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Abstract: Patients with advanced hepatocellular carcinoma (HCC) are treated by immunotherapy
and/or targeted agents, such as sorafenib. Several single nucleotide polymorphisms (SNPs) and
clinical scores have been proposed as prognostic markers in HCC patients treated with sorafenib. This
study aimed to validate the prognostic values of these markers in a tertiary referral medical center.
Two independent cohorts (cohort-1 [n = 97] and cohort-2 [n = 60]) of advanced HCC patients treated
with sorafenib monotherapy were enrolled. Univariate followed by multivariate Cox proportional
hazard analysis identified Child–Pugh (CP) score (p < 0.001) and renal insufficiency during treatment
(p < 0.001) as independent predictors in cohort-1 patients. The same analytic method revealed ascites
(p = 0.000), CP score (p = 0.001), infection during treatment (p < 0.001), and ATP-binding cassette
subfamily G member 2 (ABCG2)-rs2231142 genotype (p = 0.003) as independent predictors in cohort-2
patients. ABCG2-rs2231142 genotype “CC” was associated with unfavorable overall survival in
sorafenib-treated HCC patients. In conclusion, the CP score and ABCG2-rs2231142 genotype served
as independent survival predictors for advanced HCC patients receiving sorafenib treatment.

Keywords: hepatocellular carcinoma; prognostic factor; albumin-bilirubin grade; Child–Pugh
score; genotypes

1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death
worldwide [1]. The development of HCC is closely related to the underlying chronic liver
diseases [2]. Alcohol abuse and chronic viral infections (hepatitis B and hepatitis C) are
among the major causative etiologies, although their proportional distribution varies across
regions and countries [2]. In Taiwan, during the period of 2003–2011, the age-standardized
incidence rate of HCC was 32.97 per 100,000 person-years [3]. A marked decrease in the
incidence rate was found in children (−16.6%) and young adults (−7.9%) during this
period, whereas only a mild reduction was found in the middle-aged group (−2%). This
decrease is largely attributed to the launch of a universal hepatitis B vaccination program.

The prognosis of patients with HCC is related to multiple factors. According to the
most widely used practice guidance by the American Association for the Study of Liver
Diseases, the number, size, and location of tumors, vascular invasion, distant metastasis,
hepatic functional reserve, and patient performance status are crucial in HCC staging and
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prognosis [4]. Child–Pugh (CP) classification is the most widely used prognostic tool to
assess liver function in HCC patients at present. This classification was originally developed
to select cirrhotic patients with portal hypertension for elective variceal surgery [5,6]. In
recent years, Johnson et al. developed a new HCC prognostic model, the albumin-bilirubin
(ALBI) grade, which is simpler in terms of calculation and is based on two objective
parameters: serum bilirubin levels and serum albumin levels [7]. It has been proposed that
ALBI grade analysis, as well as CP classification, for the determination of clinical outcomes
in HCC patients can be integrated into the Barcelona Clinic Liver Cancer (BCLC) system [8].

Sorafenib, a multityrosine kinase inhibitor, has become the first evidence-based sys-
temic treatment regimen for HCC other than systemic cytotoxic chemotherapy since 2007 [9].
It remained the only choice for over a decade until multiple treatment options emerged in
recent years. Of the newer systemic therapy regimens, the combination of atezolizumab
and bevacizumab is the most promising treatment [10]. In Taiwan, sorafenib use for unre-
sectable HCC has been financially supported by the National Health Insurance (NHI) since
2012 if HCC patients with Child–Pugh A have one of the following criteria: (1) extrahepatic
metastasis, (2) major vascular invasion, or (3) insufficient response after ≥3 consecutive
transcatheter arterial chemoembolizations (TACE). However, HCC patients are allowed to
use sorafenib if they cover the cost themselves.

Increasing evidence supports that single nucleotide polymorphisms (SNPs) serve
as prognostic markers in cancer progression. Previous studies reported that vascular
endothelial growth factor receptor 2 (VEGFR2) rs7692791, WW domain-containing ox-
idoreductase (WWOX) rs9926344, carbonic anhydrase IX (CA9) rs1048638, and DICER
rs1057035 polymorphisms were positively associated with poor prognosis in HCC pa-
tients [11–14]. Moreover, the SNPs of ATP-binding cassette subfamily B member 1 (ABCB1)
and ATP-binding cassette subfamily G member 2 (ABCG2) were also clinically relevant in
HCC progression [15–17]. Accordingly, in this study, we aimed to analyze the associations
between these SNPs and clinical variables, including the CP score and ALBI score/grade,
and survival in HCC patients treated with sorafenib.

2. Materials and Methods
2.1. Patients

From January 2015 to March 2018, 97 consecutive patients (cohort-1) with advanced
HCC treated by sorafenib monotherapy in Chang Gung Memorial Hospital, Linkou branch,
were enrolled. Patients received sorafenib at a target dose of 400 mg twice daily, and
dose reduction and interruption were allowed. When tumor progression was achieved,
sorafenib withdrawal and switching to other treatment modalities were allowed. All
clinical parameters were collected retrospectively from medical records, including age, sex,
alcohol history, tumor status, laboratory test prior to sorafenib treatment, previous and
subsequent anti-HCC treatment, and adverse events during sorafenib use (Table 1). In an
independent cohort (cohort-2), a total of 60 advanced HCC patients treated with sorafenib
monotherapy were enrolled from 2007 to 2017. HCC patients were treated in the Chang
Gung Memorial Hospital, Linkou and Keelung branches (from a different study group).
The clinical characteristics of the 60 patients (cohort-2) are shown in Table 1. Cohort-2
samples had blood samples retrievable from Serum Bank, Chang Gung Memorial Hospital.
Written informed consent was obtained from patients providing samples. The retrospective
study was approved by the Institutional Review Board of Chang Gung Memorial Hospital,
Linkou, Taiwan (IRB: 100–4426A3 and 104–168A3).

The diagnosis of HCC was made by dynamic computed tomography or dynamic mag-
netic resonance imaging. For tumors without a typical enhancing pattern by images, tissue
proof was acquired. The ALBI score was calculated as (0.66 × log10 bilirubin [µmol/L]) +
(–0.085) × albumin [g/L]), and the cutoff values of ALBI grades 1, 2, and 3 were ≤−2.60,
between −2.60 and −1.39, and >−1.39, respectively [7]. Sorafenib-related adverse events
were evaluated and graded according to Common Terminology Criteria for Adverse Events
version 3.0, and all adverse events were managed promptly.
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Table 1. Basic clinical data of cohort-1 (n = 97) and cohort-2 (n = 60) patients.

