and 0.886, 0.863, and 0.773 for the valida-
tion set, respectively (Fig.  5G and H). Moreover, in the 
training set, we conducted univariate and multivariate 
Cox regression analyses to assess the impact of various 
clinical and pathological features along with the LTIN 

Table 2  Abbreviations, definitions and cut-off values of biomarkers
Prognostic indicators and abbreviations Basis of calculation Cut-off value
Tumor burden score, TBS √(Maximum diameter of tumor2 + Number of tumors2) 9.8
Albumin bilirubin, ALBI log10(Tbil(mol/L))*0.66-Alb(g/L)*0.085 −2.14
Prognostic nutritional index, PNI Alb(g/L)+5*LY(109 /L) 44.4
Systemic immune inflammation index, SII PLT*NE/LY(109 /L) 465
Neutrophil to lymphocyte ratio, NLR NE/LY(109 /L) 2.54
Platelet to lymphocyte ratio, PLR PLT/LY(109 /L) 156
Lymphocyte to monocyte ratio, LMR MO/LY(109 /L) 3.3
Prognostic inflammatory index, PII NE*MO/LY(109 /L) 1.74
Abbreviations: Tbil, Total bilirubin; Alb, Albumin; LY, Lymphocyte; PLT, Platelet; NE, Neutrophil; MO, Monocyte

Characteristics All patients
(N = 285)

Training set
(N = 200)

Validation set
(N = 85)

P value

  No 140 (49.1%) 92 (46%) 48 (56.5%)
  Yes 145 (50.9%) 108 (54%) 37 (43.5%)
Abbreviations: BMI, Body mass index; HCC, Hepatocellular carcinoma; HBV, Hepatitis B Virus; ALB, Albumin; LYM, Lymphocyte; NEUT, Neutrophil; MONO, Monocyte; 
AFP, Alpha-fetoprotein; CEA, Carcinoembryonic antigen; TBS, Tumor burden score; ALBI, Albumin bilirubin; PNI, Prognostic nutritional index; SII, Systemic immune 
inflammation index; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; PII, Prognostic inflammatory index; BCLC, Barcelona Clinic Liver Cancer; 
PVTT, Portal vein tumor thrombus

Table 1  (continued) 
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score as an independent risk factor on OS (HR = 14.31, 
95% CI = 7.77–26.39, P < 0.001) and RFS (HR = 7.93, 95% 
CI = 4.92–12.78, P < 0.001) (Table  4). Internal validation 
involves analyzing the consistency index of the training 
set to calculate the discrimination between the predicted 
values of the Cox model in survival analysis and the true 
values, which is commonly used to evaluate the predic-
tion accuracy of patient prognosis models. In this study, 
clinical data from 200 patients from Sichuan Provincial 
People’s Hospital formed the training set. The Concor-
dance index (C-index) analysis of the LTIN score predic-
tion model was 0.839 (95% CI = 0.820–0.857), indicating 

that the model has good accuracy. In conclusion, the 
LTIN score showed displayed remarkable prognostic 
potential as a composite indicator encompassing liver 
function level, tumor morphology, inflammation level, 
and nutritional status.

Discussion
Surgical removal is widely accepted as a primary 
approach for treating HCC globally. Nevertheless, it is 
crucial to consider patient-specific factors when assess-
ing potential surgical benefits. Extensive research has 
demonstrated that liver function level, tumor burden, 

Fig. 2  The LTIN score was constructed using the LASSO Cox regression model. (A) Forest plot of the univariate Cox regression analysis for OS of the train-
ing set. (B) Partial likelihood deviance for LASSO coefficient profiles. (C) LASSO coefficient profiles of 8 biomarkers. The red dots indicate the values of 
partial likelihood, while the grey lines represent the standard error. and the vertical dotted line shows the optimal values by 1-s.e. Abbreviations: LTIN, Liver 
function-tumor burden-inflammation-nutrition; LASSO, Least absolute shrinkage and selection operator; OS, Overall survival; TBS, Tumor burden score; 
ALBI, Albumin bilirubin; PNI, Prognostic nutritional index; SII, Systemic immune inflammation index; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to 
lymphocyte ratio; PII, Prognostic inflammatory index; LMR, lymphocyte to monocyte ratio; HR, Hazard ratio
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Fig. 3  Kaplan-Meier curves for OS, stratified by (A) ALBI, (B) LMR, (C) NLR, (D) PII, (E) PLR, (F) PNI, (G) SII, and (H) TBS in patients with HCC. Abbreviations: 
OS, Overall survival; TBS, Tumor burden score; ALBI, Albumin bilirubin; PNI, Prognostic nutritional index; SII, Systemic immune inflammation index; NLR, 
Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; PII, Prognostic inflammatory index; LMR, lymphocyte to monocyte ratio; HCC, Hepato-
cellular carcinoma
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Fig. 4  Kaplan-Meier curves for RFS, stratified by (A) ALBI, (B) LMR, (C) NLR, (D) PII, (E) PLR, (F) PNI, (G) SII, and (H) TBS in patients with HCC. Abbreviations: 
RFS, Recurrence-free survival; TBS, Tumor burden score; ALBI, Albumin bilirubin; PNI, Prognostic nutritional index; SII, Systemic immune inflammation 
index; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; PII, Prognostic inflammatory index; LMR, Lymphocyte to monocyte ratio; 
HCC, Hepatocellular carcinoma
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Table 3  Relationship of the LTIN score with clinicopathological characteristics of HCC after radical resection in the training and 
validation sets

