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Prognostic Performance of Ten 
Liver Function Models in Patients 
with Hepatocellular Carcinoma 
Undergoing Radiofrequency 
Ablation
Shu-Yein Ho1,3, Po-Hong Liu   3,6, Chia-Yang Hsu3,7, Yi-You Chiou2,3, Chien-Wei Su1,3,  
Yun-Hsuan Lee3, Yi-Hsiang Huang   1,3,4, Fa-Yauh Lee1,3, Ming-Chih Hou1,3 & Teh-Ia Huo   1,3,5

Liver functional capacity is a crucial survival determinant for hepatocellular carcinoma (HCC). 
Noninvasive models were proposed to assess hepatic reserve, but their performance in outcome 
prediction is unclear. We aimed to investigate 10 currently used liver function models in HCC patients 
undergoing radiofrequency ablation (RFA). A total 499 HCC patients were prospectively identified. 
Homogeneity and corrected Akaike information criteria (AICc) were compared. Cox proportional 
hazards model was used to identify independent survival predictors. Significance survival differences 
were found across 10 noninvasive models (all p < 0.001) except for GUCI and APRI grade 2 vs 3, and 
King’s score grade 1 vs 2. Among these models, ALBI grade showed the highest homogeneity and 
lowest AICs value, indicating a better prognostic performance. Within Child-Turcotte-Pugh (CTP) score 
5 group, significant survival difference was demonstrated between ALBI grade 1 and 2 (p < 0.001); for 
those with CTP score 6 or higher, only ALBI grade 2 and 3 showed survival difference (p < 0.001). Cox 
analysis disclosed that ALBI grade, tumor size and performance status were independent prognostic 
predictors. There was significant correlation between CTP score and other 9 models. We conclude that 
ALBI grade may serve as objective and feasible surrogate for prognostic prediction in HCC patients 
undergoing RFA.

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, accounting for nearly 
782,500 new cases and 745,500 deaths worldwide during 20121. Despite improved diagnostic and therapeutic 
efforts, the mortality from HCC is increasing2. Hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infec-
tion and alcohol consumption are well-established major risk factors for HCC3,4. According to HCC manage-
ment guidelines endorsed by the American Association for the Study of Liver Diseases (AASLD) and European 
Association for the Study of the Liver (EASL), the major treatment options for HCC are surgical resection, liver 
transplantation, local ablative therapies such as percutaneous ethanol injection and radiofrequency ablation 
(RFA), transarterial chemoembolization and targeted therapy5,6. For early stage HCC, surgical resection and liver 
transplantation are considered cornerstone of curative treatments. Among local ablative therapies, RFA is usually 
the treatment of choice for small HCC and may provide 5-year survival rates up to 50–70%7.

The prognosis and management of HCC depend on tumor burden, performance status and patient’s liver 
function8, the last usually being characterized by the Child-Turcotte-Pugh (CTP) classification. CTP classification 
has been incorporated into most HCC staging systems including Barcelona Clinic Liver Cancer (BCLC) system, 
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the Cancer of Liver Italian Program (CLIP) score and Japan Integrated staging (JIS) to assess the severity of liver 
dysfunction9. However, CTP classification has several drawbacks including arbitrary use of cutoff values, the same 
weighted risk among different parameters, and subjective assessment of ascites and hepatic encephalopathy10,11.

HCC patients may present from chronic hepatitis with normal liver function to early or advanced liver cir-
rhosis accompanied by hepatic decompensation12. Liver biopsy is the gold standard to assess liver fibrosis but is 
associated with complications such as pain, bleeding, bile duct injury, or penetration of abdominal viscera. Also, 
sampling errors and inter-observer variation may decrease its reliability13. Recently, various noninvasive liver 
function models were proposed to assess the severity of hepatic injury14. The albumin-bilirubin (ALBI) grade, 
based solely on serum albumin and bilirubin level15–17, and platelet-albumin-bilirubin (PALBI) grade, which 
include serum albumin, bilirubin and platelet count, are useful markers of liver reserve in HCC16. The model for 
end-stage liver disease (MELD) which is based on serum bilirubin, creatinine and prothrombin, is also used to 
assess liver dysfunction in HCC18–20. Alternative tools to evaluate liver functions are fibrosis index based on 4 fac-
tors (FIB-4) and aspartate aminotransferase-to- platelet ratio (APRI)21–26; these models comprise clinical param-
eters such as age and serum biochemistry. Other models, including Lok index14,27, cirrhosis discriminant index 
(CDS)28, King’s score29,30, and Göteborg University Cirrhosis Index (GUCI)31, are also used; these models can 
be readily calculated from clinical variables such as age, serum aspartate aminotransferase, alanine aminotrans-
ferase, international normalized ratio of prothrombin (INR) and platelet count. To date, at least ten noninvasive 
liver function models have been used to define the severity of hepatic dysfunction. However, the performance of 
these models to predict the prognosis of HCC is unclear. This study aimed to compare these ten models in out-
come prediction for HCC patients undergoing RFA.

Methods
Patients.  Patients with a confirmed diagnosed of HCC and admitted to Taipei Veterans General Hospital dur-
ing the period from 2002 to 2013 were prospectively identified and retrospectively analyzed. A total 499 patients 
who received RFA as the primary treatment were enrolled. Comprehensively baseline information, including 
patient’s demographics, etiology of liver disease, performance status, tumoral status, serum biochemistry, non-
invasive liver reserve models and grading, were recorded at the times of diagnosis. Patients were followed every 
3–6 months until death or dropout from follow-up. This study was approved by the Institutional Review Broad 
at Taipei Veterans General Hospital and complies with the standards of the Declaration of Helsinki and cur-
rent ethical guidelines. Waiver of consent was obtained, and patient records/information was anonymized and 
de-identified prior to analysis.