Clinical Parameters Cohort 1 (n = 97) Cohort 2 (n = 60) p Value

Gender, male, n (%) 82 (84.5%) 51 (85.0%) 0.9374
Age, years, mean ± SD 58.6 ± 10.6 58.1 ± 9.7 0.7834
ECOG status 0.9936

Status 0, n (%) 53 (54.6%) 34 (56.7%)
Status 1, n (%) 37 (38.1%) 23 (38.3%)
Status 2, n (%) 4 (4.1%) 2 (3.3%)

Status 3, n (%) 3 (3.1%) 1 (1.7%)
HBsAg, positive, n (%) 57 (58.8%) 38 (63.3%) 0.6166
Anti-HCV, positive, n (%) 30 (30.9%) 30 (50.0%) 0.0189
Alcoholism, yes, n (%) 33 (34%) 23 (38.3%) 0.6101
Cirrhosis, yes, n (%) 83 (85.6%) 52 (86.7%) 1.0000
Ascites, yes, n (%) 24 (24.7%) 15 (25.0%) 1.0000
Child–Pugh Score 0.0233

5–6, n (%) 77 (79.4%) 36 (60.0%)
7–9, n (%) 18 (18.6%) 23 (38.3%)
≥10, n (%) 2 (2.1%) 1 (1.7%)

ALBI score, median (range) −2.341 (−3.67 to −0.30) −2.487 (−3.614 to −0.8922) 0.1225
ALBI grade 0.2156

Grade 1, n (%) 28 (28.9%) 20 (33.3%)
Grade 2, n (%) 61 (62.9%) 39 (65.0%)
Grade 3, n (%) 8 (8.2%) 1 (1.7%)

Portal vein thrombosis, yes, n (%) 61 (61.2%) 40 (66.7%) 0.7321
Initial metastasis, yes, n (%) a 54 (55.7%) 32 (53.3%) 0.8691
New metastasis, yes, n (%) b 8 (8.2%) 16 (26.7%) 0.0027
All metastasis, yes, n (%) c 62 (63.9%) 48 (80%) 0.0225
Tumor size, cm, median (range) 5.0 (1 to 18.6) 4.45 (1 to 17.5) 0.5872
Laboratory test

AFP, ng/mL, median (range) 744.7 (2 to 831318) 1033 (4 to 745879) 0.4700
Albumin, g/L, mean ± SD 3.8 ± 0.5 3.807 ± 0.5276 0.5106
Bilirubin, mg/dL, mean ± SD 1.4 ± 2.2 1.330 ± 1.427 0.6429
Prothrombin time, sec, mean ± SD 13.1 ± 1.2 13.07 ± 1.083 0.8637
Creatinine, mg/dL, mean ± SD 0.8 ± 0.4 0.8492 ± 0.3740 0.5820
AST, U/L, mean ± SD 80.8 ± 61.0 82.4 ± 56.86 0.5941
ALT, U/L, mean ± SD 52.8 ± 37.3 57 ± 42.33 0.5865
Hemoglobin, g/dL, mean ± SD 12.5 ± 1.9 12.7 ± 1.745 0.4141
Platelet, 1000/µL, mean ± SD 161.7 ± 100.0 149.6 ± 90.06 0.4556
WBC, 1000/µL, mean ± SD 5.9 ± 2.6 5.663 ± 2.719 0.4788

Previous treatment, n (%) 76 (78.4%) 46 (76.7%) 0.8449
Sorafenib-related adverse events d

Leukopenia, n (%) 2 (2.1%) 1 (1.7%) 1.000
Neutropenia, n (%) 3 (3.1%) 1 (1.7%) 1.000
Anemia, n (%) 3 (3.1%) 2 (3.3%) 1.000
Thrombocytopenia, n (%) 12 (12.4%) 8 (13.3%) 1.000
Nausea, n (%) 0 0
Vomiting, n (%) 0 0
Mucositis, n (%) 1 (1%) 1 (1.7%) 1.000
Diarrhea, n (%) 4 (4.1%) 19 (31.7%) <0.001
Alopecia, n (%) 0 0
Hepatotoxicity, n (%) 5 (5.2%) 3 (5.0%) 1.000
Skin rash, n (%) 13 (13.4%) 7 (11.7%) 0.8104
Fatigue, n (%) 3 (3.1%) 3 (5.0%) 0.6752
Renal insufficiency, n (%) e 8 (8.2%) 6 (10.0%) 0.7764
Bleeding, n (%) 6 (6.2%) 6 (10.0%) 0.5378

Infection, n (%) 11 (11.3%) 7 (11.7%) 1.000

a Initial metastasis detected before sorafenib treatment; b distant extrahepatic metastasis detected during/after
sorafenib treatment; c all metastasis before mortality; d ≥grade 3; e all renal failures ≥ grade 3 were caused by
sepsis; AFP, alpha-fetoprotein; AST, aspartate transaminase; ALT, alanine transaminase; WBC, white blood cell;
ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus.

2.2. Genotyping

Genotyping of selected SNPs (VEGFR2 rs7692791, WWOX rs9926344, CA9 rs1048638,
DICER rs1057035, ABCB1 rs2032582, ABCG2 rs2231142, and ABCG2 rs2231137) was per-
formed using PCR and Sanger sequencing. Briefly, DNA from patient peripheral blood
cells was extracted and purified using a FlexiGene DNA Kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s instructions. The primers used in this study are listed be-
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low: VEGFR2 rs7692791-F: 5′-GCTATTGCAGAATAGGACAA-3′; VEGFR2 rs7692791-R: 5′-
GTTGGAGAAAAGCTTGTCTT-3′, WWOX rs9926344-F: 5′-GAGTGTTCTGGGAGGCTGTT-
3′; WWOX rs9926344-R: 5′-GCTGTACTTAAATAACCATGGCG-3′, CA9 rs1048638-F:
5′-TGTCCTGCTCATTATGCCACTTC-3′; CA9 rs1048638-R: 5′-GGGAACAAAGGTGACTA
ACACATATTT-3′, DICER rs1057035-F: 5′-TCTGCAGTTGCTTTTTCAAGACA-3′; DICER
rs1057035-R: 5′-GAGACCGAATCTAATATGGAAAACCT-3′, ABCB1 rs2032582-F: 5′-GAAA
ATGTTGTCTGGACAAGC-3′; ABCB1 rs2032582-R: 5′-CATATTTAGTTTGACTCACC-3′,
ABCG2 rs2231142-F: 5′-GGAGTTAACTGTCATTTGCA-3′; ABCG2 rs2231142-R: 5′-CTTGG
AGTCTGCCACTTTAT-3′, and ABCG2 rs2231137-F: 5′-TTATCACAATGGTATGGGCC-3′;
ABCG2 rs2231137-R: 5′-CTTTCTCAACTGGTTTTCGA-3′. CLC Sequence Viewer software
was applied for SNP detection and analysis.

