
2816

ORIGINAL RESEARCH

Prognosis of patients with hepatocellular carcinoma treated 
with sorafenib: a comparison of five models in a large 
Canadian database
Haider H. Samawi1 , Hao-Wen Sim2, Kelvin K. Chan3 , Mohammad A. Alghamdi4,  
Richard M. Lee-Ying5, Jennifer J. Knox2, Parneet Gill1, Adriana Romagnino3, Eugene Batuyong5, 
Yoo-Joung Ko3, Janine M. Davies1, Howard J. Lim1, Winson Y. Cheung5,* & Vincent C. Tam5,*  
On Behalf of the CHORD Consortium
1British Columbia Cancer Agency, Vancouver, British Columbia, Canada
2Princess Margaret Cancer Centre, Toronto, Ontario, Canada
3Sunnybrook Odette Cancer Centre, Toronto, Ontario, Canada
4King Saud University, Riyadh, Saudi Arabia
5Tom Baker Cancer Centre, Calgary, Alberta, Canada

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.  
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, 

distribution and reproduction in any medium, provided the original work is properly cited.

Keywords
ALBI, BCLC, CLIP, HCC, Okuda, prognostic 
models, TNM

Correspondence
Vincent C. Tam, Section of Medical Oncology, 
Tom Baker Cancer Centre, 1331 29 St NW, 
Calgary, AB, Canada T2N 4N2.  
Tel: +1 403 521 3706;  
Fax: +1 403 283 1651;  
E-mail: vincent.tam@ahs.ca

Funding Information
Tom Baker Cancer Centre Clinical Research 
Unit Grant.

Received: 31 January 2018; Revised: 9 March 
2018; Accepted: 20 March 2018

Cancer Medicine 2018; 7(7): 2816–2825

doi: 10.1002/cam4.1493

*Co-senior authors.

Abstract

Several systems (tumor-node-metastasis [TNM], Barcelona Clinic Liver Cancer 
[BCLC], Okuda, Cancer of the Liver Italian Program [CLIP], and albumin–bili-
rubin grade [ALBI]) were developed to estimate the prognosis of patients with 
hepatocellular carcinoma (HCC) mostly prior to the prevalent use of sorafenib. 
We aimed to compare the prognostic and discriminatory power of these models 
in predicting survival for HCC patients treated with sorafenib and to identify 
independent prognostic factors for survival in this population. Patients who 
received sorafenib for the treatment of HCC between 1 January 2008 and 30 
June 2015 in the provinces of British Columbia and Alberta, and two large 
cancer centers in Toronto, Ontario, were included. Survival was assessed using 
the Kaplan–Meier method. Multivariate Cox regression was used to identify 
predictors of survival. The models were compared with respect to homogeneity, 
discriminatory ability, monotonicity of gradients, time-dependent area under 
the curve, and Akaike information criterion. A total of 681 patients were  
included. 80% were males, 86% had Child–Pugh class A, and 37% of patients 
were East Asians. The most common etiology for liver disease was hepatitis B 
(34%) and C (31%). In all model comparisons, CLIP performed better while 
BCLC and TNM7 performed less favorably but the differences were small. The 
utility of each system in allocating patients into different prognostic groups 
varied, for example, TNM poorly differentiated patients in advanced stages 
(8.7  months (m) (95% CI 6.5–11.5) versus 8.4  m (95% CI 7.0–9.6) for stages 
III and IV, respectively) while ALBI had excellent discrimination of early grades 
(15.6  m [95% CI 13.0–18.4] versus 8.3  m [95% CI 7.0–9.2] for grades 1 and 
2, respectively). On multivariate analysis, hepatitis C, alcoholism, and prior 
hepatic resection were independently prognostic of better survival (P  <  0.01). 
In conclusion, none of the prognostic systems was optimal in predicting survival 
in sorafenib-treated patients with HCC. Etiology of liver disease should be con-
sidered in future models and clinical trial designs.
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Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary malignancy of the liver and the second leading 
cause of cancer-related mortality worldwide [1]. Despite 
this high global burden, limited treatment options exist 
for advanced disease. In recent years, sorafenib, an oral 
multityrosine kinase inhibitor that inhibits growth of the 
tumor and its vasculature, has been shown to improve 
overall survival (OS) by 2–3  months in two large rand-
omized phase III clinical trials [2, 3] and is considered 
the standard treatment for patients with advanced HCC 
who have adequate liver function and who are otherwise 
ineligible for local therapies. Nonetheless, its modest sur-
vival benefit must be weighed against the potential for 
significant toxicities. The ability to better identify patients 
who would benefit from sorafenib therapy remains a chal-
lenge because predictive biomarkers for efficacy of sorafenib 
are scarce. The magnitude of benefit also varies and appears 
to be influenced by the etiology of the underlying liver 
disease [4, 5]. Consequently, best supportive care remains 
a reasonable alternative for a select group of patients with 
poor prognosis. A prognostic scoring system would help 
guide physicians to identify those patients in which the 
potential value of intensive therapy outweighs its burden 
[6]. Additionally, identifying relevant prognostic factors is 
essential in stratifying patients for future clinical trials.

