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Abstract

Background & Aims: There have been no established predictive factors of
responders to sorafenib in patients with unresectable hepatocellular carci-
noma (HCC). This study aimed to investigate the factors predicting a good
response to sorafenib in Japanese patients with HCC. Methods: A total of
465 patients with unresectable HCC in the Japanese Red Cross Liver Study
Group were treated with sorafenib between January 2008 and August 2013,
and 316 patients with sufficient clinical data were analysed. To determine the
factors predicting a good response, the relationships between radiological
response and the following clinicopathological factors were analysed: age,
gender, performance status, liver function, tumour status and decrease in
serum alpha-foetoprotein (AFP) level after 1 month. Results: This study
included 259 males and 57 females with a median age of 70 years (range, 37—
90 years), of which 191 (60.4%) were classified as Barcelona Clinic Liver
Cancer stage C, and 271 (85.8%) had Child-Pugh class A liver function. The
median overall survival time was 307 days and progression-free survival time
was 109 days. According to the modified Response Evaluation Criteria In
Solid Tumours, four patients achieved a complete response, 51 achieved a
partial response, 136 had stable disease and 125 had progressive disease. Mul-
tivariate analysis identified female gender (P = 0.003) and decreased serum
AFP level after 1 month (P = 0.042) as independent predictors of a complete
or partial response. Conclusion: Our results suggest female gender and a
decrease in serum AFP level are independent predictors of good response to
sorafenib.

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. Depending on
tumour status and liver function, therapy for HCC may
include surgical resection, liver transplantation, trans-
catheter arterial chemoembolization (TACE), percuta-
neous radiofrequency ablation, percutaneous ethanol
injection and molecular-targeted therapy (MTT). The
prognosis of HCC patients who do not undergo radical
treatment remains very poor, and HCC is the third most
common cause of cancer-related death (1-3).

Although systemic chemotherapy was not shown to
be effective for the treatment of advanced HCC for
several decades, two randomized studies showed that
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sorafenib was effective for the treatment of unresectable
HCC, and MTT with sorafenib is now approved for
use as first-line systemic chemotherapy in these patients
(4-6). Although many clinical trials of molecular target-
ing agents other than sorafenib have been performed,
no trials to date have demonstrated that any of these
agents have superior efficacy compared with sorafenib
for the treatment of unresectable HCC (7-9). Sorafenib
is therefore the only agent currently available for the
treatment of unresectable HCC in clinical practice.
However, only a small proportion of patients achieve a
good response to sorafenib. Less than 5% of patients
treated with sorafenib in the Sorafenib HCC Assessment
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Responders to sorafenib in HCC

Randomized Protocol (SHARP) trial (4) achieved a par-
tial response (PR) according to the Response Evaluation
Criteria In Solid Tumours (RECIST) (10), and we have
rarely experienced patients with unresectable HCC who
achieved a complete response (CR) to sorafenib therapy
(11). Furthermore, sorafenib monotherapy is very
expensive, and its cost effectiveness has often been dis-
cussed (12, 13). Identification of biomarkers that can
predict the response to sorafenib is therefore important.
Although several studies have investigated the factors
associated with the response to sorafenib (14-23), the
factors predicting a favourable response remain unclear.
Llovet et al. studied the levels of biomarkers including
plasma angiopoietin-2 and vascular endothelial growth
factor in a subgroup analysis of the SHARP trial, and
concluded that none of the biomarkers tested were sig-
nificant predictors of the response to sorafenib (14).
Thus, we conducted this large multicenter study to
investigate the factors predicting a good response to
sorafenib therapy in patients with unresectable HCC.

Methods
Patients

A total of 465 patients with unresectable HCC in the
Japanese Red Cross Liver Study Group were treated with
sorafenib between June 2008 and August 2013. Patients
received sorafenib therapy according to the inclusion
and exclusion criteria demonstrated in SHARP trial (4).
Although sorafenib is not generally recommended for

All patients, n = 465
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patients with Child-Pugh class B or C liver function
because of the high risk of serious adverse events, some
of these patients with no other effective therapeutic
options were given sorafenib according to the decision
of their attending physician after a full explanation of
the potential risks.

Of the 465 patients, the following were excluded from
this study: (i) patients with insufficient pretreatment
clinical data (n = 34); (ii) patients who discontinued
sorafenib within 1 month (n = 43); and (iii) patients
who did not undergo assessment of the therapeutic
effectiveness of sorafenib by dynamic CT (n = 41) and
serum alpha-foetoprotein (AFP) level at 1-2 months
after the initiation of therapy (n = 31). The remaining
316 patients with sufficient available data were analysed
in this study (Fig. 1).