2.3. Statistical Analysis

The results are presented as case numbers and percentages for categorical variables
and means ± standard deviations for continuous variables with normal distributions. For
results not normally distributed, data are presented as the median (range). To examine
factors associated with overall survival, we used univariate Cox proportional hazard
models to calculate hazard ratios (HRs). All parameters showing statistical significance in
the univariate analysis were included for multivariate analysis using the stepwise forward
mode. This mode excludes nonsignificant parameters during the stepwise model building.
As such, only significant parameters remained. A p-value < 0.05 was considered statistically
significant. All statistical analyses were conducted by using Statistical Package for the
Social Sciences (SPSS version 20, IBM Corp., Armonk, NY, USA).

3. Results
3.1. Baseline Characteristics

The clinical characteristics of the 97 patients in cohort-1 and 60 patients in cohort-2 are
shown in Table 1. Notably, in cohort-1, patients with liver cirrhosis (85.6%), Child–Pugh
B/C patients (20.7%), portal vein thrombosis (61.2%), metastasis before sorafenib treatment
(55.7%), and ascites (24.7%) are shown in Table 1. On the other hand, in cohort-2, patients
with liver cirrhosis (86.7%), Child–Pugh B/C patients (40%), portal vein thrombosis (66.7%),
metastasis before sorafenib treatment (53.3%), and ascites (25%) are also listed in Table 1.
The most common treatment-related adverse events were skin rash (13.4%) in cohort-1
and diarrhea (31.7%) in cohort-2. Data from cohort-1 and -2 patients were independently
collected. Comparison of the clinical characteristics between cohort-1 and -2 patients
showed that cohort-1 had a lower percentage of hepatitis C patients (p = 0.0189), a higher
percentage of Child–Pugh stage A patients (p = 0.0233), a lower proportion of patients
who developed distant metastasis during treatment (p = 0.0027), and a lower proportion of
patients who experienced diarrhea during treatment (p < 0.001).

3.2. CP Score Acts as an Independent Factor for HCC Patients Treated with Sorafenib

Cox proportional hazard analysis results for overall survival for cohort-1 patients are
shown in Table 2. Univariate analysis revealed that HBsAg positivity, ascites, CP score, East-
ern Cooperative Oncology Group (ECOG) performance status, serum bilirubin levels, and
adverse events, including fatigue, renal insufficiency, and infection, were associated with
overall survival. In the multivariate analysis, CP score (HR = 2.003, 95% CI = 1.455–2.758,
p < 0.001) and renal insufficiency (HR = 7.661, 95% CI = 3.283–17.880, p < 0.001) remained
independent predictors for survival in HCC patients. To further confirm that CP score served
as an independent predictor in HCC patients with sorafenib treatment, the clinical signifi-
cances between clinical parameters and survival outcomes in cohort-2 patients were analyzed
(Table 3). As mentioned above, SNP genotypes have been used as prognostic markers in
cancer progression. A literature search identified seven SNPs that were associated with
HCC prognosis. Therefore, SNP genotyping for VEGFR2 rs7692791, WWOX rs9926344, CA9
rs1048638, DICER rs1057035, ABCB1 rs2032582, ABCG2 rs2231142, and ABCG2 rs2231137
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was performed by PCR and Sanger sequencing. The prevalence of those SNPs in cohort-
2 (n = 60) patients is shown in Table 4. In Kaplan–Meier analysis, we found that only
ABCG2 rs2231142 genotype “CC” was significantly associated with poorer overall survival
(Figure 1A). Specifically, the ABCG2 rs2231142 genotype “CC” group was significantly asso-
ciated with poorer overall survival in CP score < 7 but not in CP score ≥ 7 (Figure 1B). Uni-
variate Cox proportional hazard analysis in cohort-2 patients revealed that ascites (HR = 4.945,
95% CI = 2.019–12.108, p < 0.001), CP score (HR = 2.619, 95% CI = 1.154–5.945, p = 0.021), biliru-
bin (HR = 1.380, 95% CI = 1.105–1.723, p = 0.004), adverse events including hepatotoxicity
(HR = 3.662, 95% CI = 1.056–12.695, p = 0.041), fatigue (HR = 3.738, 95% CI = 1.086–12.865,
p = 0.037), renal insufficiency (HR = 3.853, 95% CI = 1.404–10.578, p = 0.009), infection
(HR = 3.530, 95% CI = 1.361–9.157, p = 0.009), and ABCG2 rs2231142 genotypes (HR = 0.423,
95% CI = 0.181–0.992, p = 0.048) were associated with overall survival (Table 3). In multi-
variate analysis, ascites (HR = 9.947, 95% CI = 3.142–31.491, p = 0.000), CP score (HR = 5.776,
95% CI = 2.031–16.426, p = 0.001), infection (HR = 12.168, 95% CI = 3.680–40.231, p < 0.001),
and ABCG2 rs2231142 (HR = 0.234, 95% CI = 0.090–0.607, p = 0.003) remained independent
predictors for survival (Table 3). These findings supported that the CP score was a good
predictor of overall survival for HCC patients treated with sorafenib.
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Anti-HCV, positive = 1 2.018 (0.988–4.123) 0.054   
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Alcoholism, yes = 1 1.103 (0.576–2.111) 0.768   
Cirrhosis, yes = 1 1.213 (0.373–3.947) 0.748   
Ascites, yes = 1 2.884 (1.458–5.703) 0.002   
Child–Pugh Score, per score increase 1.754 (1.285–2.393) <0.001 2.003 (1.455–2.758) <0.001 
Child–Pugh Score, “≥7” = 1 3.895 (1.799–8.435) 0.001   
ALBI score, per score increase 1.536 (0.848–2.782) 0.157   
ECOG, per score increase 1.577 (1.069–2.327) 0.022   

Figure 1. The ABCG rs2231142 polymorphism is correlated with the overall survival of HCC patients
receiving sorafenib. (A) The clinical significances of VEGFR2 rs7692791, WWOX rs9926344, CA9
rs1048638, DICER rs1057035, ABCB1 rs2032582, ABCG2 rs2231142, and ABCG2 rs2231137 were
calculated using Kaplan–Meier curves with log-rank analysis. (B) The clinical significance of ABCG2
rs2231142 in the CP score < 7 or ≥7 group is shown.
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Table 2. Cox proportional hazard analysis for association between clinical factors and overall
survival (cohort-1).