Diagnosis and definition.  The diagnosis of HCC was histologically confirmed by needle biopsy or based 
on the findings of typical radiological features in at least two imaging examinations including sonography, 
contrast-enhanced dynamic computed tomography (CT), magnetic resonance imaging (MRI), and hepatic 
arterial angiography32.The performance status was assessed by using the Eastern Cooperative Oncology Group 
Performance scaling ranging from 0 (asymptomatic) to 4 (confined to bed). HBV-related HCC was defined as 
seropositive for hepatitis B surface antigen (HBsAg), seronegative for anti-HCV antibody and no history of alco-
holism. Patients who were seropositive for anti-HCV antibody, seronegative for HBsAg and without history of 
alcoholism were classified as HCV-related HCC. Dual HBV- and HCV-related HCC was defined as seropositive 
for HBsAg and anti-HCV antibody. Total tumor volume (TTV) was calculated as the sum of all tumor nodule 
volumes, and each tumor volume was calculated as 4/3 × 3.14 × (maximum radius of the tumor in cm)3, as previ-
ously described33.The ten liver function models were calculated according to their original formula, and grading 
of severity was classified according to the score distribution15,16,19,21,26,28,29,31. Regarding about the severity of grad-
ing system, grade 1 represents the best liver function and grade 3 indicates the worst liver function.

Treatment.  The newly diagnosed HCC patients at Taipei Veterans General Hospital were discussed in multi-
disciplinary meetings that included hepatologists, oncologists, surgeons, pathologists and radiologists for the 
diagnosis and treatment strategy. The criteria for RFA included (1) early stage HCC (single tumor ≤5 cm in 
diameter, or tumor number ≤3, maximum diameter of each ≤3 cm), (2) no extrahepatic metastasis or major 
vascular invasion, (4) platelet count greater than 50,000/mm3, and (5) refusal of surgical treatment. Therapeutic 
information including benefits and risks was provided to individual patient based on shared decision-making. 
Written informed consent was obtained prior to initiation of treatment.

RFA was performed according to the standard procedure34. Under ultrasound guidance, the tumor(s) 
was ablated by using a 17-gauge, cooled-tip electrode with the Cool-Tip Radiofrequency System (Radionics, 
Burlington, MA, USA). The ablation was performed in automatic impedance control mode in which the current 
output was automatically adjusted. Post-RFA sonography was performed immediately to confirm that there was 
no definite hemorrhage or hematoma.

Statistics.  The Chi-square test and two-tailed Fisher’s exact test were used for categorical data, and Mann–
Whitney U test was used to compare continuous variables. Missing values were handled by multiple imputation 
while a complete case was used as benchmark analysis35. Data are expressed as the mean ± standard deviation 
(SD) and median with interquartile range. The overall survival was estimated by the Kaplan-Meier method and 
compared by log-rank test. Factors possibly associated with survival, including age, sex, etiology of liver disease, 
severity of liver cirrhosis, size and number of tumor nodules, serum biochemistry, performance status, and non-
invasive liver reserve models were analyzed. Factors that were significant in the univariate survival analysis were 
introduced into the multivariate Cox proportional hazards model to determine the adjusted hazard ratios (HR) 
and 95% confidence intervals (CI)36.
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The discriminatory ability of different liver function models to predict survival was examined by using the Cox 
proportional hazards model, and the consequences of the Cox model were expressed with the corrected Akaike 
information criterion (AICc), which reveals how the model affects the dependent variable (patient survival) and 
represents an overall assessment of the model37,38. The lower the AIC, the more explanatory and informative the 
model is39. We also analyzed correlation of CTP scores and other 9 noninvasive liver function models. Statistical 
significance levels were determined by two-tailed tests. A p value < 0.05 was considered statistically significant. 
All statistical analyses were conducted using the SPSS for Windows version 21 release (SPSS Inc., Chicago, IL, 
USA).

Results
Between 2002 and 2013, a total 499 patients who received RFA were enrolled. As shown in Table 1, the median 
age was 67 years and the majority of patients were male (65%). The etiology of HCC was hepatitis B in 183 (37%), 
hepatitis C 160 (32%), dual hepatitis B and C in 19 (4%), alcoholism in 81 (16%) and others in 75 (15%). A total of 
143 (29%) patients had diabetes mellitus, 446 (89%) patients had performance status 0 to 1, and 69 (14%) patients 
had presence of ascites at the time of diagnosis. Three hundred and eighty-four (77%) patients had a single tumor 
at presentation and 206 (41%) patients had maximum tumor diameter <2 cm. The calculation formula and sever-
ity of grading of the 10 models are described in Table 2.

Variables Patients (n = 499)

Age (years, median [interquartile range]) 67 [58–76]

Male, n (%) 326 (65)

Etiologies of liver disease

 HBV, n (%) 183 (37)

 HCV, n (%) 160 (32)

 HBV + HCV, n (%) 19 (4)

 Alcohol, n (%) 81 (16)

 Others, n (%) 75 (15)
aDiabetes mellitus, n (%) 143 (29)

Performance status (0/1/2-3), n (%) 370/76/53 (74/15/11)

Ascites, n (%) 69 (14)

Alpha-fetoprotein(ng/ml, median, [interquartile range]) 18.24 [6.93–67.67]

Laboratory values (mean ± SD)