Diagnosis of HCC

All patients underwent dynamic CT and/or ultrasonog-
raphy of the liver before the initiation of sorafenib ther-
apy. A lesion was considered to have typical findings for
HCC if dynamic CT showed a blush on the early-phase
scan and a defect on the late-phase scan. HCC was also
diagnosed by measurement of serum tumour marker
levels, including AFP (normal range, <10 ng/ml) and
des-gamma-carboxy prothrombin (DCP) (normal range,
<40 mAU/ml). Some patients with atypical tumours
underwent ultrasound-guided tumour biopsy for histo-
logical confirmation of HCC, after giving written
informed consent.

Exclusion criteria

Patients with insufficient pretreatment data,
n=34

Patients who discontinued sorafenib therapy
within 1 month, n=43

A 4

Patients without dynamic CT data for any reason,
n=41

Patients without serum AFP level at 1 month
after the initiation of sorafenib therapy, n = 31

Patients with sufficient available data,

n=316
& A 4 ‘L ¢
CR, n=4 PR, n=51 SD, n=136 PD, n=125
L J J
Responders Non-Responders

Fig. 1. Flow chart showing the inclusion and exclusion criteria for patient selection. Among 465 patients with HCC treated with sorafenib,
149 were excluded as shown in the chart and the remaining 316 with sufficient available data were included in this study. CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease.
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Sorafenib therapy

The recommended initial dose of sorafenib for the treat-
ment of HCC is 400 mg twice a day (4-6). The initial
dose of sorafenib was determined according to factors
such as body weight, BMI, age, comorbid diseases, East-
ern Cooperative Oncology Group Performance Status
(ECOG-PS) (24), and liver function regarding previous
reports (25-27). In patients who developed sorafenib-
related adverse events, the sorafenib dose was reduced at
the discretion of the attending physician. Sorafenib ther-
apy was continued until disease progression, unaccept-
able drug-related toxicity or the patient’s decision to
discontinue treatment.

After discontinuing sorafenib, patients potentially
able to tolerate other anticancer therapies received sys-
temic chemotherapy, TACE or transcatheter arterial
infusion chemotherapy depending on their ECOG-PS,
tumour status and liver function. Some patients entered
ongoing clinical trials of second-line chemotherapy.

Study protocol

This study retrospectively analysed patient records at
each participating hospital. This study protocol was
approved by the ethics committee of each hospital.
Written informed consent was obtained from each
patient prior to sorafenib therapy. This study protocol
complied with all provisions of the Declaration of
Helsinki.

The radiological data were collected for all patients,
and the objective response rate (ORR) for all patients
was calculated. The response to sorafenib was evaluated
every 4-8 weeks using the modified RECIST (mRE-
CIST) (28) and/or tumour marker levels. ORR was
defined as the percentage of analysed patients who
achieved a CR or PR according to mRECIST. The rela-
tionships between the radiological response and the
following clinicopathological factors were examined:
age, gender, body weight, ECOG-PS, antitumour thera-
pies prior to sorafenib such as surgery or TACE, results
of blood test including aspartate aminotransferase level,
alanine aminotransferase level, alkaline phosphatase
level, gamma-glutamyl transpeptidase (YGTP) level, lac-
tate dehydrogenase (LDH) level, haemoglobin level,
platelet count, albumin level, total bilirubin level and
cholinesterase level, ascites, tumour factors including
portal vein invasion, tumour burden, lung metastasis,
bone metastasis, serum tumour marker levels, and a
>20% decrease in the serum AFP level at 1 month after
the initiation of sorafenib therapy. All ultrasound-
guided tumour biopsy specimens were stained with hae-
matoxylin and eosin, and the degree of differentiation
was determined by a single pathologist at each hospital
according to Edmondson’s classification (29). The rela-
tionship between the degree of tumour differentiation
and the radiological response to sorafenib therapy was
analysed.

Liver International (2014)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Responders to sorafenib in HCC

Statistical analysis

Categorical variables were analysed using Chi-square test
and Fisher’s exact test. Continuous variables were analysed
using the unpaired f test, if appropriate. Overall survival
(OS) curves were generated using the Kaplan—-Meier
method and compared using the log-rank test. OS was
calculated from the initiation of sorafenib therapy until
death from any cause or the last follow-up. Progression-
free survival (PFS) was calculated from the initiation of
sorafenib therapy until the diagnosis of disease progres-
sion or death from any cause. Factors predicting a
response to therapy were identified by multivariate logistic
regression analysis, including all factors with P < 0.2 on
univariate analyses. Data were analysed using SPSS (ver-
sion 21.0; SPSS, Chicago, IL, USA). Two-tailed P values of
<0.05 were considered statistically significant.