The prognosis of patients with HCC is complex and 
uniquely influenced by the severity of hepatic dysfunc-
tion. Prior studies have attempted to improve on the 
prognostic power of the traditional tumor-node-metastasis 
(TNM) staging system by identifying and incorporating 
other relevant factors [7, 8]. However, ongoing debate 
exists as to which staging system is the most informative 
and whether any of these systems are suitable for HCC 
patients treated with sorafenib. The most commonly used 
staging systems are TNM (7th edition at the time of this 
study, TNM7) [9], Barcelona Clinic Liver Cancer (BCLC) 

[10, 11], Cancer of the Liver Italian Program (CLIP) [7, 
12], and Okuda [13] (Table  1). A fifth system, the ALBI 
grade [14], is a novel system that objectively assesses 
liver function using albumin and bilirubin for all stages 
of HCC and represents a simple alternative to the Child–
Pugh (CP) classification. With the exception of ALBI 
grade, all the other systems were developed prior to the 
prevalent use of sorafenib in the treatment of advanced 
HCC and have not been evaluated specifically in this 
population.

The objectives of this study were to compare the utility 
of five commonly used staging systems to predict survival 
and to identify independent prognostic factors for survival 
in a large multicenter cohort of HCC patients treated with 
sorafenib. Our primary hypothesis was that none of the 
currently used staging systems is ideal in stratifying sorafenib-
treated patients with HCC and that identification of new 
prognostic factors that are unique to this population is needed.

Patients and Methods

CHORD consortium

The Cancer Health Outcomes Research Database (CHORD) 
consortium is a national initiative in Canada that brings 
together a group of cancer researchers with the aim of 
pooling and merging diagnostic, treatment, and prognostic 
data into a large database for research. This pooled data 
source is particularly useful to study tumors that are rare 
and difficult to treat, and where sample size from any 
single institution may not be adequate to address a clini-
cal research query. Common predefined data elements 
are collected from each participating center and then 
merged and standardized into a central repository prior 
to analysis. For this study, data were limited to three 
large provinces due to data availability and study time-
frames. Ethics approval was obtained from each partici-
pating center prior to the conduct of this study.

Table 1. Components of HCC staging and prognostic systems.

Systems PS

Tumor-related factors Liver function

AFP Prior Tx LiverDx2Size Nodes PVT Extent1 CP Alb Bili

TNM7 ✖ ✔ ✔ ✔ ✖ ✖ ✖ ✖ ✖ ✖ ✖

BCLC ✔ ✔ ✖ ✔ ✖ ✔ ✖ ✔ ✖ ✖ ✖

CLIP ✖ ✔ ✖ ✔ ✔ ✔ ✖ ✔ ✔ ✖ ✖

Okuda ✖ ✔ ✖ ✖ ✔ ✖ ✔ ✔ ✖ ✖ ✖

ALBI ✖ ✖ ✖ ✖ ✖ ✖ ✔ ✔ ✖ ✖ ✖

AFP, alpha-fetoprotein; Alb, albumin; ALBI, albumin–bilirubin grade; BCLC, Barcelona Clinic Liver Cancer; Bili, bilirubin; CLIP, Cancer of Liver Italian 
Program; CP, Child–Pugh classification; HCC, hepatocellular carcinoma; PS, performance status; PVT, portal vein thrombosis; TNM7, TNM staging 
seventh edition; Tx, treatment.
1Extent of primary tumor compared to liver area (greater or less than 50%).
2Etiology of liver disease.
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Study setting

Patients included in this study were treated at cancer 
centers from three Canadian provinces; British Columbia, 
Alberta, and Ontario. The study involved all the cancer 
centers operated by the BC Cancer Agency (BCCA) and 
Alberta health Services (AHS), and two large comprehen-
sive cancer centers (Princess Margaret Cancer Centre 
[PMCC] and Sunnybrook Odette Cancer Centre [OCC]) 
in Toronto, Ontario.

Data collection

The pharmacy databases from the BCCA, AHS, PMCC, 
and OCC were queried for all patients who received at 
least one dose of sorafenib for the treatment of advanced 
HCC during the time period between 1 January 2008 
and 30 June 2015. Diagnosis of HCC was made based 
on histologic confirmation or fulfillment of radiologic 
criteria according to the American Association for Study 
of Liver Disease (AASLD) [15, 16]. For each patient, the 
electronic medical record (EMR) was reviewed in order 
to collect patient demographics, clinical data, and treat-
ment characteristics.

Staging was determined based on the most recent radio-
logic imaging prior to receipt of first sorafenib dose. 
Intrahepatic disease was evaluated using triphasic computed 
tomography (CT) or magnetic resonance imaging (MRI) 
of the liver. Tumor characteristics as described by the 
radiology report were collected and analyzed. The CP clas-
sification was used for assessment of hepatic function.

For each patient, all prior treatment modalities were 
recorded. These treatments included surgery, tumor 
embolization (trans-arterial chemombolization [TACE], 
trans-arterial radioembolization [TARE], and bland embo-
lization), tumor ablation (radiofrequency ablation [RFA] 
and alcohol injection), or using stereotactic body radiation 
(SBRT). In addition, information on sorafenib starting 
dose, dosing adjustment, and toxicities was collected and 
will be reported separately. Patients were excluded if they 
did not receive sorafenib or did not have adequate follow-
up information.