 Alanine aminotransferase (IU/L) 64.47 ± 55.04

 Aspartate aminotransferase (IU/L) 64.46 ± 52.88

 aAlkaline phosphatase (IU/L) 107.97 ± 78.85

 Albumin (g/dl) 3.75 ± 0.6

 Total bilirubin (mg/dl) 1.08 ± 1.06

 Creatinine (mg/dl) 1.184 ± 1.154

 Platelets (1,000/μL) 125.54 ± 62.13

 INR of prothrombin time 1.09 ± 0.14

Non-invasive liver function models

 ALBI grade (1/2/3), n (%) 209/261/29 (42/52/6)

 APRI grade (1/2/3), n (%) 122/205/172(24/41/35)

 CTP classification (A/B/C), n (%) 413/76/10 (83/15/2)

 CDS grade (1/2/3), n (%) 78/320/101 (16/64/20)

 FIB-4 grade (1/2/3), n (%) 37/138/324 (7/28/65)

 GUCI grade (1/2/3), n (%) 119/199/181 (24/30/46)

 Lok index grade (1/2/3), n (%) 204/196/99 (41/39/20)

 MELD score (1/2/3), n (%) 217/197/85 (43/40/17)

 PALBI grade (1/2/3), n (%) 273/157/69 (55/31/14)

 King’s score (1/2/3), n (%) 31/112/356 (6/22/72)

Tumor nodules (1/2/ ≥ 3), n (%) 384/79/36 (77/16/7)

Maximal tumor diameter (≤2/2-3/>3 cm), n (%) 206/172/121 (41/35/24)

TTV (ml, median, [interquartile range]) 7.24 [2.57–16.25]

Table 1.  Baseline characteristics of patients of hepatocellular carcinoma undergoing radiofrequency ablation 
(RFA). ALBI, Albumin-bilirubin; APRI, Aspartate transaminase-to-Platelet ratio; CDS, Cirrhosis discriminant 
index; CTP, Child-Turcotte-Pugh score; FIB-4, Fibrosis-4 score; HBV, hepatitis B virus; HCV, hepatitis C 
virus; MELD, Model for End-stage liver disease; GUCI, Göteborg University Cirrhosis Index; PALBI, platelet-
albumin-bilirubin; TTV, total tumor volume; SD, standard deviation; aMissing of data of DM and alkaline 
phosphatase were 3 (0.6%) and 28 (5.6%) patients, respectively.
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Among possible predictors of survival, there were 28 (5.6%) patients who did not have baseline value of serum 
alkaline phosphatase (alk-P). Logistic regression on missing data indicators using completely observed variables 
as covariates was implemented. The statistical output obtained from multiple imputation was similar to statistical 
output from a complete case analysis in which patients with missing data were omitted. Pooled results by multiple 
imputation were reported in this study.

The median and mean follow-up period was 47 months and 42 months, respectively. The overall survival rate 
at 1-year, 3-year and 5-year were 90.4%, 68.5% and 53.5%. The survival distributions according to ALBI, PALBI, 

Noninvasive liver function models Formula

ALBI, Grade 1/2/3 (<−2.6/−2.6- ≤ −1.39 />−1.39) (log(Bilirubin[μmol/L]) × 0.66) − (Albumin[g/L] × 0.085)

APRI, Grade 1/2/3 (<0.5/0.5–1.5/> 1.5) AST (/UNL)/platelet (109/L) × 100

CTP, A/B/C (5-6/7–9/10–15)
Encephalopathy: none = 1, grade 1 or 2 = 2, grade 3 or 4 = 3 Ascites: none = 1, mild to moderate = 2, 
severe = 3 Bilirubin(mg/dl): <2 = 1, 2-3 = 2, >3 = 3 Albumin(g/dl): >3.5 = 1, 2.8–3.5 = 2, <2.8 = 3 
PTsec (INR): <4(1.7) = 1, 4–6(1.7–2.3) = 2, >6(>2.3) = 3

CDS, Grade 1/2/3(<4/4–7/>7)
Platelet count (×109/L): >340 = 0; 280–339 = 1; 220–279 = 2; 160–219 = 3; 100–159 = 4; 40–99 = 5; 
<40 = 6 ALT/AST ratio: >1.7 = 0; 1.2–1.7 = 1; 0.6–1.19 = 2; <0.6 = 3 INR: <1.1 = 0; 1.1–1.4 = 1; 
>1.4 = 2 CDS is the sum of the above (possible value 0–11)

FIB-4 index, Grade 1/2/3 (<1.45/1.45–3.25/>3.25) Age × AST/[Platelet × (ALT)1/2]

GUCI, Grade 1/2/3 (<0.5/0.5–1.56/>1.56) AST/TOPNORMAL AST × INR ×100/(Platelets × 109)

Lok index, Grade 1/2/3 (<0.5/0.5–0.8/>0.8) Lok Index = e(LogOddsLok)/(1 + e(LogOddsLok)) Log Odds Lok = (1.26 × AST/ALT) + (5.27 × INR) - 
(0.0089 × Platelets × 109) − 5.56

MELD, Grade 1/2/3 (<8/8–12/>12) 10 × ((0.957 × ln(Creatinine)) + (0.378 × ln(Bilirubin)) + (1.12 × ln(INR))) + 6.43

PABLI, Grade1/2/3 (≤−2.53, −2.53 and ≤ −2.09, >−2.09) 2.02 × log10 bilirubin [umol/L] − 0.37 × (log10 bilirubin)2 − 0.04 × albumin[g/L] − 3.48 × log10 
platelets[× 109/L] + 1.01 × (log10 platelets[× 109/L])

King’s score Grade 1/2/3 (<7.6/7.6–16.7/>16.7) Age × AST × INR/[platelets (x109/L)]

Table 2.  Formula and grading of noninvasive liver function models. ALBI, Albumin-bilirubin; APRI, Aspartate 
transaminase-to-Platelet ratio; CDS, Cirrhosis discriminant index; CTP, Child-Turcotte-Pugh score; FIB-4, 
Fibrosis-4 score; FCI, Fibrosis-cirrhosis index; FI, fibrosis index; HBV, hepatitis B virus; HCV, hepatitis C 
virus; MELD, Model for End-stage liver disease; GUCI, Göteborg University Cirrhosis Index; PALBI, platelet-
albumin-bilirubin; SD, standard deviation.