Training set Validation set
Characteristics Low risk(n = 119) High risk(n = 81) P value Low risk(n = 68) High risk(n = 17) P value
Gender 0.250 0.076
Male 104(87.4%) 66(81.5%) 57(83.8%) 17(100%)
Female 15(12.6%) 15(18.5%) 11(16.2%) 0(0%)
Age, years 0.685 0.084
< 65 84(70.6%) 55(67.9%) 51(75%) 16(94.1%)
≥ 65 35(29.4%) 26(32.1%) 17(25%) 1(5.9%)
HBV infection 0.553 0.241
Yes 104(87.4%) 73(90.1%) 51(75%) 15(88.2%)
No 15(12.6%) 8(9.9%) 17(25%) 2(11.8%)
AFP, ng/mL 0.757 0.028
< 20 57(47.9%) 37(45.7%) 44(64.7%) 6(35.3%)
≥ 20 62(52.1%) 44(54.3%) 24(35.3%) 11 (64.7%)
CEA, ng/mL 0.257 0.860
< 5 110(92.4%) 71(87.7%) 61(89.7%) 15(88.2%)
≥ 5 9(7.6%) 10(12.3%) 7(10.3%) 2(11.8%)
Child-Pugh grade < 0.001 0.043
A 93 (78.2%) 36 (44.4%) 63(92.6%) 13(76.5%)
B/C 26 (21.8%) 45 (55.6%) 5(7.4%) 4(23.5%)
BCLC stage 0.026 < 0.001
0/A 69 (58%) 34 (42%) 59(86.8) 4(23.5%)
B/C 50 (42%) 47 (58%) 9(13.2%) 13(76.5%)
Microvascular invasion 0.185 0.143
No 80 (67.2%) 47 (58%) 52(76.5%) 10(58.8%)
Yes 39 (32.8%) 34 (42%) 16(23.5%) 7(41.2%)
Cirrhosis 0.827 0.499
No 34 (28.6%) 22 (27.2%) 26(38.2%) 5(29.4%)
Yes 85 (71.4%) 59 (72.9%) 42(61.8%) 12(70.6%)
PVTT 0.006 0.042
No 109 (91.6%) 63 (77.8%) 62(91.2%) 13(76.5%)
Yes 10 (8.4%) 18 (22.2%) 6(8.8%) 4(23.5%)
Tumor number 0.521 < 0.001
Single 83 (69.7%) 53 (65.4%) 63(92.6%) 8(47.1%)
Multiple 36 (30.3%) 28 (34.6%) 5(7.4%) 9(52.9%)
Histopathological type 0.661 0.092
Poorly differentiation 22 (18.5%) 17 (21%) 6(8.8%) 4(23.5%)
Medium-high differentiation 97 (81.5%) 64 (79%) 62(91.2%) 13(76.5%)
Postoperative
adjuvant therapy