Statistical analysis

The baseline characteristics of the study population were 
summarized using descriptive statistics. In order to identify 
independent prognostic factors, univariate analyses were 
performed on all baseline characteristics. Subsequently, 
factors that were significant on univariate analyses 
(P  <  0.1) were used to construct a multivariate Cox 
regression model using a stepwise forward selection 
approach. In this model, patients with less common or 

multiple etiologies for liver diseases were classified into 
one group. OS was defined as the time interval from the 
start of sorafenib therapy to the date of death from any 
cause, with censoring on the date of last follow-up.

Individual scores based on all five staging systems 
(TNM7, BCLC, CLIP, Okuda, and ALBI) were retrospec-
tively derived for each patient based on the pooled clinical, 
radiological, and biochemical data in CHORD.

Three criteria are commonly used to assess the perfor-
mance and utility of staging systems: (1) Homogeneity: 
Patients in the same stage have similar survival, (2) 
Discriminatory ability: Patients in different stages within 
the system have greater differences in their survival, and 
(3) Monotonicity of gradients: Patients in earlier stages will 
always have better survival compared with those with more 
advanced stages [17, 18]. To measure homogeneity, we used 
the likelihood ratio chi-square (LR χ2) in Cox regression 
[19]. Linear trend chi-square, assuming ordinal groups in 
Cox regression, was used to measure the discriminatory 
power of each staging system [20]. Both the LR chi-square 
and linear trend chi-square tests [17, 18] were also used 
to assess the monotonicity of the gradients of survival with 
1 degree of freedom. A higher test statistic with a statisti-
cally significant P-value means the prognostic system is 
better. In addition, model fit statistics using the Akaike 
information criterion (AIC) was used to measure the dis-
criminatory ability because it accounts for model complexity 
and compares between models irrespective of the absolute 
prognostic power of each individual model [21, 22]. A lower 
AIC means that the model is more informative. Cox pro-
portional hazards assumption was assessed through graphical 
approach examining the log–log plots. To further assess the 
predictive and discriminatory power of these prognostic 
scores, we also performed time-dependent receiver operator 
characteristics (ROC) curve survival analysis via the R “tim-
eROC” package, which uses the inverse probability censoring 
weighting (IPCW) method without competing risks [23]. 
A few time points were constructed to produce the time-
specific area under the curve (t-AUC) summaries where a 
higher t-AUC represents better predictive power.

For all analyses, a two-tailed P  <  0.05 was considered 
statistically significant. Statistical analysis was performed 
using SAS v9.4 (SAS, Inc., Cary, NC), R version 3.3.0, 
and SPSS version 24.0.

Results

Description of study population

A total of 681 patients with HCC who received treatment 
with sorafenib were identified and included, of which 643 
had complete data on all five prognostic systems. The 
largest number of patients was from the BCCA (288 
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[42%]), followed by PMCC (215 [32%]), while AHS and 
OCC contributed 155 (23%) and 23 (3%) patients, respec-
tively. Table  2 summarizes the baseline characteristics of 
the patients included in this study. In the entire cohort, 
median age from initiation of sorafenib was 64 (IQR 
58–73) years. Pathologic confirmation of HCC was obtained 
in 60% of patients, 80% were males, and 37% were East 
Asian. Preexisting liver cirrhosis was present in 70% of 
the patients, and most patients (86%) had CP class A at 
the time of sorafenib initiation. The most common etiol-
ogy of liver disease was hepatitis B (HBV), hepatitis C 
(HCV), and alcoholism (34%, 31%, and 23%; respectively). 
Furthermore, 102 (15%) patients had multiple preexisting 
etiologies of whom 66 patients had history of alcohol 
consumption combined with another liver disease. With 
respect to other treatments, the majority of the patients 
(59%) received at least one mode of locoregional therapy 
prior to sorafenib commencement, most commonly TACE, 
liver resection, and ablation (33%, 24%, and 22%, respec-
tively). In contrast, only a minority of patients (22%) 
received antineoplastic treatment following sorafenib ces-
sation irrespective of the reason for discontinuation.

Survival across the prognostic systems

At the time of this analysis, 539 (79%) patients had died. 
The median follow-up was 37.6 (IQR 29.5–41.1) months, 
and the median OS (mOS) for the entire cohort was 9.2 
(95% CI 8–10.4) months. The five systems were analyzed 
using the Kaplan–Meier (KM) method, and the results are 
illustrated in Figure  1. In general, all systems were able to 
stratify patients into different prognostic groups (overall P 
value <0.01). Nonetheless, the performance within each 
model was not universally consistent. For instance, TNM 
was limited in stratifying patients in the more advanced 
stages (stages III and IV). Likewise, CLIP showed overlap 
in survival curves for the intermediate stages (scores 2–4). 
In contrast, the BCLC, Okuda, and ALBI systems showed 

Table 2. Baseline characteristics of HCC patients treated with sorafenib.

