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Introduction

Hepatocellular carcinoma (HCC) is a major 
global health burden and the third leading cause of 
cancer-related death in Thailand [1]. As with other 
malignancies, clinical staging systems are essential for 
guiding treatment decisions and prognostication [2]. 
However, HCC survival is influenced by multiple factors 
beyond tumor burden, including liver function [3, 4], 
underlying disease etiology [5-8], access to screening 
programs [9, 10], physical performance status [11], tumor 
biology [12] and treatment modality [13-16].  

While many prognostic models exist, many have 
limitations. The American Joint Committee on Cancer 
(AJCC) TNM system focuses solely on tumor characteristic 
[2]. Others models such as the Okuda system[17] , Japan 
Integrated Staging (JIS) score [18], Cancer of the Liver 
Italian Program (CLIP) [19] and Model to Estimate 
Survival in Ambulatory HCC Patients (MESIAH) [20] 

Abstract

Background: Hepatocellular carcinoma (HCC) is a heterogeneous disease, in which survival is influenced by various 
factors beyond tumor characteristics. Although many prognostic models have been developed, they often have limitations, 
and the models do not include data from Thai patients. This study aimed to develop and internally validate a prognostic 
scoring system (SPR-HCC) using routinely available clinical and laboratory parameters. Methods: This retrospective 
cohort study analyzed 484 HCC patients diagnosed between October 2018 and April 2023 at a Thai tertiary center. 
Clinical, laboratory, and treatment data were extracted from electronic records. Independent mortality predictors were 
identified via multivariable Cox regression. Model performance was evaluated using Harrell’s C-statistic, calibration 
plots, bootstrap resampling, and decision curve analysis. Results: Among 484 patients, 399 (82.4%) had died. The 
median overall survival (mOS) was 4.73 months (95% CI: 3.68–6.51). Eight independent predictors were identified: 
ECOG performance status, Child-Pugh class, tumor size >5 cm, bone metastasis, ALP >120 IU/L, AFP ≥400 ng/mL, 
PLR ≥150, and treatment aim. The final SPR-HCC model demonstrated strong discrimination (C-statistic = 0.797) and 
good calibration. Patients were stratified into low- (0–5 points), intermediate- (5.5–9.5 points), and high-risk (≥10 points) 
groups, with corresponding mOS of 29.12, 6.24, and 1.51 months (log-rank p < 0.001). Bootstrap validation showed 
minimal optimism (0.0000442) and a shrinkage factor of 0.9995. DCA indicated net clinical benefit across a threshold 
probability range of 0.15–0.60, with optimal benefit between 0.25–0.45. Conclusions: The model demonstrated good 
performance in stratifying patients into three risk groups with significantly different survival. This scoring system may 
be applied to clinical decision-making by providing risk group stratification for HCC patients.

Keywords: Hepatocellular carcinoma- prognostic models- survival analysis- Cox Proportional Hazards Models

RESEARCH ARTICLE

Development and Internal Validation of the SPR-HCC 
Score System: A Prognostic Tool for Survival Prediction in 
Hepatocellular Carcinoma in a Resource-Limited Setting

incorporate liver function or cirrhosis severity but 
often exclude  physical performance status, a strong 
predictor of survival. The Barcelona Clinic Liver Cancer 
(BCLC) staging system considers both tumor and patient 
characteristics and serves as a treatment guideline, but it 
was not primarily designed for prognostication [21, 22]. 
Accurate survival prediction remains challenging due to 
the clinical heterogeneity of HCC, its complex etiologies, 
and differences in healthcare resources between high- and 
low-income settings. To address this gap, the present study 
aims to develop the HCC Survival Scoring system—a 
prognostic tool intended to estimate survival at diagnosis 
and support personalized treatment planning.

Materials and Methods

Study design and data collection
This retrospective cohort study was conducted within 

the medical oncology unit of Sawanpracharak Hospital, 
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Thailand, following approval from the institutional 
Human Research Ethics Committee (certificate approval 
no. 24/2567). The study included patients diagnosed 
with HCC (ICD-O-C22) between October 2018 and 
April 2023. Patient through the hospital’s cancer registry. 
Sawanpracharak Hospital is a tertiary care center serving 
the lower northern region of Thailand. HCC diagnoses 
were confirmed either pathology proven or by imaging 
criteria using radiographic evidence by multi-phase 
computed tomography (CT) or magnetic resonance 
imaging (MRI) demonstrating characteristic features as 
defined by the American Association for the Study of Liver 
Diseases (AASLD) guidelines [23].

Data were extracted from electronic medical 
records, encompassing demographics, clinical features, 
comorbidities, hepatitis serology, laboratory results, 
diagnosis date, cancer stage, and treatment details. 
Liver function was assessed using the Child-Pugh 
(CP) score, incorporating serum albumin, bilirubin, 
international normalized ratio (INR), ascites, and hepatic 
encephalopathy. Patients were classified into CP-A (5–6 
points), CP-B (7–9 points), and CP-C (10–15 points). 
Date of death was ascertained from the Thailand Civil 
Registration data bases. Overall survival was defined as 
the interval between diagnosis and either death or the date 
of a comprehensive survival census date of Mar 31, 2025 
based on the National Registry of Deaths. 