Figure 1.  Comparison of survival distribution according to (A) ALBI, (B) PALBI, (C) GUCI, (D) CTP, and  
(E) MELD grading. Significant survival differences are found in all 5 models.



www.nature.com/scientificreports/

5SCIeNTIFIC REPOrTS |  (2018) 8:843  | DOI:10.1038/s41598-018-19251-y

GUCI, CTP, MELD, CDS, APRI, FIB-4, Lok-index and King’s score are shown in Figs 1 and 2. Significant survival 
differences were found across all strata in each liver function model except for GUCI grade 2 vs 3 (p = 0.469), 
APRI grade 2 vs 3 (p = 0.081) and King’s score grade 1 vs 2 (p = 0.058).

The prognostic performance of the ten liver function models was compared. Of these models, ALBI grade has 
the highest homogeneity and lowest AIC value, followed by CDS and MELD (Table 3). The prognostic role of the 
ALBI score was analyzed along with other clinically important prognostic predictors. In univariate survival anal-
ysis, presence of ascites, aspartate aminotransferase, alkaline phosphatase, international normalized ratio (INR) 
of prothrombin time (PT), serum platelet count, serum AFP level, tumor size, total tumor volume, performance 
status and ALBI grade were the factors associated with prognosis (Table 4; all p values < 0.05). Cox multivariate 
analysis revealed that tumor size >2 cm (hazard ratio [HR]: 1.635, 95% confidence interval [CI]: 1.269–2.106, 
p < 0.001), poor performance status (HR: 1.788, 95% CI: 1.349–2.369, p < 0.001), ALBI grade 2 (HR: 2.352, 95% 
CI: 1.786–3.098, p < 0.001) and grade 3 (HR: 4.720, 95% CI: 2.905–7.669, p < 0.001) were independent predictors 

Figure 2.  Comparison of survival distributions according to (A) CDS, (B) APRI, (C) FIB-4 index, (D) Lok 
index, and (E) King’s score grading. Significant survival differences are found in all 5 models.

Homogeneity (Wald χ2)
Corrected Akaike 
information criteria (AIC)

ALBI 66.396 3068.159

APRI 25.093 3109.462

CTP 37.245 3097.310

CDS 39.791 3094.764

FIB-4 34.862 3099.693

GUCI 20.585 3113.970

Lok index 39.098 3095.457

MELD 39.644 3094.911

PALBI 38.437 3096.117

King’s score 32.170 3102.385

Table 3.  Comparison of prognostic performance of noninvasive liver function models for radiofrequency 
ablation.
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associated with a decreased survival. The correlation between CTP score and other 9 liver function models was 
further investigated. The scores of the 9 models increased with increasing CTP scores, suggesting a worsened liver 
functional reserve (Table 5).

Liver function was further evaluated as stratified by the ALBI grade. For patients with CTP score 5, 198 (67%) 
were ALBI grade 1 and 98 (33%) were ALBI grade 2; significant survival difference was found between ALBI 
grade 1 vs 2 (p < 0.001, Fig. 3A). For patients with CTP score 6 or more, 10 (5%) were ALBI grade 1, 162 (80%) 
were grade 2 and 29 (15%) were grade 3; significant survival differences were identified between ALBI grade 1 vs 
3 and between grade 2 vs 3 (both p < 0.05, Fig. 3B).

Discussion
Liver function plays an important role in treatment and prognosis of HCC5. CTP classification is traditionally 
utilized as a surrogate model to represent liver dysfunction in HCC patients, but various new models are pro-
posed and being used nowadays. In this study, we recruited a large, well-documented, and adequately followed-up 

Overall survival Number

Univariate analysis Multivariate analysis

HR CI p HR CI p

Age (<65/≥65 years) 227/272 1.324 1.043–1.681 0.021

Sex (male/female) 326/173 0.836 0.647–1.055 0.126

HBsAg (negative/positive) 262/237 0.767 0.606–0.970 0.027

Anti-HCV (negative/positive) 296/203 1.083 0.855–1.372 0.510

Alcoholism (no/yes) 418/81 1.126 0.816–1.554 0.471
aDM (no/yes) 353/143 1.188 0.922–1.530 0.183

Ascites (absent/present) 430/69 1.966 1.442–2.679 <0.001

Creatinine (<1/≥ 1 mg/dL) 266/233 1.347 1.066–1.703 0.013

ALT (≦40/>40 IU/L) 203/296 1.145 0.899–1.460 0.273

AST (≦40/>40 IU/L) 199/300 1.643 1.281–2.108 <0.001
aAlk-P (<100/≥ 100 IU/L) 260/211 1.606 1.261–2.046 <0.001

INR of PT (<1/≥1) 127/372 1.753 1.315–2.336 <0.001

Platelet (≥150,000/<150,000/μL) 147/352 1.763 1.325–2.346 <0.001

Alpha-fetoprotein (<20/≥ 20 ng/mL) 259/240 1.4631 1.156–1.850 0.002

Tumor nodules (single/multiple) 384/115 1.235 0.945–1.614 0.123

Tumor size (≦2 cm/>2 cm) 206/293 1.541 1.206–1.968 0.001 1.635 1.269–2.106 <0.001