Characteristics N = 681 (%)

Age, median (IQR) 64 (58–73)
<60 219 (32)
61–70 239 (35)
>70 223 (33)

Gender
Male 547 (80)
Female 134 (20)

Ethnicity
East Asian 250 (37)
Other 431 (63)

Liver disease etiology
Hepatitis B 229 (34)
Hepatitis C 209 (31)
Alcohol-related 159 (23)
Other 74 (11)
None 112 (16)
Liver cirrhosis 480 (70)

ECOG PS
0/1 595 (87)
2/3 82 (12)
Unknown 4 (1)

Child–Pugh
A 585 (86)
B 92 (13)
C 1 (<1)

T stage
T1/2 225 (33)
T3/4 380 (56)
Unknown 76 (11)

N stage
N0 449 (66)
N1 205 (30)
Unknown 27 (4)

M stage
M0 352 (52)
M1 320 (47)
Unknown 9 (1)

PVT
Yes 272 (40)
No 403 (59)
Unknown 6 (1)

Tumor extension
>50% 206 (30)
<50% 464 (68)
Unknown 11 (2)

Number of tumors
0 40 (6)
1–4 313 (46)
Multifocal 309 (45)
Unknown 19 (3)

Prior treatments number
0 278 (41)
1 221 (32)
2+ 182 (27)

Type
Liver resection 163 (24)
Ablation 148 (22)
TACE 227 (33)

(Continues)

Characteristics N = 681 (%)

TARE 22 (3)
SBRT 37 (5)
Alcohol injection 24 (4)
Transplant 33 (5)

Subsequent treatment
Yes 144 (22)
No 520 (76)
Unknown 17 (2)

ECOG, Eastern Cooperative Group performance status; HCC, hepato-
cellular carcinoma; IQR, interquartile range; PVT, portal vein thrombosis; 
SBRT, stereotactic body radiation; TACE, trans-arterial chemoemboliza-
tion; TARE, trans-arterial radioembolization.

Table 2  (Continued)
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better performance in prognostication across all stages with 
a significant P value for all stage-to-stage comparisons 
(P  <  0.05). Further details on the distribution of patients 
and mOS by stage within each system are summarized in 
Table  3.

Comparison of the performance of 
prognostic systems

All the comparisons between the prognostic systems are 
summarized in Table  4. CLIP followed by Okuda had 
the highest homogeneity and the highest discriminatory 
ability with a significant P value. Monotonicity of gradients 

was maintained within all staging systems, with the excep-
tion of TNM7 (Fig. 1). Using both t-AUC and AIC, CLIP 
and Okuda were ranked highest (t-AUC  =  0.659, 95% 
CI 0.601–0.718 and 0.645, 95% 0.597–0.694, respectively) 
and (AIC  =  5725.76 and 5730.38, respectively). TNM7, 
BCLC, and ALBI ranked lower according to both models. 
Nonetheless, there was no significant difference between 
all five models when assessed using t-AUC.

Predictors of survival

Baseline factors that were included in univariate analysis 
were as follows: age, gender, ethnicity, performance status 

Figure 1. Kaplan–Meier survival curves for each staging system: A (TNM7), B (BCLC), C (CLIP), D (OKUDA), and E (ALBI). TNM7, TNM staging seventh 
edition; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of Liver Italian Program; ALBI, albumin–bilirubin grade.
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(PS) as measured by the Eastern Cooperative Oncology 
Group (ECOG), alpha-fetoprotein (AFP), etiology of liver 
disease, stage, extent of primary tumor, portal vein throm-
bosis (PVT), CP classification, and prior treatment modali-
ties. On multivariate analysis (Table  5), poor PS (ECOG 
2–3) and more extensive liver disease (CP class B or 
involvement of >50% of liver) correlated with a signifi-
cantly higher risk of death (HR 2.01, 95% CI 1.60–2.77; 
HR 1.80, 95% CI 1.37–2.36 and HR 1.32, 95% CI 1.07–1.61, 
respectively). Conversely, PVT and stage were not signifi-
cantly associated with survival. Patients with preexisting 

HCV and alcohol-related liver disease had a lower risk 
of death when compared to no history of liver disease 
(HR 0.61, 95% CI 0.46–0.83 and HR 0.61 95% CI 0.42–0.87, 
respectively). Likewise, prior hepatic resection correlated 
favorably with survival (HR 0.54, 95% CI 0.43–0.69).

Discussion

In this large multicenter study, we examined the role of 
several commonly used staging systems in classifying 
patients with HCC treated with sorafenib in an attempt 
to determine the most informative staging system. When 
compared to each other, CLIP showed superior perfor-
mance in predicting survival. However, the differences 
between the staging systems were modest, and none of 
them emerged as the optimal choice. Finally, additional 
prognostic factors, not included in former models, were 
identified on multivariate analysis and should be consid-
ered when developing future models.

CLIP score is a commonly used system that incorporates 
liver function and tumor characteristics. It has been exter-
nally validated in both East Asian and Western populations 
[18, 22, 24]. When compared to the other models, CLIP 
was the best system in terms of homogeneity within the 

Table 3. Patient distribution and median overall survival according to 
stage at start of sorafenib treatment.

Systems N = 643 (%) mOS months (95% CI)

TNM7 staging
I 18 (3) 9.4 (7.2–17.3)
II 83 (13) 15.1 (10.1–20.9)
III 148 (23) 8.7 (6.5–11.5)
IV 394 (61) 8.4 (7.0–9.6)

BCLC
A 7 (1) 33.2 (7.2–38.9)
B 37 (6) 16.4 (8.6–28.3)
C 591 (92) 8.9 (7.9–10.3)
D 8 (1) 3.7 (1.2–6.9)

CLIP
0 22 (3) 16. 0 (12.3–19.6)
1 163 (25) 13.7 (10.3–17.3)
2 215 (33) 9.1 (7.5–12.1)
3 162 (25) 8.0 (5.5–9.3)
4 66 (10) 4.5 (2.9–6.2)
5 14 (2) 1.8 (0.5–4.5)
6 1 (<1) 8.6

Okuda
1 364 (57) 11.2 (9.6–13.5)
2 272 (42) 6.8 (5.7–8.4)
3 7 (1) 1.5 (0.2–2.9)

ALBI
1 119 (19) 15.6 (13.0–18.4)
2 503 (78) 8.3 (7.0–9.2)
3 21 (3) 6.9 (2.3–12.9)

ALBI, albumin–bilirubin grade; BCLC, Barcelona Clinic Liver Cancer; 
CLIP, Cancer of Liver Italian Program; HCC, hepatocellular carcinoma; 
mOS, median overall survival; TNM7, TNM staging seventh edition.