Statistical analysis
The required sample size for developing was calculated 

using pmsampsize, based on the criteria proposed by Riley 
et al. [24].  Assigning an event rate of 0.8, considering 
8 potential predictors, and a targeting C-statistic of 0.8, 
the estimated a total sample size of 351 individuals with 
281 events.

Continuous data were presented as mean ± standard 
deviation (SD) or median with interquartile range (IQR), 
depending on distribution, and compared using t-test or 
rank-sum test. Categorical variables were described as 
frequencies and percentages. Survival was analyzed using 
the Kaplan-Meier method, with the log-rank test used to 
identify prognostic factors. Variables with p < 0.1 were 
entered into a Cox proportional hazards regression model 
using backward elimination (Supplementary Table 1).

The final prediction model was constructed using 
the regression of selected predictors. Discriminative 
performance was evaluated using Harrell’s concordance 
index (C-index) and calibration was assessed using 
calibration plots to verify the accuracy of scoring system. 
Internal validation was performed using bootstrapping 
resampling to estimate optimism and shrinkage. Clinical 
utility was assessed using decision curve analysis (DCA). 
Analyses were conducted using STATA version 16 
(StataCorp LLC, College Station, TX, USA).

Results

A total of 484 patients with HCC were analyzed, of 
whom 399 (82.4%) had died. The median overall survival 
(mOS) was 4.73 months (95%CI:3.68 - 6.51). Deceased 
patients were more likely to be male (79.20% vs 67.06%, 

p = 0.022) and had significantly poorer performance status, 
with 76.94% having ECOG 0–2 compared to 98.8% 
among survivors (p < 0.001). Alcohol consumption was 
more frequent in deceased patients (39.45% vs. 25.88%, 
p = 0.019), while HCC detection through surveillance was 
more common among survivors (32.14% vs. 15.33%, p 
= 0.001). Viral etiology was not significantly associated 
with survival (p = 0.593). Survivors had better liver 
function, with a higher proportion classified as Child-
Pugh A (83.33% vs. 41.52%, p < 0.001). Symptoms such 
as weight loss, abdominal pain, jaundice, and ascites 
were significantly less common among survivors (all p < 
0.001). Tumor burden was lower in survivors, with smaller 
median tumor size (3.20 vs. 7.85 cm, p < 0.001), fewer 
multifocal liver lesions (31.76% vs. 71.68%, p < 0.001), 
and lower rates of main portal vein invasion (2.35% vs. 
35.43%, p < 0.001), lung metastasis (2.35% vs. 15.54%, p 
< 0.001), and tumor rupture (3.53% vs. 11.28%, p = 0.028). 
Laboratory profiles also more favorite in survivors, with 
significant lower levels of ALP, AFP, WBC, neutrophils, 
platelet counts, INR, NLR, and PLR (all p < 0.001), and 
higher hemoglobin (p= 0.001; the as Table 1). 

All candidate variables were initially entered into a 
multivariable regression analysis, yielding a c-statistic 
of 0.803. Multivariable Cox regression with stepwise 
selection identified ECOG 3–4 was associated with 
increased mortality (HR: 1.577; 95% CI: 1.166–2.134), 
as were Child-Pugh class B (HR: 1.604; 95% CI: 1.229–
2.092) and class C (HR: 2.987; 95% CI: 2.075–4.300) 
compared to class A. Tumor size >5 cm (HR: 1.684; 
95% CI: 1.288–2.201) and bone metastasis (HR: 1.738; 
95% CI: 1.021–2.960) also predicted worse survival. 
Laboratory markers including ALP >120 IU/L (HR: 
2.265; 95% CI: 1.721–2.980), AFP ≥400 ng/mL (HR: 
1.370; 95% CI: 1.067–1.757), and PLR ≥150 (HR: 1.476; 
95% CI: 1.167–1.867) were independent predictors of 
mortality in patients with HCC. These predictors were 
incorporated into the prognostic model with assigned 
scores summarized in Table 2. 

For risk stratification, total scores derived from the 
SPR-HCC model were used to categorize patients into 
three risk groups: low (0–5 points), intermediate (5.5–9.5 
points), and high (≥10 points). Kaplan-Meier survival 
curves showed significant separation among the groups 
(log-rank p < 0.001) as Figure 1. The low-risk group had 
a mOS of 29.12 months, compared to 6.24 months in the 
intermediate-risk group (HR: 4.03; 95% CI: 2.89–5.63; 
p < 0.001) and 1.51 months in the high-risk group (HR: 
14.25; 95% CI: 10.07–20.19; p < 0.001) the as Table 3. 