TTV (≦50 ml/>50 ml) 472/27 1.653 1.024–2.668 0.040

Performance status (0/1–3) 370/129 2.309 1.780–2.996 <0.001 1.788 1.349–2.369 <0.001

Albumin-Bilirubin

 Grade 1 209 1 1

 Grade 2 261 2.306 1.779–2.989 <0.001 2.352 1.786–3.098 <0.001

 Grade 3 29 5.685 3.580–8.941 <0.001 4.720 2.905–7.669 <0.001

Table 4.  Univariate and multivariate survival analysis in patients with hepatocellular carcinoma undergoing 
RFA cohort. aMissing of data of DM and alkaline phosphatase were 3 (0.6%) and 28 (5.6%) patients, 
respectively. Pooled results by multiple amputation were here. ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; Alk-P, alkaline phosphatase; CI, confidence interval; DM, diabetes mellitus; HbsAg, 
hepatitis B surface antigen; HCV, hepatitis C virus; HR, hazard ratio; INR, international normalized ratio; PT, 
prothrombin time.

CTP score

Score 5 6 7 >=8 p

ALBI (Mean ± SD) −2.76 ± 0.32 −2.14 ± 0.33 −1.83 ± 0.34 −1.31 ± 0.36 <0.001

APRI (Mean ± SD) 1.08 ± 1.13 2.21 ± 2.17 2.36 ± 2.22 3.51 ± 4.06 <0.001

CDS (Mean ± SD) 5.53 ± 1.34 6.76 ± 1.46 7.33 ± 1.21 7.76 ± 1.73 <0.001

FIB-4 (Mean ± SD) 4.13 ± 3.34 7.87 ± 7.24 8.07 ± 5.16 10.49 ± 7.57 <0.001

GUCI (Mean ± SD) 1.15 ± 1.29 2.45 ± 2.46 2.86 ± 2.72 5.01 ± 6.77 <0.001

Lok index (Mean ± SD) 0.47 ± 0.20 0.66 ± 0.20 0.76 ± 0.18 0.83 ± 0.20 <0.001

MELD (Mean ± SD) 8.65 ± 2.90 9.40 ± 3.11 10.56 ± 2.57 14.41 ± 3.79 <0.001

PALBI (Mean ± SD) −2.71 ± 0.25 −2.42 ± 0.30 −2.20 ± 0.28 −1.73 ± 0.27 <0.001

King’s score (Mean ± SD) 34.54 ± 39.30 72.21 ± 68.05 80.80 ± 79.89 134.58 ± 179.17 <0.001

Table 5.  Comparison of different liver function models according to the CTP score.
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HCC cohort. Possible prognostic predictors were examined and up to ten noninvasive liver function models were 
evaluated. Our results disclose that tumor status, underlying hepatic reserve and performance status are the key 
prognostic predictors. We also show that among the ten noninvasive models, ALBI grade is the best model to 
assess the severity of liver dysfunction in terms of outcome prediction for HCC patients undergoing RFA; these 
data confirm the ability of the predictive accuracy of ALBI grade for HCC.

The prognostic performance of the ten noninvasive models was analyzed and reveals that that ALBI, CDS and 
MELD are the three most accurate prognostic models to distinguish liver function. Of these models, ALBI grade 
has the greatest homogeneity of survival among patients within the same stage, suggesting it is a more feasible 
tool for prognostic prediction. In multivariate Cox analysis, patients with ALBI grade 2 had 2.3-fold and ALBI 
grade 3 had 4.7-fold increased risk of mortality as compared with those of ALBI grade 1. In additional to ALBI 
grade, we demonstrate that tumor size was closely related to the survival of HCC patients. Moreover, in accord-
ance with previous studies40, the performance status, measured by Eastern Cooperative Oncology Group scale, 
was identified as an important predictor for survival. Taken together, the performance status, the severity of liver 
dysfunction and tumor burden are the hallmarks of prognostic predictors.

The CTP, MELD and ALBI are designed to assess the severity of liver dysfunction in HCC. A major disadvan-
tage of CTP score is its arbitrarily defined, pre-determined cutoff points; the interpretation of ascites and degree 
of encephalopathy are also subjective10. Although the CTP classification has been traditionally used for decades, 
in this study, its AIC value was greater than the ALBI grade, suggesting the prognostic power of CTP is inferior to 
ALBI and some other models. Additionally, some HCC patients are not cirrhotic at the time of diagnosis15. The 
MELD score is an alternative tool used to measure liver reserve. However, serum creatinine is one of the compo-
nents of MELD and this score may be less reliable in HCC patients because cancer-related cachexia might not be 
adequately reflected. Compared to these commonly used models, ALBI is a less subjective and widely validated 
prognostic model for HCC15–17.

Although APRI, FIB-4 index and King’s score were used to assess the severity of liver fibrosis, previously 
studies demonstrated that these three models have been evaluated as prognostic models for HCC24,30,41. Of par-
ticular interest, APRI and FIB-4 may predict recurrence of HCC. These two models were likely to associate with 
hepatocarcinogenesis which may account for the relation between liver fibrosis and recurrence23,24,42,43. Notably, 
other liver function models (CDS, GUCI and Lok index) have never been validated to assess the severity of liver 
dysfunction in HCC patients. Alternatively, the more recently proposed PALBI grade appears as an “updated” 
version of the ALBI; however, its usefulness cannot be confirmed in HCC patients undergoing RFA and requires 
more studies to establish.