Table 4. Comparison of staging systems for HCC patients treated with sorafenib using t-AUC at 24 months, AIC, homogeneity (LR χ2), and linear 
trend chi-square tests.

Staging systems Homogeneity (LR χ2) (P value) Linear trend χ2 (P value) t-AUC (95% CI) AIC

CLIP 63.37 (<0.001) 54.26 (<0.001) 0.66 (0.60–0.72) 5725.76
Okuda 50.76 (<0.001) 44.27 (<0.001) 0.64 (0.60–0.69) 5730.38
ALBI 24.40 (<0.001) 23.93 (<0.001) 0.56 (0.51–0.60) 5756.73
BCLC 23.88 (<0.001) 20.09 (<0.001) 0.56 (0.52–0.60) 5759.25
TNM7 11.63 (0.009) 8.44 (0.004) 0.56 (0.50–0.62) 5771.51

AIC, Akaike information criterion; ALBI, albumin–bilirubin grade; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of Liver Italian Program; HCC, 
hepatocellular carcinoma; t-AUC, time-dependent area under the curve; TNM7, TNM staging seventh edition.

Table  5. Independent prognostic factors for overall survival in HCC  
patients treated with sorafenib according to multivariate analysis.

Variables HR 95% CI P value

ECOG PS 2–3 versus 0–1 2.01 1.60–2.77 <0.001
Child Pugh B versus A 1.80 1.37–2.36 <0.001
Etiology of liver disease

None (Reference)
Hepatitis B 0.87 0.64–1.13 0.26
Hepatitis C 0.61 0.46–0.83 0.001
Alcohol-related liver disease 0.61 0.42–0.87 0.006
Other/multiple 0.63 0.45–0.88 0.007

Extent of tumor within the liver
>50% versus <50% 1.32 1.07–1.61 0.008
AFP > ULN 1.47 1.20–1.80 <0.001
Prior hepatic resection 0.54 0.43–0.69 <0.001

AFP, alpha-fetoprotein; ECOG, Eastern Cooperative Group performance 
status; HCC, hepatocellular carcinoma; ULN, upper limit of normal.
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same stage, monotonicity of gradients and had the highest 
predictive ability. This finding is supported by previous 
studies [25, 26] but challenged in another report [27]. 
However, the latter study was limited by a small number 
of patients, and it was restricted to East Asian patients 
with HCC. Nonetheless, CLIP was inadequate in prognos-
ticating patients in the intermediate stages. One explanation 
might be that it lacks assessment of PS. Correlation of 
PS with survival in HCC has been shown in other studies 
[8, 28], and a good PS has been a prerequisite for inclu-
sion in major clinical trials that involved the use of sorafenib 
[2, 3]. Additionally, improving the prognostic ability of 
CLIP by the addition of PS has been suggested [26].

In this study, we demonstrate that TNM was insufficient 
in predicting survival for patients with HCC treated with 
sorafenib, and the majority of patients in this cohort had 
advanced disease (stages III and IV). In addition, KM 
curves showed lack of correlation between stage and sur-
vival. Our findings are consistent with published reports 
on the limited utility of TNM in stratifying patients with 
advanced HCC [25].

BCLC is the most commonly used system in Western 
countries and endorsed by the European Association for 
the Study of the Liver (EASL) [29] and AASLD [30]. 
BCLC provided the best prognostic stratification in mul-
tiple studies, particularly in patients with cirrhosis and 
after radical therapies [17]. In contrast, BCLC was not 
as useful in our cohort possibly because the vast majority 
of patients who received sorafenib had BCLC stage C 
which includes a heterogeneous group of patients with 
CP class A or B, presence of PVT or metastatic disease 
irrespective of the number, nature or extent of the hepatic 
tumors [29]. Previous studies have also shown the limited 
prognostic utility of BCLC in advanced HCC [25, 26], 
and attempts to further stratify stage C have been pub-
lished [31, 32].

Hepatic dysfunction has a critical impact on survival 
in HCC irrespective of stage. Unlike TNM staging, which 
depends purely on anatomic extent of the tumor, the 
ALBI grade belongs on the other end of the spectrum 
and uses only albumin and bilirubin as a measure of 
hepatic function. The use of laboratory parameters reduces 
subjectivity, which is often a criticism of the CP classi-
fication. The ALBI grade, which allocates patients into 
one of three prognostic categories, was initially developed 
in Japanese patients with HCC across all stages. It was 
subsequently validated in multiple geographic locations 
and in different clinical settings, including sorafenib-treated 
patients and those undergoing resections [14]. In our 
cohort, there was a nearly 7-month difference in mOS 
between ALBI grades 1 and 2. Our real-world data show 
similar findings to the original report by Johnson et  al. 
in which clinical trial patients with advanced HCC and 

CP class A who received sorafenib had an almost 6-month 
difference in mOS when classified into “good risk group 
(ALBI grade 1)” and “poorer risk group (ALBI grade 2)” 
[14]. The use of these groups to guide treatment deci-
sions and to stratify patients in clinical trials needs further 
evaluation. Nonetheless, these data suggest that hepatic 
function alone has the most significant impact on survival 
in advanced HCC.