Model Performance and validation 
The final model demonstrated C-statistic of 0.797. The 

calibration curve demonstrated fine agreement between 
observed and predicted survival probabilities (Figure 2). 
The internal validation with bootstrap resampling showed 
yielded an optimism 0.0000442 and shrinkage factor was 
0.99950113.

Clinical use 
The DCA (Figure 3) demonstrated a net clinical 

benefit of the SPR-HCC scoring model across a threshold 
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Total Death Alive p-value

N Result N Result N Result

Male, % 484 77.07 316 79.2 57 67.06 0.022

Age-year, mean ± SD 484 61.33±10.19 399 61.42±10.28 85 60.92±9.78 0.686

BMI, median (IQR) 458 22.14 (20.10, 24.66) 373 22 (20.08, 24.22) 85 22.65 (20.19,25.78) 0.091

ECOG, % <0.001

     0-2 391 80.79 307 76.94 84 98.82

     3-4 93 19.21 92 23.06 1 1.18

Viral associated, % 0.593

     Non-viral 59 12.32 47 11.93 12 14.12

     HCV 141 29.44 112 28.43 29 34.12

     HBV 256 55.32 223 56.6 42 49.41

     HBV and HCV 14 2.92 12 3.05 2 2.35

Alcohol, % 179 37.06 157 39.45 22 25.88 0.019

Surveillance, % 88 18.26 61 15.33 27 32.14 0.001

Underlying disease, %

     HIV 8 1.66 5 1.26 3 3.53 0.151

     Diabetic mellitus 90 18.62 75 18.8 15 17.86 1

     IHD 9 1.86 8 2.01 1 1.18 1

     CVD 16 3.31 14 3.52 2 2.35 0.749

     Dyslipidemia 88 18.18 73 18.3 15 17.65 1

Child Pugh, % <0.001

     A 234 48.85 164 41.52 70 83.33

     B 268 35.07 154 38.99 14 16.67

     C 77 16.08 77 19.49 0 0

Weight loss, % 201 41.53 185 46.37 16 18.82 <0.001

Abdominal pain, % 258 53.31 230 57.63 28 32.94 <0.001

Jaundice, % 68 4.05 66 16.54 2 2.35 <0.001

Ascites, % 133 27.48 124 31.08 9 10.59 <0.001

GIB, % 53 10.95 45 11.28 8 9.41 0.705

Hepatomegaly 128 26.35 117 29.32 11 12.94 0.002

Main PV, % 143 29.61 141 35.43 2 2.35 <0.001

Rupture, % 48 9.92 45 11.28 3 3.53 0.028

Size-cm, median (IQR) 481 7 (3.5, 11.3) 396 7.85 (4.5, 11.9) 85 3.2 (1.9, 5.8) <0.001

Multifocal liver lesion, % 313 64.67 286 71.68 27 31.76 <0.001

Lung metastasis, % 64 13.22 62 15.54 2 2.35 <0.001

Peritoneal metastasis, % 8 1.65 7 1.75 1 1.18 1

Bone metastasis, % 18 3.72 18 4.51 0 0 0.053

BCLC, % <0.001

     0 4 0.83 1 0.25 3 3.53

    A 61 12.6 27 6.77 34 40

     B 147 30.37 104 26.07 43 50.59

     C 167 34.5 162 40.6 5 5.88

     D 105 21.69 105 26.32 0 0

Treatment, % <0.001

     Curative surgery 7 1.66 3 0.85 4 5.8

     RFA 37 8.77 14 3.97 23 33.33

     TACE 83 19.67 53 15.01 30 43.48

     Palliative TKI 6 1.42 6 1.7 - -

     Palliative CMT 34 8.06 31 8.78 3 4.35

     Palliative surgery 5 1.18 4 1.13 1 1.45

     Palliative radiation 4 0.95 4 1.13 - -

     Best supportive care  246 58.29 238 67.42 8 11.59

Total bilirubin (mg/dl), median (IQR) 480 1.2 (0.6, 2.3) 395 1.3 (0.7, 2.8) 85 0.8 (0.5, 1.3) <0.001

Table 1. Patient Characteristic 
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Total Death Alive p-value

N Result N Result N Result

Albumin (g/dl), median (IQR) 480 3.3 (2.8, 3.8) 395 3.2 (2.7, 3.7) 85 3.7 (3.2, 4.1) <0.001

ALP (IU/L), median (IQR) 480 157 (106, 238) 395 170 (115, 257) 85 110 (83, 143) <0.001

AFP (ng/ml), median (IQR) 443 408 (21, 6235) 361 842 (42, 11174) 81 29 (63, 371) <0.001

Hb (g/dl), median (IQR) 478 11.0 (9.6, 12.6) 394 10.9 (9.3, 12.3) 84 11.85 (10.3, 13.3) 0.001