Clinical Parameters Univariate Analysis Multivariate Analysis a

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p

Gender, male = 1 1.442 (0.607–3.428) 0.407
Age, per year increase 1.011 (0.981–1.041) 0.478
Anti-HCV, positive = 1 2.018 (0.988–4.123) 0.054
HBsAg, positive = 1 1.914 (1.013–3.618) 0.046
Alcoholism, yes = 1 1.103 (0.576–2.111) 0.768
Cirrhosis, yes = 1 1.213 (0.373–3.947) 0.748
Ascites, yes = 1 2.884 (1.458–5.703) 0.002
Child–Pugh Score, per score increase 1.754 (1.285–2.393) <0.001 2.003 (1.455–2.758) <0.001
Child–Pugh Score, “≥7” = 1 3.895 (1.799–8.435) 0.001
ALBI score, per score increase 1.536 (0.848–2.782) 0.157
ECOG, per score increase 1.577 (1.069–2.327) 0.022
Portal vein thrombosis, yes = 1 1.800 (0.959–3.381) 0.067
All metastasis, yes = 1 1.339 (0.695–2.579) 0.383
Initial metastasis, yes = 1 1.000 (0.547–1.827) 1.000
New metastasis after regression, yes = 1 1.709 (0.818–3.567) 0.154
Tumor size, per cm increase 1.002 (0.927–1.083) 0.963
Alpha-fetoprotein, per 1000 ng/mL increase 1.001 (0.999–1.004) 0.300
Albumin, per g/L increase 0.539 (0.282–1.029) 0.061
Bilirubin, per mg/dL increase 1.240 (1.029–1.494) 0.024
Prothrombin time, per s increase 0.749 (0.559–1.004) 0.053
Creatinine, per mg/dL increase 1.247 (0.745–2.087) 0.401
AST, per U/L increase 1.003 (0.995–1.010) 0.486
ALT, per U/L increase 0.990 (0.979–1.002) 0.106
Hb, per g/dL increase 0.919 (0.777–1.087) 0.325
Platelet, per 1000/µL increase 1.003 (0.999–1.006) 0.107
WBC, per 1000/µL increase 1.029 (0.911–1.161) 0.648
Neutrophil, per 1000/µL increase 1.040 (0.911–1.189) 0.560
Neutrophil ratio 1.013 (0.989–1.039) 0.284
Lymphocyte, per 1000/µL 0.946 (0.605–1.478) 0.807
N to L ratio 0.970 (0.841–1.119) 0.677
P to L ratio 1.000 (0.997–1.003) 0.955
Previous treatment, yes = 1 1.185 (0.575–2.441) 0.645
Adverse events ≥ grade 3, yes = 1

Leukopenia 1.260 (0.172–9.238) 0.820
Neutropenia 0.915 (0.220–3.804) 0.903
Anemia 0.629 (0.086–4.587) 0.648
Thrombocytopenia 1.251 (0.579–2.705) 0.569
Nausea - -
Vomiting - -
Mucositis 0.049 (0–29808681482) 0.827
Diarrhea 0.325 (0.076–1.386) 0.129
Alopecia - -
Hepatotoxicity 2.824 (0.989–8.064) 0.052
Skin rash 0.720 (0.283–1.837) 0.492
Fatigue 4.287 (1.305–14.081) 0.016
Renal insufficiency 5.065 (2.283–11.233) <0.001 7.661 (3.283–17.880) <0.001
Bleeding 2.677 (0.949–7.555) 0.063
Infection 3.860 (1.840–8.096) <0.001

a Multivariate analysis was performed using stepwise forward mode. Bold letters, p < 0.05.



J. Clin. Med. 2022, 11, 2550 7 of 11

Table 3. Cox proportional hazard analysis for association between clinical factors and overall
survival (cohort-2).

Clinical Parameters Univariate Analysis Multivariate Analysis a

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p

Gender, male = 1 1.442 (0.607–3.428) 0.407
Age, >65 = 1 0.954 (0.323–2.814) 0.932
Anti-HCV, positive = 1 0.434 (0.147–1.283) 0.131
HBsAg, positive = 1 2.524 (0.930–6.851) 0.069
Alcoholism, yes = 1 0.833 (0.343–2.021) 0.686
Cirrhosis, yes = 1 1.520 (0.201–11.486) 0.685
Ascites, yes = 1 4.945 (2.019–12.108) 0.000 9.947 (3.142–31.491) <0.001
Child–Pugh Score, “≥ 7” = 1 2.619 (1.154–5.945) 0.021 5.776 (2.031–16.426) 0.001
ALBI score 2.460 (0.949–6.379) 0.064
ECOG 1.335 (0.579–3.078) 0.497
Portal vein thrombosis, yes = 1 1.204 (0.524–2.769) 0.662
All metastasis, yes = 1 1.632 (0.982–2.711) 0.059
Initial metastasis, yes = 1 1.096 (0.484–2.483) 0.826
Tumor size, per cm increase 0.978 (0.875–1.092) 0.690
Alpha-fetoprotein, per 1000
ng/mL increase 0.871 (0.384–1.977) 0.741

Albumin, per g/L increase 0.782 (0.489–1.252) 0.306
Bilirubin, per mg/dL increase 1.380 (1.105–1.723) 0.004
Prothrombin time, per s increase 0.732 (0.480–1.116) 0.147
Creatinine, per mg/dL increase 1.593 (0.602–4.215) 0.348
AST, per U/L increase 1.002 (0.993–1.012) 0.642
ALT, per U/L increase 0.992 (0.978–1.006) 0.264
Hb, per g/dL increase 0.796 (0.616–1.028) 0.080
Platelet, per 1000/µL increase 1.002 (0.997–1.006) 0.497
WBC, per 1000/µL increase 1.020 (0.878–1.185) 0.796
Previous treatment, yes = 1 1.328 (0.547–3.227) 0.531
Adverse events ≥ grade 3, yes = 1