Patients with advanced HCC have poor prognosis, and 
most patients will die within one year of diagnosis. In 
this large multicenter analysis, the mOS was 9.2  months, 
but there are substantial differences in survival estimates 
among different studies. In the two pivotal trials examin-
ing the benefit of sorafenib in patients with, mOS in the 
SHARP trial (10.7  months) [3] was superior to that in 
the Asia–Pacific trial (6.5  months) [2] despite similar 
inclusion and exclusion criteria. Similarly, survival varied 
in other reports [4, 25, 33, 34] which are likely due to 
the heterogeneous nature of this group of patients and 
the differences in patient and disease characteristics across 
different geographic locations and practice settings.

Several independent prognostic variables were identified 
in this analysis. As expected, factors such as PS and liver 
function impairment were strongly associated with the 
risk of death. A system that incorporates assessment of 
the extent of the tumor, the degree of hepatic dysfunc-
tion, and the overall condition of the patient could 
potentially overcome some of the limitations of existing 
systems. Interestingly, while the degree of hepatic dys-
function plays a major role in most prognostic systems, 
only BCLC includes assessment of PS. In fact, the addi-
tion of PS to CLIP might be associated with improvement 
in its discriminatory ability, making it a good candidate 
for designing a new model [25]. Other important factors 
that appeared to have a favorable impact on survival are 
HCV, alcohol-related liver disease, and prior surgical 
resection or ablation. The natural history and response 
to therapy in HCC appear to be influenced by the under-
lying cause of liver disease. HCV-related HCC has been 
correlated with better outcomes compared with other 
subgroups and particularly when compared to HCC caused 
by HBV [4, 5, 35]. HCV core proteins were shown to 
result in constitutive activation of Raf-1 kinase [36], and 
therefore, it has been hypothesized that the antineoplastic 
effects of sorafenib, which blocks the activity of Raf-1 
kinase, are more pronounced in HCV-related HCC. 
However, despite lower OS in HBV-related HCC, these 
patients seem to continue to derive benefit from sorafenib 
therapy [37]. Our study lends further evidence in support 
of stratifying patients according to etiology of liver disease 
in prospective clinical trials of advanced HCC.

Our study has several strengths as well as limitations. 
The main strength is its large multicenter design which 
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included significant numbers of both Western and East 
Asian patients with a variety of liver disease etiologies 
all of whom were treated similarly at different Canadian 
cancer centers. This addressed common limitations in a 
number of published retrospective studies [17, 22, 25, 
27]. A further advantage is that the staging systems were 
evaluated with respect to their performance and overall 
predictive value. Nonetheless, readers should interpret 
the findings in the context of several limitations. First, 
this is a retrospective nonrandomized study and thus 
prone to selection bias. For instance, the majority of 
patients had good PS (88% ECOG 0/1), which could 
lead to overestimation of survival. However, this reflects 
routine practice where sorafenib is more commonly 
offered to patients with good general function. Second, 
our sample is limited to patients treated at cancer cent-
ers and therefore excluded patients not referred for 
medical or logistical reasons. Third, we did not include 
liver enzyme elevations such as increased aminotrans-
ferases (AST and ALT) because these laboratory values 
are not consistently captured in our database. However, 
aminotransferase levels are not helpful in determining 
underlying liver disease, and an elevated AST/ALT ratio 
is more indicative of the presence of liver cirrhosis [38]. 
Finally, continuous improvements in supportive care 
measures and cumulative experience with sorafenib use 
and toxicity could have affected the duration of treat-
ment and survival; however, it is challenging to control 
for such supportive care changes over time in retro-
spectively designed studies.

Conclusions

In HCC patients treated with sorafenib, a system that 
considers all known major prognostic factors is lacking. 
Among five commonly used staging systems, CLIP was 
the most useful in predicting survival while BCLC and 
TNM7 had limited benefit in this population. This analysis, 
although not designed to be a validation study, provided 
real-world evidence to support the use of ALBI grade to 
stratify patients into prognostic risk groups that could be 
used to guide patient counseling and treatment decisions. 
Further, our study showed that the etiology of liver disease 
has a considerable impact on the trajectory of HCC and 
possibly on its response to therapy. Therefore, these fac-
tors should be considered in future prognostic models as 
well as in the design and stratification of patients in future 
randomized clinical trials.

Acknowledgement

 The study was funded by a Tom Baker Cancer Centre 
Clinical Research Unit Grant.

Conflict of Interest

There is no conflict of interest for all the authors.

References

	 1.	 Jemal, A., F. Bray, M. M. Center, J. Ferlay, E. Ward, 

and D. Forman. 2011. Global cancer statistics. CA 

Cancer J. Clin. 61:69–90.