WBC (mm3), median (IQR) 478 7660 (5320, 9760) 394 7960 (5600, 10260) 84 5910 (3970, 7785) <0.001

Neutrophil (mm3), median (IQR) 478 4955 (3010, 7140) 394 5375 (3250, 7700) 84 3360 (2145, 4900) <0.001

Lymphocyte (mm3), median (IQR) 478 1440 (1050, 1045) 394 1459 (1070, 3060) 84 1340 (995, 2060) 0.425

Platelet (x103), median (IQR) 478 230 (140, 459) 394 236 (146, 460) 84 178 (100, 391) 0.01

INR, median (IQR) 437 1.17 (1.07, 1.31) 360 1.19 (1.08, 1.34) 77 1.11 (1.03, 1.20) <0.001

NLR, median (IQR) 478 3.21 (1.89, 5.73) 394 3.55 (2.15, 6.00) 84 2.16 (1.38, 5.84) <0.001

PLR, median (IQR) 478 164.0 (92.4, 335.11) 394 172.4 (96.3, 343.4) 84 128.9 (72.3, 324.4) 0.036

GFR (mL/min/1.73 m²), median (IQR) 479 83.3 (63.4, 98.3) 394 83.4 (63.6, 98.5) 85 83 (63.4, 95.7) 0.927

Table 1. Continued

Figure 1. Kaplan Meier Survival According to Risk Group

Predictors HR 95% CI B Coefficient Assigned Score
ECOG3-4 1.577 1.166, 2.134 0.456 1.5
Child 
   A 0
   B 1.604 1.229, 2.092 0.472 1.5
   C 2.987 2.075, 4.300 1.094 3.5
Size >5 cm 1.684 1.288, 2.201 0.521 1.5
Bone metastasis 1.738 1.021, 2.960 0.553 2
AFP ≥400 1.37 1.067, 1.757 0.314 1
ALP >120 2.265 1.721, 2.980 0.818 2.5
PLR ≥150 1.476 1.167, 1.867 0.389 1
Palliative aim 3.657 2.630, 5.084 1.296 4

Table 2. Multivariable Cox Regression with Stepwise Selection and Assigned Scores (SPR-HCC Model) 

probability range of 0.15 to 0.60. The optimal threshold 
appears to lie between 0.25 and 0.45, where the model’s 
net benefit is highest compared to alternative strategies.

Discussion

This study developed and internally validated the 
SPR-HCC scoring system, a prognostic tool for HCC based 
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tumor, Bone metastasis, AFP, ALP, PLR and treatment 
aim. These variables reflect key aspects of tumor burden, 
liver function, systemic inflammation, and physical 
condition factors known to influence HCC prognosis. 
Notably, performance status, NLR, and PLR are often 
excluded from widely used models such as CLIP or JIS, 
despite their established prognostic significance. Their 
inclusion may enhance the model’s relevance in real-world 
applicability, especially in settings with limited access to 
advanced imaging or biomolecular profiling.

Several existing HCC prognostic models have 

on routinely available clinical and laboratory parameters. 
The model demonstrated good discriminatory ability 
(C-statistic = 0.797) and well calibration, effectively 
stratifying patients into three distinct risk groups with 
significantly different mOS (29.12, 6.24, and 1.51 months 
for low-, intermediate-, and high-risk, respectively; 
p < 0.001). These findings support its potential clinical 
utility for individualized survival prediction, applied to 
clinical-decision and prioritization management. 

The final model incorporated eight independent 
predictors: ECOG performance status, CP score, size of 

Figure 2. Calibration Plot between the Scoring Predicted Survival Probability and Observed Survival Probability

Figure 3. Decision Curve Analysis (DCA)

Risk groups stratified by core Subjects mOS (month) Hazard Ratio 95% CI p-value
Low risk (score 0-5) 116 29.12 ref
Intermediate risk (score 5.5-9.5) 103 6.24 4.03 2.890, 5.630 <0.001
High (risk score≥10.0) 154 1.51 14.25 10.070, 20.188 <0.001

Table 3. Overall Survival among by SPR-HCC Risk Groups 
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limitations. The TNM staging system, although standard 
in oncology, does not account for liver function and 
systemic health—both essential in HCC, where underlying 
cirrhosis is common [2]. The CLIP scoring-based on 
tumor burden, severity of cirrhosis and AFP levels- is 
widely used for intermediate-stage unresectable HCC 
and has shown superiority in discriminative performance 
(C-index 0.604) over TNM, Okuda, CP and ALBI [25, 
26]. However, it omits performance status (PS), a key 
prognostic factor and essential criterion in cancer clinical 
trials [26, 18]. The ALBI score, although objective 
and liver-specific, does not consider clinical signs like 
ascites or encephalopathy which are reflected in the CP 
classification and are prognostic relevant [4]. The widely 
used BCLC staging system was originally designed for 
treatment allocation rather than prognostic tool [27] 
and its prognostic precision diminishes in patients with 
heterogeneous liver function or borderline performance 
status [25]. Furthermore, many existing models were 
developed in high-income countries and may not reflect 
outcomes or care realities in resource-limited settings.