The performance of ALBI grade within the same CTP score was investigated in this study. A clear advantage 
of the ALBI grade over CTP classification is that ALBI is equally applicable to HCC patients with minimal or no 
cirrhosis. In patients with CTP score 5, there were two distinct prognostic groups. This result implies that not all 
CTP class A patients are the same. In addition, for those with CTP scores >5, three different prognostic groups 
can be demonstrated by the ALBI grades. These results further display the feasibility of the ALBI grade in prog-
nostic prediction for HCC.

The ALBI grade, based solely on serum albumin and total bilirubin, shows a better prognostic performance 
among the 10 models in this study. Therefore, the ALBI grade may be considered to integrate into the current 
HCC staging systems to further refine their prognostic power. A potential weakness of the ALBI score is that it 
could be influenced by albumin replacement therapy or the presence of obstructive jaundice when in some cases 
HCC may present with obstructive jaundice, and thus might not accurately reflect true liver functional reserve 
at all times.

This study has some limitations. First, the results are based on HCC patients undergoing RFA. The general-
ization of this study may be limited in patients receiving other therapeutic options. Second, this single-center 

Figure 3.  The ALBI grade is capable to classify CTP score 5 patients into two prognostic groups (ALBI grade 1 
and grade 2, p < 0.001) and CTP score ≧6 into three prognostic groups (p < 0.001).
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study was performed in an area where HBV infection is prevalent; therefore, external or cross validation may be 
required to justify the reproducibility from other study groups. Third, as a tertiary medical center, the referral bias 
cannot be completely avoided.

In conclusion, our results show that the ALBI grade is the best prognostic tool among the 10 currently used 
noninvasive liver function models. The ALBI grade is a simple, more objective, and evidenced-based discrimi-
natory model to represent liver reserve. Also, it is more clinically feasible because of improved prognostic power, 
especially in patients with minimal liver dysfunction. Incorporation of the ALBI model in different HCC staging 
systems needs further studies to clarify.

References
	 1.	 Torre, L. A. et al. Global cancer statistics, 2012. CA: a Cancer Journal for Clinicians 65, 87–108, https://doi.org/10.3322/caac.21262 

(2015).
	 2.	 Jemal, A., Siegel, R., Xu, J. & Ward, E. Cancer Statistics, 2010. CA: a Cancer Journal for Clinicians 60, 277–300, https://doi.

org/10.3322/caac.20073 (2010).
	 3.	 Mittal, S. & El-Serag, H. B. Epidemiology of hepatocellular carcinoma: consider the population. J Clin Gastroenterol 47(Suppl), S2–6, 

https://doi.org/10.1097/MCG.0b013e3182872f29 (2013).
	 4.	 Park, J. W. et al. Global patterns of hepatocellular carcinoma management from diagnosis to death: the BRIDGE Study. Liver Int 35, 

2155–2166, https://doi.org/10.1111/liv.12818 (2015).
	 5.	 EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol 56, 908–943, https://doi.

org/10.1016/j.jhep.2011.12.001 (2012).
	 6.	 Bruix, J. & Sherman, M. Management of hepatocellular carcinoma: an update. Hepatology 53, 1020–1022, https://doi.org/10.1002/

hep.24199 (2011).
	 7.	 Forner, A., Llovet, J. M. & Bruix, J. Hepatocellular carcinoma. Lancet 379, 1245–1255, https://doi.org/10.1016/s0140-6736(11)61347-

0 (2012).
	 8.	 Bruix, J., Reig, M. & Sherman, M. Evidence-Based Diagnosis, Staging, and Treatment of Patients With Hepatocellular Carcinoma. 

Gastroenterology 150, 835–853, https://doi.org/10.1053/j.gastro.2015.12.041 (2016).
	 9.	 Llovet, J. M., Bru, C. & Bruix, J. Prognosis of hepatocellular carcinoma: the BCLC staging classification. Semin Liver Dis 19, 329–338, 

https://doi.org/10.1055/s-2007-1007122 (1999).
	10.	 Durand, F. & Valla, D. Assessment of prognosis of cirrhosis. Semin Liver Dis 28, 110–122, https://doi.org/10.1055/s-2008-1040325 

(2008).
	11.	 Child, C. G. & Turcotte, J. G. Surgery and portal hypertension. Major Problems in Clinical Surgery 1, 1–85 (1964).
	12.	 Johnson, P. J. & Williams, R. Cirrhosis and the aetiology of hepatocellular carcinoma. J Hepatol 4, 140–147 (1987).
	13.	 Bedossa, P. Assessment of hepatitis C: non-invasive fibrosis markers and/or liver biopsy. Liver Int 29(Suppl 1), 19–22, https://doi.

org/10.1111/j.1478-3231.2008.01940.x (2009).
	14.	 Castera, L. Noninvasive methods to assess liver disease in patients with hepatitis B or C. Gastroenterology 142, 1293–1302.e1294, 

https://doi.org/10.1053/j.gastro.2012.02.017 (2012).
	15.	 Johnson, P. J. et al. Assessment of liver function in patients with hepatocellular carcinoma: a new evidence-based approach-the ALBI 

grade. J Clin Oncol 33, 550–558, https://doi.org/10.1200/jco.2014.57.9151 (2015).
	16.	 Liu, P. H. et al. ALBI and PALBI grade predict survival for HCC across treatment modalities and BCLC stages in the MELD era. J 

Gastroenterol Hepatol, https://doi.org/10.1111/jgh.13608 (2016).
	17.	 Hiraoka, A. et al. Usefulness of albumin-bilirubin grade for evaluation of prognosis of 2584 Japanese patients with hepatocellular 

carcinoma. J Gastroenterol Hepatol 31, 1031–1036, https://doi.org/10.1111/jgh.13250 (2016).
	18.	 Botta, F. et al. MELD scoring system is useful for predicting prognosis in patients with liver cirrhosis and is correlated with residual 

liver function: a European study. Gut 52, 134–139 (2003).
	19.	 Huo, T. I. et al. Proposal of a modified Cancer of the Liver Italian Program staging system based on the model for end-stage liver 

disease for patients with hepatocellular carcinoma undergoing loco-regional therapy. Am J Gastroenterol 101, 975–982, https://doi.
org/10.1111/j.1572-0241.2006.00462.x (2006).