	 2.	 Cheng, A. L., Y. K. Kang, Z. Chen, C. J. Tsao, S. 

Qin, J. S. Kim, et  al. 2009. 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. 10:25–34.

	 3.	 Llovet, J. M., S. Ricci, V. Mazzaferro, P. Hilgard, E. 

Gane, J. F. Blanc, et  al. 2008. Sorafenib in advanced 

hepatocellular carcinoma. N. Engl. J. Med. 359:378–390.

	 4.	 Peixoto, R. D., D. J. Renouf, S. Gill, W. Y. Cheung, 

and H. J. Lim. 2014. Relationship of ethnicity and 

overall survival in patients treated with sorafenib for 

advanced hepatocellular carcinoma. J. Gastrointest. 

Oncol. 5:259–264.

	 5.	 Bruix, J., A. L. Cheng, G. Meinhardt, K. Nakajima, Y. 

De Sanctis, and J. Llovet. 2017. Prognostic factors and 

predictors of sorafenib benefit in patients with 

hepatocellular carcinoma: analysis of Two Phase 3 

Studies. J. Hepatol. 67:999–1008.

	 6.	 Prognostic Scoring System. 2002. McGraw-Hill Concise 

Dictionary of Modern Medicine. Retrieved July 28, 

2017. Available via http://medical-dictionary.

thefreedictionary.com/prognostic+scoring+system.

	 7.	 1998. A new prognostic system for hepatocellular 

carcinoma: a retrospective study of 435 patients: the 

Cancer of the Liver Italian Program (CLIP) 

investigators. Hepatology 28:751–755.

	 8.	 Chevret, S., J. C. Trinchet, D. Mathieu, A. A. Rached, 

M. Beaugrand, and C. Chastang. 1999. A new 

prognostic classification for predicting survival in 

patients with hepatocellular carcinoma. Groupe d’Etude 

et de Traitement du Carcinome Hepatocellulaire. J. 

Hepatol. 31:133–141.

	 9.	 American Joint Committee on Cancer. 2010. American 

Joint Committee on Cancer Staging Manual, 7th, Edge 

SB, Byrd DR, Compton CC, et  al., eds, Springer, New 

York. p.175.

	10.	 Wang, J. H., C. S. Changchien, T. H. Hu, C. M. Lee, 

K. M. Kee, C. Y. Lin, et  al. 2008. The efficacy of 

treatment schedules according to Barcelona Clinic 

Liver Cancer staging for hepatocellular carcinoma 

– survival analysis of 3892 patients. Eur. J. Cancer 

44:1000–1006.

	11.	 Llovet, J. M., C. Bru, and J. Bruix. 1999. Prognosis of 

hepatocellular carcinoma: the BCLC staging 

classification. Semin. Liver Dis. 19:329–338.

http://medical-dictionary.thefreedictionary.com/prognostic+scoring+system
http://medical-dictionary.thefreedictionary.com/prognostic+scoring+system


2824 © 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

H. H. Samawi et al.Prognosis of Sorafenib-Treated HCC Patients

	12.	 2000. Prospective validation of the CLIP score: a new 

prognostic system for patients with cirrhosis and 

hepatocellular carcinoma. The Cancer of the Liver 

Italian Program (CLIP) Investigators. Hepatology 

31:840–845.

	13.	 Okuda, K., T. Ohtsuki, H. Obata, M. Tomimatsu, N. 

Okazaki, H. Hasegawa, et  al. 1985. Natural history of 

hepatocellular carcinoma and prognosis in relation to 

treatment. Study of 850 patients. Cancer 56:918–928.

	14.	 Johnson, P. J., S. Berhane, C. Kagebayashi, S. 

Satomura, M. Teng, H. L. Reeves, et  al. 2015. 

Assessment of liver function in patients with 

hepatocellular carcinoma: a new evidence-based 

approach-the ALBI grade. J. Clin. Oncol. 33:550–558.

	15.	 Bruix, J., and M. Sherman. 2005. Practice Guidelines 

Committee AAftSoLD. Management of hepatocellular 

carcinoma. Hepatology 42:1208–1236.

	16.	 Forner, A., R. Vilana, C. Ayuso, L. Bianchi, M. Solé, 

J. R. Ayuso, et  al. 2008. Diagnosis of hepatic nodules 

20  mm or smaller in cirrhosis: prospective validation 

of the noninvasive diagnostic criteria for hepatocellular 

carcinoma. Hepatology 47:97–104.

	17.	 Marrero, J. A., R. J. Fontana, A. Barrat, F. Askari, H. 

S. Conjeevaram, G. L. Su, et  al. 2005. Prognosis of 

hepatocellular carcinoma: comparison of 7 staging 

systems in an American cohort. Hepatology 

41:707–716.

	18.	 Ueno, S., G. Tanabe, K. Sako, T. Hiwaki, H. 

Hokotate, Y. Fukukura, et  al. 2001. Discrimination 

value of the new western prognostic system (CLIP 

score) for hepatocellular carcinoma in 662 Japanese 

patients. Cancer of the Liver Italian Program. 

Hepatology 34:529–534.

	19.	 Hosmer, D. W., T. Hosmer, S. Le Cessie, and S. 

Lemeshow. 1997. A comparison of goodness-of-fit tests 

for the logistic regression model. Stat. Med. 

16:965–980.

	20.	 Feinstein, A. R. 1972. Clinical biostatistics. XVI. The 

process of prognostic stratification. 2. Clin. Pharmacol. 