ECOG remains a cornerstone in assessing patient 
fitness and predicting survival across malignancies [28, 
29]. Tumor size at diagnosis, part of the AJCC TNM 
system, is associated with poorly differentiated histology 
[30], increased risk distant metastasis, [31] and higher  
mortality [32]. Although bone metastases are rare in HCC 
(~3.1%), they are also impair quality of life and linked 
to poorer survival outcomes [33, 34] consistent with the 
finding in this study.

AFP widely used for HCC screening and diagnosis 
in cirrhotic patients [35] also serves as prognostic value. 
Elevated AFP (≥400 ng/ml) has been associated with 
worse survival after hepatectomy [36, 37] and targeted 
therapy [38] and a prognostic value in HCC [39]. 
Similarly, ALP, a marker of cholestasis and biliary tract 
involvement, has been linked to recurrence and adverse 
prognosis in HCC [40, 41]. The CP score remains a 
validated measure of hepatic reserve and is essential for 
both prognosis and treatment stratification [42]. 

Inflammatory markers, including NLR and PLR have 
gained attention as prognostic tools across various cancers 
[43-46]. The role of proinflammatory cytokine and growth 
factors released by tumors and their microenvironment in 
promoting tumor development is well documented [47]. 
PLR, reflects platelet-driven tumor angiogenesis [48, 49] 
and both markers are considered significant contributors 
to tumor progression and have shown prognostic value in 
HCC [49, 45].  Patients receiving active HCC treatments 
demonstrated improved overall survival compared 
to those receiving palliative care.  These findings are 
supported by studies showing that that interventions such 
as RFA and TACE are associated with higher response 
rates and prolonged time to progression Additionally, 
novel systemic therapies have shown survival benefits 
in advanced-stage HCC [15, 16, 14]. Data from western 
population further support improved survival in the era 
of advanced treatments [39]. However, limited access 
to these therapies in low- and middle-income countries 
may hinder their clinical impact, highlighting the need 
for models tailored to such settings. 

In summary, SPR-HCC score offered a simple and 
accessible prognostic tool based on clinical and laboratory 
parameters at diagnosis, along with initial care goals. It 
captures key elements of tumor biology, liver function, 
and systemic inflammation. Another strength of this 
study is the use of a real-world data in a developing 
country, where healthcare resources, access screening, and 
treatment availability differ from high-income countries. 
Many existing models may not fully reflect the realities 
of resource-limited environments. The SPR-HCC model 
may be particularly valuable in such contexts. 

However, this study has some limitations. First, it was 
retrospective and based on data from a single center, which 
may limit external validity. Second, some variables such 
as liver stiffness were not available in all patients, possibly 
affecting staging accuracy. Third, external validation in 
other cohorts is essential before clinical implementation. 
Future prospective should focus on external validation 
of the SPR-HCC scoring across diverse populations, 
particularly multi-center Asian populations, to confirm 
its generalizability and clinical applicability.

Author Contribution Statement

Sunee Neesanun contributed to conceptualization, 
methodology, data curation, data analysis, and manuscript 
writing. Jayanton Patumanond contributed as a research 
advisor and provided data analysis  

Acknowledgements

The authors gratefully acknowledge all individuals 
and institutions who provided support and assistance in 
the completion of this research.

Funding statement
This research was funded by Sawanpracharak Medical 

Education Center.

The study was approved by the Institutional Review 
Board of Sawanpracharak Hospital (certificate approval 
no.24/2567)

Conflict of interest
The authors declare no conflicts of interest.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209–
49. https://doi.org/10.3322/caac.21660 

2. Park S, Choi S, Cho YA, Sinn DH, Kim JM, Park CK, et al. 
Evaluation of the American Joint Committee on Cancer 
(AJCC) 8th edition staging system for hepatocellular 
carcinoma in 1,008 patients with curative resection. Cancer 
Res Treat. 2020;52(4):1145–52. https://doi.org/10.4143/
crt.2020.208 

3. Bolondi L, Burroughs A, Dufour JF, Galle PR, Mazzaferro 
V, Piscaglia F, et al. Heterogeneity of patients with 
intermediate (BCLC B) hepatocellular carcinoma: 



Asian Pacific Journal of Cancer Prevention, Vol 27 2809

DOI:10.31557/APJCP.2026.27.8.2803
Developing the SPR-HCC Prognostic Tool

proposal for a subclassification to facilitate treatment 
decisions. Semin Liver Dis. 2012;32(4):348–59. https://doi.
org/10.1055/s-0032-1329906 

4. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, 
Reeves HL, et al. Assessment of liver function in patients 
with hepatocellular carcinoma: a new evidence-based 
approach—the ALBI grade. J Clin Oncol. 2015;33(6):550–8. 
https://doi.org/10.1200/JCO.2014.57.9151.