Leukopenia 0.047 (0.000–2187.519) 0.577
Neutropenia 0.044 (0.000–144.587) 0.450
Anemia 0.048 (0.000–188,112) 0.190
Vomiting - -
Mucositis 0.048 (0.829–44,109,144,047) 0.829
Alopecia - -
Hepatotoxicity 3.662 (1.056–12.695) 0.041
Skin rash 0.860 (0.201–3.683) 0.839
Fatigue 3.738 (1.086–12.865) 0.037
Renal insufficiency 3.853 (1.404–10.578) 0.009
Bleeding 2.679 (0.902–7.952) 0.076
Infection 3.530 (1.361–9.157) 0.009 12.168 (3.680–40.231) <0.001

VEGFR2 rs7692791 non-TT = 1 1.377 (0.617–3.073) 0.435
WWOX rs9926344 non-GG = 1 1.061 (0.439–2.565) 0.896
DICER rs1057035 non-TT = 1 0.499 (0.205–1.212) 0.125
CA9 rs1048638 non-CC = 1 0.288 (0.067–1.238) 0.094
ABCB1 rs2032582 non-GG = 1 1.443 (0.615–3.384) 0.399
ABCG2 rs2231142 non-CC = 1 0.423 (0.181–0.992) 0.048 0.234 (0.090–0.607) 0.003
ABCG2 rs2231137 non-CC = 1 2.361 (0.934–5.968) 0.069

a Multivariate analysis was performed using stepwise forward mode. Bold letters, p < 0.05.
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Table 4. Frequency distributions of VEGFR2, WWOX, CA9, DICER, ABCB1, ABCG2, and ABCG2
polymorphisms in patients with HCC.

Gene SNP Types

VEGFR2 rs7692791 TT type (n = 35, 58.3%) non-TT type (n = 25, 41.7%)
WWOX rs9926344 GG type (n = 43, 72.9%) non-GG type (n = 16, 27.1%)

CA9 rs1048638 CC type (n = 52, 86.7%) non-CC type (n = 8, 13.3%)
DICER rs1057035 TT type (n = 34, 63%) non-TT type (n = 20, 37%)
ABCB1 rs2032582 GG type (n = 24, 44.4%) non-GG type (n = 30, 55.6%)
ABCG2 rs2231142 CC type (n = 32, 53.3%) non-CC type (n = 28, 46.7%)
ABCG2 rs2231137 CC type (n = 26, 43.3%) non-CC type (n = 34, 56.7%)

4. Discussion

The ALBI grade has become an alternative HCC prognostic marker in recent years,
especially for HCC patients treated with sorafenib. The superior prognostic value of
ALBI grade compared with CP grade was reported among different treatment modali-
ties of HCC, including liver resection [18], TACE [19], radiotherapy [20,21], and systemic
treatment [22–24]. The ALBI grade has several advantages. First, the ALBI score is com-
posed of two objective parameters. In contrast, the scoring of ascites and hepatic en-
cephalopathy in CP classification is relatively subjective and lacks a universal and/or rigid
definition. Second, the ALBI model is statistical-based, but the cutoff value of the CP score
was arbitrarily defined in the beginning. As such, there is uncertainty for patients with CP
scores immediately below or above the cutoff values. Third, in the CP score, the five param-
eters included are equally weighted, and some of them represent the same function. For
instance, serum albumin and prothrombin time both represent hepatic synthetic function.

In this study, we found that the CP score served as a better clinical predictor of overall
survival in HCC patients treated with sorafenib. In a large retrospective multicenter study,
European HCC patients receiving sorafenib treatment were investigated [23]. Although the
prognostic values of CP and ALBI were similar in the CP class A population, the CP score
was likely to be more informative than ALBI in the overall population. In a Japanese study
including 2584 treatment-naïve HCC patients, the ALBI grade was more discriminative for
patients with better liver function [25]. Furthermore, the ALBI score was able to predict
good versus poor prognosis in patients with a CP score of 5 [22,24]. Taken together, the
ALBI score appeared to function better than the CP score in patients with good hepatic
reserve, but it was not a satisfactory predictor for those with relatively poor liver function.
In the present study, we had a higher proportion of patients who presented with ascites
and a higher proportion of patients with a CP score > 6.

The scoring of ascites in CP classification was considered to be subjective and inter-
related with serum albumin levels. However, the causes of ascites formation in patients
with HCC are complex, including reduced osmotic pressure by hypoalbuminemia, portal
hypertension caused by either cirrhotic liver or tumor vascular invasion, and peritoneal
tumor seeding. In a retrospective study of patients with HCC treated with the combination
therapy of TACE and sorafenib, the ALBI grade was more discriminative than the CP
score, but its predictive value was not significant in the subgroup of portal vein tumor
thrombosis [19]. Kim et al. compared the prognostic value of four liver function models in
HCC patients with ascites. By integrating serum sodium levels into the model for end-stage
liver disease (MELD) score, the MELD-Na score became a better outcome predictor for
HCC patients with worsening liver function compared with the CP and ALBI scores [26].
A correlation was noted between cirrhotic ascites and serum sodium levels. Our study
included patients with more advanced HCC, 61.2% with portal vein thrombosis, 55.7%
with initial distant metastasis, and 24.7% with ascites. It is reasonable that the CP score
became a better predictor of survival than the ALBI score in the study.