	20.	 Huo, T. I., Lee, S. D. & Lin, H. C. Selecting an optimal prognostic system for liver cirrhosis: the model for end-stage liver disease and 
beyond. Liver Int 28, 606–613, https://doi.org/10.1111/j.1478-3231.2008.01727.x (2008).

	21.	 Wai, C. T. et al. A simple noninvasive index can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. 
Hepatology 38, 518–526, https://doi.org/10.1053/jhep.2003.50346 (2003).

	22.	 Paik, N. et al. Non-invasive tests for liver disease severity and the hepatocellular carcinoma risk in chronic hepatitis B patients with 
low-level viremia. Liver Int, https://doi.org/10.1111/liv.13489 (in press 2017).

	23.	 Hung, H. H. et al. Fibrosis and AST to platelet ratio index predict post-operative prognosis for solitary small hepatitis B-related 
hepatocellular carcinoma. Hepatol Int 4, 691–699, https://doi.org/10.1007/s12072-010-9213-3 (2010).

	24.	 Kao, W. Y. et al. Risk factors for long-term prognosis in hepatocellular carcinoma after radiofrequency ablation therapy: the clinical 
implication of aspartate aminotransferase-platelet ratio index. Eur J Gastroenterol Hepatol 23, 528–536, https://doi.org/10.1097/
MEG.0b013e328346d529 (2011).

	25.	 Kim, B. K. et al. Validation of FIB-4 and comparison with other simple noninvasive indices for predicting liver fibrosis and cirrhosis 
in hepatitis B virus-infected patients. Liver Int 30, 546–553, https://doi.org/10.1111/j.1478-3231.2009.02192.x (2010).

	26.	 Vallet-Pichard, A. et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and 
fibrotest. Hepatology 46, 32–36, https://doi.org/10.1002/hep.21669 (2007).

	27.	 Lok, A. S. et al. Predicting cirrhosis in patients with hepatitis C based on standard laboratory tests: results of the HALT-C cohort. 
Hepatology 42, 282–292, https://doi.org/10.1002/hep.20772 (2005).

	28.	 Bonacini, M., Hadi, G., Govindarajan, S. & Lindsay, K. L. Utility of a discriminant score for diagnosing advanced fibrosis or cirrhosis 
in patients with chronic hepatitis C virus infection. Am J Gastroenterol 92, 1302–1304 (1997).

	29.	 Cross, T. J. et al. King’s Score: an accurate marker of cirrhosis in chronic hepatitis C. Eur J Gastroenterol Hepatol 21, 730–738, https://
doi.org/10.1097/MEG.0b013e32830dfcb3 (2009).

	30.	 Pinato, D. J. et al. The Kings Score refines prognostic prediction in hepatocellular carcinoma: a novel application. Liver Int 35, 
2458–2465, https://doi.org/10.1111/liv.12841 (2015).

	31.	 Westin, J. et al. A non-invasive fibrosis score predicts treatment outcome in chronic hepatitis C virus infection. Scand J Gastroenterol 
43, 73–80 (2008).

	32.	 Bruix, J. et al. Clinical management of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference. J Hepatol 35, 
421–430 (2001).

	33.	 Hsu, C. Y. et al. A new prognostic model for hepatocellular carcinoma based on total tumor volume: the Taipei Integrated Scoring 
System. J Hepatol 53, 108–117, https://doi.org/10.1016/j.jhep.2010.01.038 (2010).

	34.	 Fontana, R. J. et al. Percutaneous radiofrequency thermal ablation of hepatocellular carcinoma: a safe and effective bridge to liver 
transplantation. Liver Transpl 8, 1165–1174, https://doi.org/10.1053/jlts.2002.36394 (2002).

http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.3322/caac.20073
http://dx.doi.org/10.3322/caac.20073
http://dx.doi.org/10.1097/MCG.0b013e3182872f29
http://dx.doi.org/10.1111/liv.12818
http://dx.doi.org/10.1016/j.jhep.2011.12.001
http://dx.doi.org/10.1016/j.jhep.2011.12.001
http://dx.doi.org/10.1002/hep.24199
http://dx.doi.org/10.1002/hep.24199
http://dx.doi.org/10.1016/s0140-6736(11)61347-0
http://dx.doi.org/10.1016/s0140-6736(11)61347-0
http://dx.doi.org/10.1053/j.gastro.2015.12.041
http://dx.doi.org/10.1055/s-2007-1007122
http://dx.doi.org/10.1055/s-2008-1040325
http://dx.doi.org/10.1111/j.1478-3231.2008.01940.x
http://dx.doi.org/10.1111/j.1478-3231.2008.01940.x
http://dx.doi.org/10.1053/j.gastro.2012.02.017
http://dx.doi.org/10.1200/jco.2014.57.9151
http://dx.doi.org/10.1111/jgh.13608
http://dx.doi.org/10.1111/jgh.13250
http://dx.doi.org/10.1111/j.1572-0241.2006.00462.x
http://dx.doi.org/10.1111/j.1572-0241.2006.00462.x
http://dx.doi.org/10.1111/j.1478-3231.2008.01727.x
http://dx.doi.org/10.1053/jhep.2003.50346
http://dx.doi.org/10.1111/liv.13489
http://dx.doi.org/10.1007/s12072-010-9213-3
http://dx.doi.org/10.1097/MEG.0b013e328346d529
http://dx.doi.org/10.1097/MEG.0b013e328346d529
http://dx.doi.org/10.1111/j.1478-3231.2009.02192.x
http://dx.doi.org/10.1002/hep.21669
http://dx.doi.org/10.1002/hep.20772
http://dx.doi.org/10.1097/MEG.0b013e32830dfcb3
http://dx.doi.org/10.1097/MEG.0b013e32830dfcb3
http://dx.doi.org/10.1111/liv.12841
http://dx.doi.org/10.1016/j.jhep.2010.01.038
http://dx.doi.org/10.1053/jlts.2002.36394