0.584 0.896

No 87 (73.1%) 62 (76.5%) 53 (77.9%) 13 (76.5%)
Yes 32 (26.9%) 19 (23.5%) 15 (22.1%) 4 (23.5%)
Dead < 0.001 < 0.001
No 92(77.3%) 22(27.2%) 56(82.4%) 2(11.8%)
Yes 27(22.7%) 59(72.8%) 12(17.6%) 15(88.2%)
Recurrence < 0.001 < 0.001
No 72(60.5%) 20(24.7%) 48(70.6%) 0(0%)
Yes 47(39.5%) 61(75.3%) 20(29.4%) 17(100%)
Abbreviations: LTIN, Liver function-tumor burden-inflammation-nutrition; HCC, Hepatocellular carcinoma; HBV, Hepatitis B Virus; AFP, Alpha-fetoprotein; CEA, 
Carcinoembryonic antigen; BCLC, Barcelona Clinic Liver Cancer; PVTT, Portal vein tumor thrombus
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Fig. 5  Prognostic implications of the LTIN score. Kaplan-Meier curves of OS (A) and RFS (B) for patients in the low-and high-risk groups according to the 
LTIN score in the training set. Kaplan-Meier curves of OS (C) and RFS (D) for patients in the low-and high-risk groups according to the LTIN score in the 
validation set. Comparison of the predictive performance of LTIN score and 8 biomarkers in the training set (E) and validation set (F). The ROC curves 
for predicting OS at 1-, 2-, and 3 years in the training set (G) and the validation set (H). Abbreviations: LTIN, Liver function-tumor burden-inflammation-
nutrition; OS, Overall survival; RFS, Recurrence-free survival; ROC, Receiver operating characteristic; TBS, Tumor burden score; ALBI, Albumin bilirubin; 
PNI, Prognostic nutritional index; SII, Systemic immune inflammation index; NLR, Neutrophil to lymphocyte ratio; PLR, Platelet to lymphocyte ratio; PII, 
Prognostic inflammatory index; LMR, Lymphocyte to monocyte ratio; AUC, Area under the curve
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inflammation level, and nutritional status all contribute 
to determining prognosis in individuals diagnosed with 
HCC via various mechanisms. This investigation aimed to 
develop a reliable prognostic indicator called LTIN score 
specifically tailored for post-hepatectomy HCC patients. 
Our findings indicated that individuals with lower LTIN 
scores experienced significantly improved OS and RFS 
compared to those with higher LTIN scores. Moreover, 
high LTIN scores were identified as an independent risk 
factor influencing clinical outcomes among HCC patients 
treated surgically. After conducting a thorough compari-
son, it was found that LTIN exhibited superior prognostic 
capabilities compared to the other indicators, TNM stag-
ing system, and BCLC staging system. To the best of our 
knowledge, this retrospective study stands out as the pio-
neering effort in identifying the predictive significance of 
LTIN score among HCC patients who underwent radical 
hepatectomy.

Based on LASSO regression analysis, LTIN scores 
were developed by considering four indicators: ALBI, 
TBS, PNI, and PII. This scoring system offers a com-
prehensive assessment of liver function, tumor burden, 

inflammation, and nutritional status. Previous research 
consistently demonstrated a significant correlation 
between these four markers and the prognosis of HCC 
following surgery. High LTIN scores are typically linked 
to lymphopenia, hypoproteinemia, increased bilirubin 
levels, a higher number of tumors, and greater maxi-
mum tumor diameter, indicating high tumor burden and 
inflammatory response, as well as impaired liver func-
tion and poor nutritional status. Bilirubin and albumin 
are commonly utilized to assess liver function in HCC 
patients. HCC often impairs liver function, disrupt-
ing the normal metabolism and excretion of bilirubin, 
which in turn raises total bilirubin levels. Hypoalbumin-
emia can weaken the systemic immune system, thereby 
promoting tumor cell proliferation [6]. The ALBI grade 
is a new tool for evaluating liver function that has been 
linked to malnutrition and poor prognosis in HCC 
patients [24–26]. Tumor size and quantity are impor-
tant staging criteria that strongly influence survival out-
comes for individuals with malignant tumors. The TBS 
integrates tumor size and number, and research suggests 
it has good predictive value for the prognosis of HCC 

Table 4  Univariate and multivariate analyses of the prognosis for HCC after radical resection in the training set
RFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

Characteristics HR
(95% CI)

P value HR
(95% CI)

P value HR
(95% CI)

P value HR
(95% CI)

P value

Age
≥ 65 vs.<65

1.222
(0.813–1.835)

0.335 1.131(0.716–1.786) 0.597

Sex
(Male vs. Female)

1.174
(0.699–1.974)

0.544 1.077
(0.597–1.945)

0.804

Child-Pugh grade
(A vs. B-C)

2.041
(1.380–3.019)

< 0.001 1.267
(0.840–1.911)

0.259 2.686
(1.749–4.125)

< 0.001 1.459
(0.932–2.283)

0.098

BCLC Stage
(0-A vs. B-C)

1.377
(0.941–2.017)

0.100 1.392
(0.910–2.129)

0.127

Tumor number
(Single vs. Multiple)

1.209
(0.812-1.800)

0.351 1.039
(0.661–1.634)

0.867

Microvascular invasion
(Negative vs. Positive)

1.440
(0.976–2.125)

0.066 1.541
(1.004–2.365)

0.048 1.573
(1.016–2.436)