An association study between SNPs and drug responses in cancer progression has
been reported. Scartozzi and coworkers demonstrated that VEGF rs2010963, VEGFR
rs4604006, and BCLC stage served as predictors of overall survival and progression-free
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survival for HCC patients treated with sorafenib in Italy. Another study reported that VEGF
rs1570360 and VEGFR2 rs2239702 were significantly associated with the sorafenib response
in renal cell carcinoma [27]. Moreover, VEGF and ABCB1 polymorphisms correlated with
sorafenib-mediated toxicity. The associations between the gene genotypes in the EGFR
signaling pathway and HCC progression were determined [11]. The results showed that
HCC patients with the VEGFR2 rs7692791 TT genotype were significantly correlated with
poorer clinical outcomes. Another study demonstrated that HCC patients with the WWOX
rs9926344 AA + AG genotypes had poorer survival outcomes by Kaplan–Meier curve
analysis [12]. Furthermore, multivariate Cox regression analysis indicated that the WWOX
rs9926344 AA + AG genotypes served as an independent predictor for recurrence-free
survival in HCC patients. HCC patients with Dicer rs1057035 CT and CC genotypes had a
better survival outcome than those with the Dicer rs1057035 TT genotype [14]. A report
revealed that HCC patients carrying the CA9 rs1048638 CA genotype had poorer overall
survival and disease-free survival than those carrying the CA9 rs1048638 CC genotype [13].
The distribution of ABCG2 rs2231142 genotypes in the Taiwanese population has been
analyzed in the Taiwan Biobank database (https://taiwanview.twbiobank.org.tw/index
accessed on 28 April 2022). The data showed that the frequency of the ABCG2 rs2231142
GG genotype (or CC genotype if named by the complementary strand) in a Taiwanese
population (n = 1517) was approximately 68%. This prevalence was slightly greater than
what was found in our study (Table 4, 53.3%). In the available SNP database (NCBI) or
Tawain Biobank database, the reference SNP of ABCG2 rs2231142 is the G allele. However,
in our and previous studies [15,17] investigating the correlation between ABCG2 rs2231142
genotypes and drug responses, the ABCG2 rs2231142 GG genotypes were referred to as
the CC genotypes (named by the complementary strand). In this study, we followed the
nomenclature of these relevant studies. ABCG2 functions as a transporter to regulate the
efflux of drugs in cancer cells [28]. Kurdish breast cancer patients with ABCG2 rs2231142
AA exhibited a better response to anthracycline and paclitaxel treatment [29]. Consistently,
in breast cancer, the ABCG2 rs2231142 AA group also had a better therapeutic response
in patients receiving anthracycline chemotherapy [30]. Previous studies demonstrated
that the ABCG2 rs2231142 polymorphism was associated with sorafenib and lenvatinib
exposure [15,17]. A study investigated the associations between the ABCG2 rs2231142
polymorphism and lenvatinib pharmacokinetics (maximum plasma concentration [Cmax]
and area under the plasma concentration curve [AUC]). In a study with a small sample size
(n = 37), the genotypes of ABCG2 rs2231142 in Japanese HCC patients receiving lenvatinib
exposure on Day 15 were analyzed. The results showed that the AUC and Cmax on Day 15
in the ABCG2 rs2231142 non-CC group were significantly higher than those in the ABCG2
rs2231142 CC group [17]. Another report investigated the association between ABCG1 and
ABCG2 genotypes and the sorafenib response in HCC patients [15]. The data indicated that
the sorafenib concentration (dose/body weight) ratio was lower in the ABCG1 rs2032582
CT genotype compared to that in the ABCG1 rs2032582 CC or TT genotype. In addition,
the sorafenib concentration (dose/body weight) ratio in HCC patients carrying the ABCG2
rs2231142 CA genotype was significantly lower than that in the ABCG2 rs2231142 CC
group. HCC patients carrying the ABCG2 rs2231137 AG genotype had a significantly
lower sorafenib concentration (dose/body weight) ratio than those carrying the ABCG2
rs2231137 GG genotype. These findings suggested that genetic polymorphisms, including
those of ABCG1 and ABCG2, were correlated with distinct sorafenib treatment responses.
In our study, only the ABCG2 rs2231142 genotype was correlated with survival outcome.
In particular, sorafenib-treated HCC patients with the ABCG2 rs2231142 CC genotype
had shorter overall survival. Based on our and previous studies, we hypothesized that
the sorafenib response rate in HCC patients with the ABCG2 rs2231142 CC genotype
was lower (than that in HCC patients with the non-CC genotype) due to a functionally
more effective ABCG2 efflux transporter, leading to shorter overall survival. Recently, a
group reported that ABCG2 rs2231142 genotypes combined with alcohol consumption
might lead to increased HUA risk [31]. Taken together, genotypic polymorphisms of the
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efflux transporter genes, such as ABCG2 rs2231142 genotypes, play an important role in
regulating HCC progression in Taiwanese HCC patients treated with targeted drugs.

The limitations of our study are its retrospective nature and single-center nature.
The sample size was small. However, we used two independent cohorts of patients to
compensate for this insufficiency.

5. Conclusions

In conclusion, the CP score is a good clinical predictor for survival in advanced HCC
patients treated with sorafenib. Additionally, the ABCG2 rs2231142 polymorphism could
serve as a prognostic predictor independent of CP score.

Author Contributions: Conceptualization: P.-H.H., J.Y., Y.-Y.C. and Y.-H.L.; methodology: P.-H.H.,
J.Y. and Y.-H.L.; formal analysis: P.-H.H., J.Y. and Y.-H.L.; investigation: P.-H.H., J.Y., Y.-Y.C. and
Y.-H.L.; writing—original draft preparation: P.-H.H., J.Y. and Y.-H.L.; writing—review and editing:
Y.-H.L. and C.-T.Y.; supervision: Y.-H.L. and C.-T.Y. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by grants from Chang Gung Memorial Hospital, Taoyuan, Taiwan
(CMRPG3L1211 and NRRPG3L6011 to YHL) and from the Ministry of Science and Technology of the
Republic of China (MOST 110-2311-B-182A-001-MY3 to YHL).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Chang Gung Medical Center (IRB:
100–4426A3 and 104–168A3).

Informed Consent Statement: Written informed consent was obtained from patients providing samples.

Data Availability Statement: Not applicable.

Acknowledgments: The authors appreciate the technical and administrative support provided by all
members of the Liver Research Center in Chang Gung Memorial Hospital, Taoyuan, Taiwan.

Conflicts of Interest: The authors declare that there are no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Llovet, J.M.; Kelley, R.K.; Villanueva, A.; Singal, A.G.; Pikarsky, E.; Roayaie, S.; Lencioni, R.; Koike, K.; Zucman-Rossi, J.; Finn, R.S.