www.nature.com/scientificreports/

9SCIeNTIFIC REPOrTS |  (2018) 8:843  | DOI:10.1038/s41598-018-19251-y

	35.	 Ibrahim, J. G., Chu, H. & Chen, M. H. Missing data in clinical studies: issues and methods. J Clin Oncol 30, 3297–3303, https://doi.
org/10.1200/jco.2011.38.7589 (2012).

	36.	 Bradburn, M. J., Clark, T. G., Love, S. B. & Altman, D. G. Survival analysis part II: multivariate data analysis–an introduction to 
concepts and methods. Br J Cancer 89, 431–436, https://doi.org/10.1038/sj.bjc.6601119 (2003).

	37.	 Hosmer, D. W., Hosmer, T., Le Cessie, S. & Lemeshow, S. A comparison of goodness-of-fit tests for the logistic regression model. Stat 
Med 16, 965–980 (1997).

	38.	 Feinstein, A. R. Clinical biostatistics. XVI. The process of prognostic stratification. 2. Clin Pharmacol Ther 13, 609–624 (1972).
	39.	 Forster, M. R. Key Concepts in model selection: performance and generalizability. J Math Psychol 44, 205–231, https://doi.

org/10.1006/jmps.1999.1284 (2000).
	40.	 Hsu, C. Y. et al. Performance status in patients with hepatocellular carcinoma: determinants, prognostic impact, and ability to 

improve the Barcelona Clinic Liver Cancer system. Hepatology 57, 112–119, https://doi.org/10.1002/hep.25950 (2013).
	41.	 Okamura, Y. et al. The FIB-4 index is a significant prognostic factor in patients with non-B non-C hepatocellular carcinoma after 

curative surgery. Langenbeck’s Arch Surg 401, 195–203, https://doi.org/10.1007/s00423-016-1389-0 (2016).
	42.	 Tamaki, N. et al. Non-invasive prediction of hepatocellular carcinoma development using serum fibrosis marker in chronic hepatitis 

C patients. J Gastroenterol 49, 1495–1503, https://doi.org/10.1007/s00535-013-0914-y (2014).
	43.	 Ito, T. et al. Utility of the FIB-4 Index for hepatocarcinogenesis in hepatitis C virus carriers with normal alanine aminotransferase 

levels. J Viral Hepat 22, 777–783, https://doi.org/10.1111/jvh.12389 (2015).

Acknowledgements
This study was supported by the grant from the Center of Excellence for Cancer Research at Taipei Veterans 
General Hospital (MOHW106-TDU-B-211-144-003), Taiwan, and grants from Taipei Veterans General Hospital 
(V105A-011, V106C-021, V107A-008), Taipei, Taiwan.

Author Contributions
S.-Y. Ho, P.-H. Liu, C.-Y. Hsu and T.-I. Huo performed the research. Y.-H. Lee, C.-W. Su, Y.-H. Huang and Y.-Y. 
Chiou collected and analyzed the data. S.-Y. Ho, P.-H. Liu and T.-I. Huo designed the research study and wrote 
the paper. M.-C. Hou and F.-Y. Lee contributed to the design of the study. All authors approved the final version 
of the manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1200/jco.2011.38.7589
http://dx.doi.org/10.1200/jco.2011.38.7589
http://dx.doi.org/10.1038/sj.bjc.6601119
http://dx.doi.org/10.1006/jmps.1999.1284
http://dx.doi.org/10.1006/jmps.1999.1284
http://dx.doi.org/10.1002/hep.25950
http://dx.doi.org/10.1007/s00423-016-1389-0
http://dx.doi.org/10.1007/s00535-013-0914-y
http://dx.doi.org/10.1111/jvh.12389
http://creativecommons.org/licenses/by/4.0/

	Prognostic Performance of Ten Liver Function Models in Patients with Hepatocellular Carcinoma Undergoing Radiofrequency Abl ...
	Methods

	Patients. 
	Diagnosis and definition. 
	Treatment. 
	Statistics. 

	Results

	Discussion

	Acknowledgements

	Figure 1 Comparison of survival distribution according to (A) ALBI, (B) PALBI, (C) GUCI, (D) CTP, and (E) MELD grading.
	Figure 2 Comparison of survival distributions according to (A) CDS, (B) APRI, (C) FIB-4 index, (D) Lok index, and (E) King’s score grading.
	Figure 3 The ALBI grade is capable to classify CTP score 5 patients into two prognostic groups (ALBI grade 1 and grade 2, p < 0.
	Table 1 Baseline characteristics of patients of hepatocellular carcinoma undergoing radiofrequency ablation (RFA).
	Table 2 Formula and grading of noninvasive liver function models.
	Table 3 Comparison of prognostic performance of noninvasive liver function models for radiofrequency ablation.
	Table 4 Univariate and multivariate survival analysis in patients with hepatocellular carcinoma undergoing RFA cohort.
	Table 5 Comparison of different liver function models according to the CTP score.