5. Yang Z, Leng K, Shi G. Causes of death among patients with 
hepatocellular carcinoma in the United States from 2000 
to 2018. Cancer Med. 2023;12(12):13076–85. https://doi.
org/10.1002/cam4.5986

6. Cabibbo G, Enea M, Attanasio M, Bruix J, Craxì A, Cammà 
C. A meta-analysis of survival rates of untreated patients 
in randomized clinical trials of hepatocellular carcinoma. 
Hepatology. 2010;51(4):1274–83. https://doi.org/10.1002/
hep.23485.

7. Bosch J, García-Pagán JC. Complications of cirrhosis. I. Portal 
hypertension. J Hepatol. 2000;32(1 Suppl):141–56. https://
doi.org/10.1016/S0168-8278(00)80422-5.

8. Sarveazad A, Agah S, Babahajian A, Amini N, Bahardoust M. 
Predictors of 5-year survival rate in hepatocellular carcinoma 
patients. J Res Med Sci. 2019;24:86. https://doi.org/10.4103/
jrms.JRMS_1017_18.

9. Kansagara D, Papak J, Pasha AS, O’Neil M, Freeman M, 
Relevo R, et al. Screening for hepatocellular carcinoma in 
chronic liver disease: a systematic review. Ann Intern Med. 
2014;161(4):261–9. https://doi.org/10.7326/M14-0558.

10. Zhang BH, Yang BH, Tang ZY. Randomized controlled trial 
of screening for hepatocellular carcinoma. J Cancer Res 
Clin Oncol. 2004;130(7):417–22. https://doi.org/10.1007/
s00432-004-0552-0.

11. Hsu CY, Lee YH, Hsia CY, Huang YH, Su CW, Lin HC, 
et al. Performance status in patients with hepatocellular 
carcinoma: determinants, prognostic impact, and ability 
to improve the Barcelona Clinic Liver Cancer system. 
Hepatology. 2013;57(1):112–9. https://doi.org/10.1002/
hep.25950.

12. Oweira H, Petrausch U, Helbling D, Schmidt J, Mehrabi 
A, Schöb O, et al. Prognostic value of site-specific 
extrahepatic disease in hepatocellular carcinoma: a SEER 
database analysis. Expert Rev Gastroenterol Hepatol. 
2017;11(7):695–701. https://doi.org/10.1080/17474124.2
017.1294485 

13. Liu PH, Lee YH, Hsu CY, Huang YH, Chiou YY, Lin 
HC, et al. Survival advantage of radiofrequency ablation 
over transarterial chemoembolization for patients with 
hepatocellular carcinoma and good performance status within 
the Milan criteria. Ann Surg Oncol. 2014;21(12):3835–43. 
https://doi.org/10.1245/s10434-014-3831-2. 

14. Wang BC, Kuang BH, Lin GH. Lenvatinib versus 
atezolizumab plus bevacizumab in the first-line treatment 
for unresectable hepatocellular carcinoma: a meta-analysis 
of real-world studies. Target Oncol. 2024;19(2):203–12. 
https://doi.org/10.1007/s11523-024-01035-2. 

15. Kuzuya T, Kawabe N, Ariga M, Ohno E, Funasaka K, 
Nagasaka M, Nakagawa Y, Miyahara R, Shibata T, Takahara 
T, et al. Clinical Outcomes of Cabozantinib in Patients 
Previously Treated with Atezolizumab/Bevacizumab for 
Advanced Hepatocellular Carcinoma—Importance of Good 
Liver Function and Good Performance Status. Cancers. 2023; 
15(11):2952. https://doi.org/10.3390/cancers15112952.

16. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, et al. 
Lenvatinib versus sorafenib in first-line treatment of patients 
with unresectable hepatocellular carcinoma: a randomised 
phase 3 non-inferiority trial. Lancet. 2018;391(10126):1163–
73. https://doi.org/10.1016/S0140-6736(18)30207-1.

17. Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki 
N, Hasegawa H, et al. Natural history of hepatocellular 
carcinoma and prognosis in relation to treatment: study 
of 850 patients. Cancer. 1985;56(4):918–28. https://
doi.org/10.1002/1097-0142(19850815)56:4<918::AID-
CNCR2820560437>3.0.CO;2-E. 

18. Kudo M, Chung H, Osaki Y. Prognostic staging system 
for hepatocellular carcinoma (CLIP score): its value 
and limitations, and a proposal for a new staging 
system, the Japan Integrated Staging Score (JIS score). J 
Gastroenterol. 2003;38(3):207–15. d https://doi.org/10.1007/
s005350300038 .

19. Llovet JM, Bruix J. Prospective validation of the Cancer of 
the Liver Italian Program (CLIP) score: a new prognostic 
system for patients with cirrhosis and hepatocellular 
carcinoma. Hepatology. 2000;32(3):679–80. https://doi.
org/10.1053/jhep.2000.16475.