Hepatocellular carcinoma. Nat. Rev. Dis. Primers 2021, 7, 6. [CrossRef] [PubMed]
3. Hung, G.Y.; Horng, J.L.; Yen, H.J.; Lee, C.Y.; Lin, L.Y. Changing incidence patterns of hepatocellular carcinoma among age groups

in Taiwan. J. Hepatol. 2015, 63, 1390–1396. [CrossRef] [PubMed]
4. Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD

guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [CrossRef] [PubMed]
5. Child, C.G.; Turcotte, J.G. Surgery and portal hypertension. Major Probl. Clin. Surg. 1964, 1, 1–85. [PubMed]
6. Pugh, R.N.; Murray-Lyon, I.M.; Dawson, J.L.; Pietroni, M.C.; Williams, R. Transection of the oesophagus for bleeding oesophageal

varices. Br. J. Surg. 1973, 60, 646–649. [CrossRef]
7. Johnson, P.J.; Berhane, S.; Kagebayashi, C.; Satomura, S.; Teng, M.; Reeves, H.L.; O’Beirne, J.; Fox, R.; Skowronska, A.; Palmer, D.;

et al. Assessment of liver function in patients with hepatocellular carcinoma: A new evidence-based approach-the ALBI grade.
J. Clin. Oncol. 2015, 33, 550–558. [CrossRef]

8. Chan, A.W.; Kumada, T.; Toyoda, H.; Tada, T.; Chong, C.C.; Mo, F.K.; Yeo, W.; Johnson, P.J.; Lai, P.B.; Chan, A.T.; et al. Integration
of albumin-bilirubin (ALBI) score into Barcelona Clinic Liver Cancer (BCLC) system for hepatocellular carcinoma. J. Gastroenterol.
Hepatol. 2016, 31, 1300–1306. [CrossRef]

9. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.L.; Forner, A.; et al.
Sorafenib in advanced hepatocellular carcinoma. N. Engl. J. Med. 2008, 359, 378–390. [CrossRef]

10. Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.Y.; Kudo, M.; Breder, V.; Merle, P.; Kaseb, A.O.; et al. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. J. Med. 2020, 382, 1894–1905. [CrossRef]

11. Wang, W.; Ma, X.P.; Shi, Z.; Zhang, P.; Ding, D.L.; Huang, H.X.; Saiyin, H.G.; Chen, T.Y.; Lu, P.X.; Wang, N.J.; et al. Epidermal
growth factor receptor pathway polymorphisms and the prognosis of hepatocellular carcinoma. Am. J. Cancer Res. 2015, 5,
396–410. [PubMed]

12. Chen, W.; Zhou, C.; Zhang, W.; Atyah, M.; Yin, Y.; Guo, L.; Tang, W.; Dong, Q.; Ye, Q.; Ren, N. Association of WWOX rs9926344
polymorphism with poor prognosis of hepatocellular carcinoma. J. Cancer 2018, 9, 1239–1247. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://doi.org/10.1038/s41572-020-00240-3
http://www.ncbi.nlm.nih.gov/pubmed/33479224
http://doi.org/10.1016/j.jhep.2015.07.032
http://www.ncbi.nlm.nih.gov/pubmed/26256438
http://doi.org/10.1002/hep.29086
http://www.ncbi.nlm.nih.gov/pubmed/28130846
http://www.ncbi.nlm.nih.gov/pubmed/4950264
http://doi.org/10.1002/bjs.1800600817
http://doi.org/10.1200/JCO.2014.57.9151
http://doi.org/10.1111/jgh.13291
http://doi.org/10.1056/NEJMoa0708857
http://doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/25628948
http://doi.org/10.7150/jca.23808
http://www.ncbi.nlm.nih.gov/pubmed/29675105


J. Clin. Med. 2022, 11, 2550 11 of 11

13. Hua, K.T.; Liu, Y.F.; Hsu, C.L.; Cheng, T.Y.; Yang, C.Y.; Chang, J.S.; Lee, W.J.; Hsiao, M.; Juan, H.F.; Chien, M.H.; et al. 3’UTR
polymorphisms of carbonic anhydrase IX determine the miR-34a targeting efficiency and prognosis of hepatocellular carcinoma.
Sci. Rep. 2017, 7, 4466. [CrossRef] [PubMed]

14. Wang, Z.; Wang, J.; Wang, Q.; Wang, J.; Yuan, J.; Si, Y. Genetic variant in DICER gene is associated with prognosis of hepatocellular
carcinoma in a Chinese cohort. Hepatol. Res. 2017, 47, 845–853. [CrossRef] [PubMed]

15. Tandia, M.; Mhiri, A.; Paule, B.; Saffroy, R.; Cailliez, V.; Noe, G.; Farinotti, R.; Bonhomme-Faivre, L. Correlation between clinical
response to sorafenib in hepatocellular carcinoma treatment and polymorphisms of P-glycoprotein (ABCB1) and of breast cancer
resistance protein (ABCG2): Monocentric study. Cancer Chemother. Pharmacol. 2017, 79, 759–766. [CrossRef] [PubMed]

16. Azam, F.; Khan, M.; Khaliq, T.; Bhatti, A.B.H. Influence of ABCB1 gene polymorphism on concentration to dose ratio and adverse
effects of tacrolimus in Pakistani liver transplant recipients. Pak. J. Med. Sci. 2021, 37, 689–694. [CrossRef]

17. Okubo, H.; Ando, H.; Ishizuka, K.; Morishige, J.I.; Ikejima, K.; Shiina, S.; Nagahara, A. Impact of genetic polymorphisms on the
pharmacokinetics and pharmacodynamics of lenvatinib in patients with hepatocellular carcinoma. J. Pharmacol. Sci. 2022, 148,
6–13. [CrossRef]

18. Wang, Y.Y.; Zhong, J.H.; Su, Z.Y.; Huang, J.F.; Lu, S.D.; Xiang, B.D.; Ma, L.; Qi, L.N.; Ou, B.N.; Li, L.Q. Albumin-bilirubin versus
Child-Pugh score as a predictor of outcome after liver resection for hepatocellular carcinoma. Br. J. Surg. 2016, 103, 725–734.
[CrossRef]

19. Wang, Z.; Fan, Q.; Wang, M.; Wang, E.; Li, H.; Liu, L. Comparison between Child-Pugh Score and albumin-bilirubin grade in
patients treated with the combination therapy of transarterial chemoembolization and sorafenib for hepatocellular carcinoma.
Ann. Transl. Med. 2020, 8, 537. [CrossRef]