0.042

AFP, ng/ml
≥ 20 vs.<20

1.137
(0.775–1.668)

0.511 1.124
(0.733–1.725)

0.591

CEA, ng/mL
≥ 5 vs.<5

1.039
(0.541–1.998)

0.908 1.211
(0.606–2.422)

0.588

Histopathological type
(Low vs. Medium-high)

0.805
(0.509–1.271)

0.352 0.800
(0.483–1.324)

0.385

Cirrhosis
(No vs. Yes)

0.793
(0.525–1.198)

0.271 0.981
(0.610–1.576)

0.936

PVTT
(No vs. Yes)

1.457
(0.840–2.562)

0.181 1.677
(0.941–2.990)

0.079

HBV infection
(No vs. Yes)

1.035
(0.587–1.826)

0.906 1.019
(0.539–1.925)

0.954

LTIN
(High vs. Low risk)

8.420
(5.303–13.368)

< 0.001 7.932
(4.923–12.779)

< 0.001 15.470
(8.614–27.282)

< 0.001 14.313
(7.771–26.363)

< 0.001

Abbreviations: HCC, Hepatocellular carcinoma; RFS, Recurrence-free survival; OS, Overall survival; HR, Hazard ratio; CI, Confidence interval; HBV, Hepatitis B 
virus; BCLC, Barcelona Clinic Liver Cancer; AFP, Alpha-fetoprotein; CEA, Carcinoembryonic antigen; PVTT, Portal vein tumor thrombus; LTIN, Liver function-tumor 
burden-inflammation-nutrition
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patients who undergo hepatic artery chemoemboliza-
tion, radical resection, or liver transplantation [27–29]. 
Compared to tumor size and number alone, TBS has 
demonstrated greater efficacy in predicting postopera-
tive outcomes for HCC patients [30]. Systemic inflam-
mation is closely associated with the growth, invasion, 
and spread of malignant tumors [31–33]. The PII, which 
includes neutrophil count, monocyte count, and lympho-
cyte count, provides a more comprehensive reflection of 
tumor inflammation levels compared to NLR and LMR. 
Furthermore, most liver cancers develop in chronically 
inflamed cirrhotic livers which create an environment 
conducive to inflammation that supports tumor develop-
ment and progression [34–36]. Lymphocytes play a cru-
cial role in cell-mediated anti-tumor immune responses, 
which can inhibit tumor cell proliferation and metastasis. 
A low lymphocyte count weakens immune surveillance 
and is linked to unfavorable prognoses across various 
malignancies [37–39]. The PNI serves as an assessment 
tool for surgical patients’ nutritional status and immune 
function while also predicting surgical risks and evaluat-
ing prognosis. Numerous studies have demonstrated that 
the PNI can effectively reflect a patient’s nutritional sta-
tus and has significant prognostic value for HCC patients 
[40–42].

Previous studies have focused on the prediction of early 
postoperative recurrence (within 1 year) [43–45], while 
our model is designed to predict long-term outcomes, 
offering broader clinical applicability and addressing a 
critical gap in the literature. This study insightfully inte-
grated four representative and clinically accessible indi-
ces (ALBI grade, TBS, PNI, and PII) to develop a novel 
prognostic model. These indices provided valuable infor-
mation regarding systemic inflammation, nutritional 
status, and liver function, all of which play pivotal roles 
in tumor progression and patient prognosis. Moreover, 
these metrics are cost-effective and readily available from 
routine preoperative examinations, significantly reducing 
the economic burden on patients compared to models 
that rely on postoperative pathological or genetic test-
ing. Our study highlights the role of inflammation and 
immune-related indicators, which are increasingly rec-
ognized as key determinants of cancer prognosis. With 
the rapid development of tumor immunology, immune-
based and cell-based therapies are gaining prominence in 
the treatment of solid tumors [46, 47], and our findings 
underscore the potential significance of integrating such 
factors into prognostic models.

Our research is subject to certain limitations that 
should be acknowledged. Firstly, the sample size was lim-
ited, and all participants were from China. To validate our 
findings, it is necessary to conduct large-scale prospec-
tive studies involving multiple centers. Secondly, being a 
retrospective study, there is a possibility of selective bias. 

Lastly, despite efforts made to minimize confounding fac-
tors, it may not be possible to completely eliminate the 
influence of individual differences on the test indicators.

Conclusion
Our findings indicated that the preoperative LTIN score 
has significant potential as a reliable predictor of OS and 
RFS for HCC patients underwent radical surgery. The 
LTIN score could further effectively guide treatment 
decisions and optimize follow-up strategies to enhance 
patients prognosis.
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