Results
Baseline characteristics

The baseline characteristics of all 465 patients and of the
316 analysed patients with sufficient available data are
shown in Table 1. This study population included 259
males and 57 females with a median age of 70 years
(range, 37-90 years). Of these, 191 patients (60.4%) were
classified as BCLC stage C and 119 (37.7%) as BCLC
stage B. Fifty patients had hepatitis B virus infection, 178
had hepatitis C virus infection, two had both hepatitis B
and C virus infection, and the remaining 86 did not have
hepatitis virus infection. The background liver diseases
included autoimmune hepatitis, alcoholic cirrhosis, and
non-alcoholic steatohepatitis. Liver function was Child-
Pugh class A in 271 patients (85.8%) and Child-Pugh
class B in 43 (13.6%). Most patients had received previ-
ous therapy for HCC, including one or more sessions of
TACE, percutaneous radiofrequency ablation or percuta-
neous ethanol injection, and surgery (Table 1).

The median duration of sorafenib therapy was
133 days (range, 28—1211 days). The reason for discon-
tinuation of therapy was disease progression in about
half of the cases and adverse events including drug-
related side effects in the other half.

Treatment response

According to mRECIST, four patients achieved a CR, 51
achieved a PR, 136 had stable disease (SD) and 125 had
progressive disease (PD). The ORR (proportion who
achieved PR or CR) was 17.4% (55/316), and the disease
control rate (DCR; proportion who achieved CR, PR or
SD) was 60.4% (191/316).

OS, PFS and causes of death

The Kaplan—Meier curves for OS and PFS are shown
in Fig. 2. The median OS time was 307 days and the
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Table 1. Baseline characteristics of patients
All patients Analysed patients
Variable (n = 465) (n =316) P
Age (years) 71(37-90) 70 (37-90) 0.877*
Gender Male/Female 376/89 259/57 0.3861
Body weight (kg) 58.4 (30-110) 57.5(30-110) 0.580*
Body mass index (kg/mz) 22.5(13.7-42.2) 22.7(13.7-42.2) 0.887*
Aetiology of liver disease Hepatitis B 70 50 0.998%
Hepatitis C 267 178
No hepatitis B/C 123 86
Hepatitis B and C 5 2
BCLC stage A/B/C/D 4/163/295/3 4/119/191/2 0.801%
Tumour invasion into portal vein Present/Absent 110/355 69/247 0.603t
ECOG-PS 0/1/2 350/101/14 251/60/5 0.280%
Child-Pugh classification A/B/C 377/85/3 271/43/2 0.253%
Pretreatment AFP level (ng/ml) 137.5(1.9-1 460 000) 149 (1.7-270 300) 0.192*
Pretreatment DCP level (mAU/ml) 651 (9-1 685 300) 524 (9-847 000) 0.268*
Previous therapies for HCC
TACE yes/no 391/74 276/40 0.2171
RFA or PEI yes/no 232/233 165/151 0.560%
Surgery yes/no 92/373 65/251 0.7867

*Unpaired t test.
+Fisher’s exact test.
Data are the number or median (range).

AFP, alpha-foetoprotein; BCLC, Barcelona Clinic Liver Cancer; DCP, des-gamma-carboxy prothrombin; ECOG-PS, Eastern Cooperative Oncology
Group performance status; HCC, hepatocellular carcinoma; PEI, percutaneous ethanol injection; RFA, radiofrequency thermal ablation; TACE, trans-

catheter arterial chemoembolization.
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Fig. 2. Kaplan-Meier curves for (A) overall survival (OS) and (B)
progression-free survival (PFS) of the patients included in this study
(n = 316). The median OS time was 307 days and the median PFS
time was 109 days.
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1- and 3-year OS rates were 45% and 5% respectively. The
median PES time of all analysed patients was 109 days.
The mean observation period was 315 days. A total of 223
deaths and 291 cases of disease progression were observed
during the observation period. The cause of death was
HCC-related in 78% of cases (179/229). The other causes
of death were liver failure (26 cases), other conditions
such as pneumonia (12 cases), and unknown (12 cases).

Complete response in four patients

Four patients in this study achieved a CR according to
mRECIST. The clinical characteristics of these four
patients are shown in Table 2. Three patients had multi-
ple intrahepatic nodules, and achieved complete disap-
pearance of intratumoural vascularity after sorafenib
therapy. The other patient (Case 4) had multiple lung
metastases, all of which completely disappeared after
4 months of sorafenib therapy. It took longer than
2 months for the serum AFP level to normalize in three
patients. All four patients achieved long-term survival.