20. Yang JD, Kim WR, Park KW, Chaiteerakij R, Kim 
B, Sanderson SO, et al. Model to estimate survival in 
ambulatory patients with hepatocellular carcinoma. 
Hepatology. 2012;56(2):614–21. https://doi.org/10.1002/
hep.25680.

21. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel 
M, Garcia-Criado A, et al. BCLC strategy for prognosis 
prediction and treatment recommendation: the 2022 update. 
J Hepatol. 2022;76(3):681–93.

22. Yu JH, Lee JW. Limitations of the Barcelona Clinic 
Liver Cancer staging treatment strategy in hepatocellular 
carcinoma patients with performance status 1. Ann Transl 
Med. 2020;8(17):1042. https://doi.org/10.21037/atm-20-
4316.

23. Lee YT, Wang JJ, Zhu Y, Agopian VG, Tseng HR, Yang 
JD. Diagnostic criteria and LI-RADS for hepatocellular 
carcinoma. Clin Liver Dis (Hoboken). 2021;17(6):409–13. 
https://doi.org/10.1002/cld.1075.

24. Riley RD, Snell KI, Ensor J, Burke DL, Harrell FE Jr, 
Moons KG, et al. Minimum sample size for developing a 
multivariable prediction model: PART II—binary and time-
to-event outcomes. Stat Med. 2019;38(7):1276–96. https://
doi.org/10.1002/sim.7992.

25. Li L, Li X, Li W, Ding X, Zhang Y, Chen J, et al. Prognostic 
models for outcome prediction in patients with advanced 
hepatocellular carcinoma treated by systemic therapy: a 
systematic review and critical appraisal. BMC Cancer. 
2022;22(1):750. https://doi.org/10.1186/s12885-022-
09841-5.

26. Calderon-Martinez E, Landazuri-Navas S, Vilchez E, 
Cantu-Hernandez R, Mosquera-Moscoso J, Encalada S, 
et al. Prognostic scores and survival rates by etiology 
of hepatocellular carcinoma: a review. J Clin Med Res. 
2023;15(4):200–7. https://doi.org/10.14740/jocmr4902.

27. Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular 
carcinoma: the BCLC staging classification. Semin 
L i v e r  D i s .  1 9 9 9 ; 1 9 ( 3 ) : 3 2 9 – 3 8 .  h t t p s : / / d o i .
org/10.1055/s-2007-1007122. 

28. Sehgal K, Gill RR, Widick P, Bindal P, McDonald DC, 
Shea M, et al. Association of performance status with 
survival in patients with advanced non-small cell lung 
cancer treated with pembrolizumab monotherapy. JAMA 
Netw Open. 2021;4(2):e2037120. https://doi.org/10.1001/
jamanetworkopen.2020.37120.

29. Assayag J, Kim C, Chu H, Webster J. Prognostic value 
of Eastern Cooperative Oncology Group performance 
status on overall survival among patients with metastatic 
prostate cancer: a systematic review and meta-analysis. 
Front Oncol. 2023;13:1194718. https://doi.org/10.3389/
fonc.2023.1194718.



Sunee Neesanun and Jayanton Patumanond

Asian Pacific Journal of Cancer Prevention, Vol 272810

30. Dai CY, Lin CY, Tsai PC, Lin PY, Yeh ML, Huang CF, et 
al. Impact of tumor size on the prognosis of hepatocellular 
carcinoma in patients who underwent liver resection. J Chin 
Med Assoc. 2018;81(2):155–63. https://doi.org/10.1016/j.
jcma.2017.06.018.

31. Yan B, Bai DS, Zhang C, Qian JJ, Jin SJ, Jiang GQ. 
Characteristics and risk differences of different tumor 
sizes on distant metastases of hepatocellular carcinoma: a 
retrospective cohort study in the SEER database. Int J Surg. 
2020;80:94–100. https://doi.org/10.1016/j.ijsu.2020.06.018. 

32. Wu G, Wu J, Wang B, Zhu X, Shi X, Ding Y. Importance 
of tumor size at diagnosis as a prognostic factor for 
hepatocellular carcinoma survival: a population-based 
study. Cancer Manag Res. 2018;10:4401–10. https://doi.
org/10.2147/CMAR.S177663.

33. Ozer M, Goksu SY, Lin RY, Ayasun R, Kahramangil D, 
Rogers SC, et al. Effects of clinical and tumor characteristics 
on survival in patients with hepatocellular carcinoma with 
bone metastasis. J Hepatocell Carcinoma. 2023;10:1129–41. 
https://doi.org/.2147/JHC.S417273.

34. Bhatia R, Ravulapati S, Befeler A, Dombrowski J, 
Gadani S, Poddar N. Hepatocellular carcinoma with 
bone metastases: incidence, prognostic significance, and 
management—single-center experience. J Gastrointest 
Cancer. 2017;48(4):321–5. https://doi.org/10.1007/s12029-
017-9998-6.