Ther. 13:609–624.

	21.	 Forster, M. R. 2000. Key concepts in model selection: 

performance and generalizability. J. Math. Psychol. 

44:205–231.

	22.	 Cho, Y. K., J. W. Chung, J. K. Kim, Y. S. Ahn, M. Y. 

Kim, Y. O. Park, et  al. 2008. Comparison of 7 staging 

systems for patients with hepatocellular carcinoma 

undergoing transarterial chemoembolization. Cancer 

112:352–361.

	23.	 Schmid, M., H. A. Kestler, and S. Potapov. 2015. On 

the validity of time-dependent AUC estimators. Brief. 

Bioinform. 16:153–168.

	24.	 Levy, I., and M. Sherman, Liver Cancer Study Group 

of the University of T. 2002. Staging of hepatocellular 

carcinoma: assessment of the CLIP, Okuda, and 

Child-Pugh staging systems in a cohort of 257 patients 

in Toronto. Gut 50:881–885.

	25.	 Huitzil-Melendez, F. D., M. Capanu, E. M. O’Reilly, 

A. Duffy, B. Gansukh, L. L. Saltz, et  al. 2010. 

Advanced hepatocellular carcinoma: which staging 

systems best predict prognosis? J. Clin. Oncol. 

28:2889–2895.

	26.	 Collette, S., F. Bonnetain, X. Paoletti, M. Doffoel, O. 

Bouché, J. L. Raoul, et  al. 2008. Prognosis of advanced 

hepatocellular carcinoma: comparison of three staging 

systems in two French clinical trials. Ann. Oncol. 

19:1117–1126.

	27.	 Endo, M., H. Nishikawa, R. Kita, T. Kimura, Y. 

Ohara, A. Sakamoto, et  al. 2016. Comparison of five 

staging systems in hepatocellular carcinoma treated 

with sorafenib: a single-center experience. Mol. Clin. 

Oncol. 4:515–522.

	28.	 Yau, T., V. Y. Tang, T. J. Yao, S. T. Fan, C. M. Lo, 

and R. T. Poon. 2014. Development of Hong Kong 

Liver Cancer staging system with treatment 

stratification for patients with hepatocellular carcinoma. 

Gastroenterology 146:1691–1700 e1693.

	29.	 European Association for the Study of the L, European 

Organisation for R, Treatment of C. 2012. EASL-

EORTC clinical practice guidelines: management of 

hepatocellular carcinoma. J. Hepatol. 56:908–943.

	30.	 Bruix, J., and M. Sherman, American Association for 

the Study of Liver D. 2011. Management of 

hepatocellular carcinoma: an update. Hepatology 

53:1020–1022.

	31.	 Adhoute, X., G. Penaranda, J. L. Raoul, J. F. Blanc, J. 

Edeline, G. Conroy, et  al. 2016. Prognosis of advanced 

hepatocellular carcinoma: a new stratification of 

Barcelona Clinic Liver Cancer stage C: results from a 

French multicenter study. Eur. J. Gastroenterol. 

Hepatol. 28:433–440.

	32.	 Yau, T., T. J. Yao, P. Chan, K. Ng, S. T. Fan, and R. T. 

Poon. 2008. A new prognostic score system in patients 

with advanced hepatocellular carcinoma not amendable 

to locoregional therapy: implication for patient selection 

in systemic therapy trials. Cancer 113:2742–2751.

	33.	 Pinter, M., W. Sieghart, F. Hucke, I. Graziadei, W. 

Vogel, A. Maieron, et  al. 2011. Prognostic factors in 

patients with advanced hepatocellular carcinoma treated 

with sorafenib. Aliment. Pharmacol. Ther. 34:949–959.

	34.	 Chiu, J., Y. F. Tang, T. J. Yao, A. Wong, H. Wong, 

R. Leung, et  al. 2012. The use of single-agent 

sorafenib in the treatment of advanced hepatocellular 

carcinoma patients with underlying Child-Pugh B liver 

cirrhosis: a retrospective analysis of efficacy, safety, and 

survival benefits. Cancer 118:5293–5301.

	35.	 Kelley, R. K., and A. P. Venook. 2008. Sorafenib in 

hepatocellular carcinoma: separating the hype from the 

hope. J. Clin. Oncol. 26:5845–5848.



2825© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Prognosis of Sorafenib-Treated HCC PatientsH. H. Samawi et al.

	36.	 Giambartolomei, S., F. Covone, M. Levrero, and C. 

Balsano. 2001. Sustained activation of the Raf/MEK/

Erk pathway in response to EGF in stable cell lines 

expressing the Hepatitis C Virus (HCV) core protein. 

Oncogene 20:2606–2610.

	37.	 Bruix, J., J. L. Raoul, M. Sherman, V. Mazzaferro, L. 

Bolondi, A. Craxi, et  al. 2012. Efficacy and safety of 

sorafenib in patients with advanced hepatocellular 

carcinoma: subanalyses of a phase III trial. J. Hepatol. 

57:821–829.

	38.	 Giannini, E., F. Botta, A. Fasoli, P. Ceppa, D. Risso, 

P. B. Lantieri, et  al. 1999. Progressive liver functional 

impairment is associated with an increase in AST/ALT 

ratio. Dig. Dis. Sci. 44:1249–1253.