Predictive factors for a good response to sorafenib therapy

Univariate analyses showed that female gender, lower
DCP level, normal LDH level and >20% decrease in
AFP level were significantly associated with higher ORR
(P =0.003, 0.018, 0.048 and 0.029, respectively), and
that a pretreatment total bilirubin level <1.0 mg/dl and
YGTP level <80 IU/L tended to be associated with
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Table 2. Characteristics of HCC patients who achieved a CR

Responders to sorafenib in HCC

Case 1 Case 2 Case 3 Case 4
Age/Gender 79/male 81/female 45/female 77/female
Aetiology HCV No HBV or HCV HBV HCV
ECOG-PS 0 0 0 0
Pretreatment Child-Pugh score 5 5 5 6
BCLC stage B B B C
Previous therapies TACE, RFA TACE, RFA TACE, RFA TACE, RFA, surgery
Reason for introduction of sorafenib Refractory to TACE ~ Refractory to TACE  Refractory to TACE ~ Lung metastases
Initial dose of sorafenib (mg/day) 400 400 400 400
Duration of sorafenib therapy (day) 962 526 272 95
Reason for discontinuation of sorafenib Continued Progressive disease Continued Liver damage
Serum AFP level (pretreatment/minimum) 8.8/3.9 114/8 370/9.4 6952/6.3
Time to normalization of serum AFP level(day) - 90 76 120
Major radiological change in CT scan Complete Complete Complete Disappearance
disappearance disappearance disappearance of all lung
of intratumoural of intratumoural of intratumoural metastases
vascularity vascularity vascularity
Observation period (day), alive or dead 962, alive 621, dead 541, alive 1128, alive

AFP, alpha-foetoprotein; BCLC, Barcelona Clinic Liver Cancer; CR, complete response; CT, computed tomography; ECOG-PS, Eastern Cooperative
Oncology Group performance status; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; RFA, radiofrequency thermal

ablation; TACE, transcatheter arterial chemoembolization.

higher ORR (P = 0.071 and 0.054, respectively) (Fig. 3;
Table 3). The ORR was 14.3% (37/259) for males and
31.6% (18/57) for females (P = 0.003) (Fig. 3A).

Multivariate analysis including the eight factors with
P < 0.2 on univariate analyses identified female gender
[odds ratio (OR), 2.876; 95% confidence interval (CI),
1.350-6.123; P = 0.001] and a >20% decrease in AFP
level (OR, 1.982; 95% CI, 1.026-3.829; P = 0.042) as
independent predictors of higher ORR. The P values,
ORs, and 95% ClIs for the other five factors with P < 0.1
on univariate analyses are shown in Table 3.

Clinical characteristics according to gender

Multivariate analysis showed that female gender was a
significant predictor of ORR. We therefore further analy-
sed our data according to gender (Table 4). Females were
significantly older and weighed significantly less than
males. Females also tended to have a worse ECOG-PS
and lower initial dose of sorafenib than males. There were
no significant differences in pretreatment blood test
results between males and females. Analysis of adverse
events showed that the rate of hand-foot syndrome,
which is a major sorafenib-related adverse event, was not
significantly different between males and females [55.6%
(144/259) vs. 57.9% (33/57), P = 0.770]. The median
duration of sorafenib therapy was almost the same in
males and females (132 days vs. 147 days, P = 0.961). OS
and PFS were not significantly different between males
and females (P = 0.227 and 0.887 respectively) (Fig. 4).

Degree of tumour differentiation

Sixty-two biopsy specimens were obtained from 62
patients before the initiation of sorafenib therapy.
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Histological examination showed that 25 cases were
Edmondson grade I (Ed. I), 23 were Ed. II and 14 were
Ed. III. The number of patients with best tumour
response of CR/PR/SD/PD was 1/6/13/5 in Ed I, 0/4/7/
12 in Ed. I and 0/2/4/8 in Ed. III respectively. The DCR
was significantly higher in patients with Ed. I disease
than in other patients [80.0% (20/25) vs. 45.9% (17/37),
P = 0.009]. In this small subgroup, no other factors
showed a significant association with disease control on
univariate analyses, and multivariate analysis was there-
fore not performed. There was no significant association
between the degree of tumour differentiation and ORR.

Tumour response according to the initial dose of
sorafenib

The initial dose of sorafenib was reduced in 186 patients
(55.9%) for the reasons described above (reduced-dose
group), to 600 mg per day in two patients, 400 mg per
day in 173 patients, and 200 mg per day in 11 patients.
In this reduced-dose group, CR was achieved in four
patients, PR in 28, SD in 75 and PD in 79. In patients
who received an initial dose of 800 mg/day, CR was
achieved in 0, PR in 23, SD in 57 and PD in 50. The
ORR and DCR were almost the same in these two
groups [ORR: 17.2% (32/186) vs. 17.7% (23/130),
P = 0.999; DCR: 57.5% (107/186) vs. 61.5% (80/130),
P = 0.765].

Subgroup analyses according to BCLC stage and
child-pugh class

We performed subgroup analyses according to BCLC
stage. ORR and DCR of BCLC-B patients was 15% (22/
119) and 69% (83/119), and only female gender was
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