35. Tinkle CL, Haas-Kogan D. Hepatocellular carcinoma: natural 
history, current management, and emerging tools. Biologics. 
2012;6:207–19. https://doi.org/10.2147/BTT.S23907.

36. Chan MY, She WH, Dai WC, Tsang SHY, Chok KSH, 
Chan ACY, et al. Prognostic value of preoperative alpha-
fetoprotein level in patients receiving curative hepatectomy: 
an analysis of 1,182 patients in Hong Kong. Transl 
Gastroenterol Hepatol. 2019;4:52. https://doi.org/10.21037/
tgh.2019.06.07. 

37. Bai DS, Zhang C, Chen P, Jin SJ, Jiang GQ. Prognostic 
correlation of AFP level at diagnosis with pathological grade, 
progression, and survival of patients with hepatocellular 
carcinoma. Sci Rep. 2017;7(1):12870. https://doi.
org/10.1038/s41598-017-12834-1.

38. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et 
al. Efficacy and safety of sorafenib in patients in the Asia-
Pacific region with advanced hepatocellular carcinoma: a 
phase III randomised, double-blind, placebo-controlled trial. 
Lancet Oncol. 2009;10(1):25–34. https://doi.org/10.1016/
S1470-2045(08)70285-7.

39. Yilma M, Xu RH, Saxena V, Muzzin M, Tucker LY, Lee J, 
et al. Survival outcomes among patients with hepatocellular 
carcinoma in a large integrated US health system. JAMA 
Netw Open. 2024;7(9):e2435066. https://doi.org/10.1001/
jamanetworkopen.2024.35066.

40. Su K, Huang W, Li X, Xu K, Gu T, Liu Y, et al. Evaluation of 
lactate dehydrogenase and alkaline phosphatase as predictive 
biomarkers in the prognosis of hepatocellular carcinoma and 
development of a new nomogram. J Hepatocell Carcinoma. 
2023;10:69–79. https://doi.org/10.2147/JHC.S398632.

41. Huang CW, Wu TH, Hsu HY, Pan KT, Lee CW, Chong 
SW, et al. Reappraisal of the role of alkaline phosphatase 
in hepatocellular carcinoma. J Pers Med. 2022;12(4):518. 
https://doi.org/10.3390/jpm12040518.

42. Tsoris A, Marlar CA. Use of the Child-Pugh score in liver 
disease. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK542308/.

43. Kao SCH, Pavlakis N, Harvie R, Vardy JL, Boyer MJ, van 
Zandwijk N, et al. High blood neutrophil-to-lymphocyte ratio 
is an indicator of poor prognosis in malignant mesothelioma 

patients undergoing systemic therapy. Clin Cancer Res. 
2010;16(23):5805–13. https://doi.org/10.1158/1078-0432.
CCR-10-2245.

44. Chua W, Charles KA, Baracos VE, Clarke SJ. Neutrophil/
lymphocyte ratio predicts chemotherapy outcomes in 
patients with advanced colorectal cancer. Br J Cancer. 
2011;104(8):1288–95. https://doi.org/10.1038/bjc.2011.100. 

45. Zheng J, Cai J, Li H, Zeng K, He L, Fu H, et al. Neutrophil-
to-lymphocyte ratio and platelet-to-lymphocyte ratio as 
prognostic predictors for hepatocellular carcinoma patients 
with various treatments: a meta-analysis and systematic 
review. Cell Physiol Biochem. 2017;44(3):967–81. https://
doi.org/10.1159/000485396. 

46. Yang Y, Wang MC, Tian T, Huang J, Yuan SX, Liu L, et al. 
A high preoperative platelet–lymphocyte ratio is a negative 
predictor of survival after liver resection for hepatitis B 
virus-related hepatocellular carcinoma: a retrospective study. 
Front Oncol. 2020;10:576205. https://doi.org/10.3389/
fonc.2020.576205.

47. Proctor MJ, Morrison DS, Talwar D, Balmer SM, 
Fletcher CD, O’Reilly DSJ, et al. A comparison of 
inflammation-based prognostic scores in patients with 
cancer: a Glasgow Inflammation Outcome Study. Eur J 
Cancer. 2011;47(17):2633–41. https://doi.org/10.1016/j.
ejca.2011.03.028.

48. Klinger MHF, Jelkmann W. Role of blood platelets in infection 
and inflammation. J Interferon Cytokine Res. 2002;22(9):913–
22. https://doi.org/10.1089/10799900260286623.

49. Chan KS, Shelat VG. The role of platelet–lymphocyte 
ratio in hepatocellular carcinoma: a valuable prognostic 
marker. Transl Cancer Res. 2022;11(12):4231–4. https://
doi.org/10.21037/tcr-22-2343.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