20. Murray, L.J.; Sykes, J.; Brierley, J.; Kim, J.J.; Wong, R.K.S.; Ringash, J.; Craig, T.; Velec, M.; Lindsay, P.; Knox, J.J.; et al. Baseline
Albumin-Bilirubin (ALBI) Score in Western Patients With Hepatocellular Carcinoma Treated With Stereotactic Body Radiation
Therapy (SBRT). Int. J. Radiat. Oncol. Biol. Phys. 2018, 101, 900–909. [CrossRef]

21. Su, T.S.; Yang, H.M.; Zhou, Y.; Huang, Y.; Liang, P.; Cheng, T.; Chen, L.; Li, L.Q.; Liang, S.X. Albumin-bilirubin (ALBI) versus
Child-Turcotte-Pugh (CTP) in prognosis of HCC after stereotactic body radiation therapy. Radiat. Oncol. 2019, 14, 50. [CrossRef]
[PubMed]

22. Tada, T.; Kumada, T.; Hiraoka, A.; Atsukawa, M.; Hirooka, M.; Tsuji, K.; Ishikawa, T.; Takaguchi, K.; Kariyama, K.; Itobayashi, E.;
et al. Impact of modified albumin-bilirubin grade on survival in patients with HCC who received lenvatinib. Sci. Rep. 2021, 11,
14474. [CrossRef] [PubMed]

23. Edeline, J.; Blanc, J.F.; Johnson, P.; Campillo-Gimenez, B.; Ross, P.; Ma, Y.T.; King, J.; Hubner, R.A.; Sumpter, K.; Darby, S.; et al. A
multicentre comparison between Child Pugh and Albumin-Bilirubin scores in patients treated with sorafenib for Hepatocellular
Carcinoma. Liver Int. 2016, 36, 1821–1828. [CrossRef] [PubMed]

24. Tada, T.; Kumada, T.; Toyoda, H.; Tsuji, K.; Hiraoka, A.; Michitaka, K.; Deguchi, A.; Ishikawa, T.; Imai, M.; Ochi, H.; et al. Impact
of albumin-bilirubin grade on survival in patients with hepatocellular carcinoma who received sorafenib: An analysis using
time-dependent receiver operating characteristic. J. Gastroenterol. Hepatol. 2019, 34, 1066–1073. [CrossRef]

25. Hiraoka, A.; Kumada, T.; Michitaka, K.; Toyoda, H.; Tada, T.; Ueki, H.; Kaneto, M.; Aibiki, T.; Okudaira, T.; Kawakami, T.; et al.
Usefulness of albumin-bilirubin grade for evaluation of prognosis of 2584 Japanese patients with hepatocellular carcinoma.
J. Gastroenterol. Hepatol. 2016, 31, 1031–1036. [CrossRef]

26. Kim, K.M.; Shim, S.G.; Sinn, D.H.; Song, J.E.; Kim, B.S.; Kim, H.G. Child-Pugh, MELD, MELD-Na, and ALBI scores: Which liver
function models best predicts prognosis for HCC patient with ascites? Scand. J. Gastroenterol. 2020, 55, 951–957. [CrossRef]

27. Qin, C.; Cao, Q.; Li, P.; Wang, S.; Wang, J.; Wang, M.; Chu, H.; Zhou, L.; Li, X.; Ye, D.; et al. The influence of genetic variants of
sorafenib on clinical outcomes and toxic effects in patients with advanced renal cell carcinoma. Sci. Rep. 2016, 6, 20089. [CrossRef]

28. Mo, W.; Zhang, J.T. Human ABCG2: Structure, function, and its role in multidrug resistance. Int. J. Biochem. Mol. Biol. 2012, 3, 1–27.
29. Ghafouri, H.; Ghaderi, B.; Amini, S.; Nikkhoo, B.; Abdi, M.; Hoseini, A. Association of ABCB1 and ABCG2 single nucleotide

polymorphisms with clinical findings and response to chemotherapy treatments in Kurdish patients with breast cancer. Tumour
Biol. 2016, 37, 7901–7906. [CrossRef]

30. Wu, H.; Liu, Y.; Kang, H.; Xiao, Q.; Yao, W.; Zhao, H.; Wang, E.; Wei, M. Genetic Variations in ABCG2 Gene Predict Breast
Carcinoma Susceptibility and Clinical Outcomes after Treatment with Anthracycline-Based Chemotherapy. Biomed. Res. Int. 2015,
2015, 279109. [CrossRef]

31. Chen, I.C.; Chen, Y.J.; Chen, Y.M.; Lin, H.J.; Lin, Y.C.; Chagn, J.C.; Chen, P.C.; Lin, C.H. Interaction of Alcohol Consumption and
ABCG2 rs2231142 Variant Contributes to Hyperuricemia in a Taiwanese Population. J. Pers. Med. 2021, 11, 1158. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41598-017-04732-3
http://www.ncbi.nlm.nih.gov/pubmed/28667334
http://doi.org/10.1111/hepr.12824
http://www.ncbi.nlm.nih.gov/pubmed/27670743
http://doi.org/10.1007/s00280-017-3268-y
http://www.ncbi.nlm.nih.gov/pubmed/28289864
http://doi.org/10.12669/pjms.37.3.3898
http://doi.org/10.1016/j.jphs.2021.08.011
http://doi.org/10.1002/bjs.10095
http://doi.org/10.21037/atm.2020.02.114
http://doi.org/10.1016/j.ijrobp.2018.04.011
http://doi.org/10.1186/s13014-019-1251-y
http://www.ncbi.nlm.nih.gov/pubmed/30917853
http://doi.org/10.1038/s41598-021-93794-5
http://www.ncbi.nlm.nih.gov/pubmed/34262065
http://doi.org/10.1111/liv.13170
http://www.ncbi.nlm.nih.gov/pubmed/27214151
http://doi.org/10.1111/jgh.14564
http://doi.org/10.1111/jgh.13250
http://doi.org/10.1080/00365521.2020.1788139
http://doi.org/10.1038/srep20089
http://doi.org/10.1007/s13277-015-4679-1
http://doi.org/10.1155/2015/279109
http://doi.org/10.3390/jpm11111158
http://www.ncbi.nlm.nih.gov/pubmed/34834509

	Introduction 
	Materials and Methods 
	Patients 
	Genotyping 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	CP Score Acts as an Independent Factor for HCC Patients Treated with Sorafenib 

	Discussion 
	Conclusions 
	References

