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Abstract

AIM: To determine significant indicators for the efficacy
of sorafenib in patients with advanced hepatocellular
carcinoma (HCC).

METHODS: A total of 46 patients with Barcelona Clinic
Liver Cancer stage C who received sorafenib for more
than 30 d at the Iizuka Hospital from June 2009 to De-
cember 2012 were enrolled in this study. Multivariate
and univariate analyses were performed to evaluate the
associations of hepatic function according to Child-Pugh
grade, location and size of the largest tumor and ad-
verse events of sorafenib treatment, such as hand-foot
syndrome (HFS), hypertension, diarrhea, and alopecia,
with the efficacy of treatment, as measured by overall
survival (OS) and time to progression (TTP).

RESULTS: Patients included 39 men and 7 women
whose ages ranged from 48 to 85 years (70.6 £ 9.6
years). HCC was classified according to etiology as fol-
lows: hepatitis C virus (7 = 26), hepatitis B virus (7 =
9), and other (7 = 11). Liver function in patients was
categorized as Child-Pugh grade A (7 = 30) or B (7 =
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16). Tumors were categorized by size [< 5 cm (7 =
33) or >5 cm (7 = 13)] and the location of the larg-
est tumor was used to categorize patients with intra-
hepatic (7 = 28) or extrahepatic (7 = 18) HCC. HFS,
hypertension, diarrhea, and alopecia were present in
22 (47.8%), 19 (41.3%), 15 (32.6%) and 7 patients
(15.2%), respectively. The median OS of all patients
was 373 d and the median TTP was 112 d. The etiol-
ogy of HCC did not correlate with the median OS and
TPP. The median OS of patients with tumors < 5 cm
was significantly longer than those with larger tumors
(496 vs 245 d; HR = 0.19, 95%CI: 0.07-0.48; P <
0.01). According to the results of a multivariate analy-
sis, the size of the largest tumor affected OS (HR =
0.22, 95%CI: 0.08-0.59; P < 0.01). The median TTP
was significantly longer in patients with extrahepatic
compared to intrahepatic major HCC (224 vs 98 d; HR
= 0.32; 95%CI: 0.14-0.67; P < 0.01). The median
TTP of patients with HFS was significantly longer than
those without it (195 d vs 83 d; HR = 0.41, 95%CI:
0.20-0.82; P < 0.05), and the median TTP was signifi-
cantly longer in patients with hypertension (195 d vs
84 d; HR = 0.43, 95%CI: 0.21-0.84; P < 0.05). Ac-
cording to the results of the multivariate analysis, ex-
trahepatic major HCC (HR = 0.36, # < 0.01) and HFS
(HR = 0.44, P < 0.05) prolonged TTP.

CONCLUSION: Extrahepatic major HCC and HFS are
associated with prolonged TTP and are useful indicators
for judging the efficacy of sorafenib treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hand-foot syndrome; Hepatocellular car-
cinoma; Indicator of efficacy; Sorafenib; Time to pro-
gression

Core tip: Clinical factors influencing the efficacy of
sorafenib for treating patients with advanced hepato-
cellular carcinoma (HCC) were evaluated in this study.
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As only the size of the largest tumor correlated signifi-
cantly with overall survival, analyses were focused on
factors affecting time to progression (TTP). Sorafenib
was more effective for treating patients with extrahe-
patic compared to intrahepatic advanced HCC. The oc-
currence of hand-foot syndrome as an adverse event
significantly correlated with increased TTP and may
therefore be a useful indicator for adjusting the dose of
sorafenib to improve its effectiveness and the health-
related quality of life of patients with advanced HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, developing in more than one million
new patients each year worldwide, and is the fifth most
common cancer and the third most common cause of
cancer-related death"”. The Barcelona Clinic Liver Cancer
staging system (BCLC)™ is widely used to assist in the
selection of HCC treatment, which is determined by the
tumor characteristics, such as size, number, and pres-

ence of vascular invasion or extrahepatic metastasis, as
well as by the patient’s hepatic function and performance
status. Curative treatments, including surgical resection
and radiofrequency ablation, are considered for patients
with eatly stage HCC (solitary tumor < 5 cm or as many
as three nodules < 3 cm in diameter) and well-preserved
hepatic function™. Advanced HCC can be treated with
sorafenib, an orally administered inhibitor of multiple
protein kinases, such as c-Raf, B-Raf, mitogen-activated
protein kinase kinase, extracellular signal regulated ki-
nase, and vascular endothelial growth factor™. Sorafenib
induces apoptosis of tumor cells and inhibits tumor an-
giogenesis'”. The phase III Sorafenib HCC Assessment
Randomized Protocol (SHARP) trial demonstrated that
median overall survival (OS) and time to progression
(TTP) of patients with advanced HCC is improved with
sorafenib compared with placebo!™. Sorafenib is therefore
the recommended first-line treatment for patients with
BCLC stage C HCC™,

Despite the success of sorafenib for the treatment of
advanced HCC"™", significant predictive factors for its
efficacy are not available. Sorafenib treatment induces ad-
verse events such as diarrhea, hand-foot syndrome (HES)
and hypertension!
correlate with tumor control™”, Although some adverse
events may predict efficacy or indicate a need for dose
adjustment, there are no standard guidelines to follow!™ ",
The aim of the present study was to determine the fac-
tors that influence the efficacy of sorafenib according to

8,12 . .
|, Moreover, eatly skin reactions

Baishidenge ~ WJG | www.wjgnet.com

12582

the Child-Pugh tumor grade™” at the beginning of treat-
ment, the location and the size of the largest tumor, and
common adverse events such as HES, hypertension, diat-
rhea, and alopecia.

MATERIALS AND METHODS

Patients

Eighty patients with advanced HCC were treated with
sorafenib at the lizuka Hospital from June 2009 to De-
cember 2012. Of these, 46 patients with BCLC stage C
HCC who were treated with sorafenib for more than 30
d were enrolled. Patients included 39 men and 7 women
with an average age of 70.6 £ 9.6 years (range: 48-85
years). The Ethics Committee of lizuka Hospital ap-
proved this study.

Treatment and evaluations

At the beginning of treatment, patients were adminis-
tered 800 mg (11/46; 23.9%), 400 mg (25/46; 54.3%), ot
200 mg (10/46; 21.8%) of sorafenib each day. Adverse
events were evaluated according to the United States Na-
tional Cancer Institute’s Common Terminology Criteria
for Adverse Events version 4.0 (palmar-planter erythro-
dysesthesia syndrome was defined as HFS). The dose of
sorafenib was then adjusted between 200-800 mg accord-
ing to the degree of adverse events and each patient’s tol-
erance. When grade 3 adverse events occurred, treatment
was temporarily discontinued and resumed after improve-
ment to < grade 2. The efficacy of treatment was evalu-
ated from results of dynamic computed tomography or
magnetic resonance imaging scans performed at intervals
of six weeks, and by OS and TTP according to the modi-
fied Response Evaluation Criteria In Solid Tumors (RE-
CIST) criteria'"”,

Statistical analysis

Statistical analyses were performed using JMP software
(version 8.0.2; SAS Institute Inc., Cary, NC, United
States). OS and TTP were estimated using Kaplan-Meier
analysis of subcategories according to etiology of liver
cirrhosis, Child-Pugh grade, size and location of the
largest tumor, and adverse events. Cox proportional haz-
ards models were used to estimate the hazard ratio (HR)
and 95%CI for each group. Data are presented as me-
dian values. A P value < 0.05 was considered statistically
significant.

RESULTS

Characteristics of patients and treatment outcomes

At the beginning of treatment, patient liver function was
designated as Child-Pugh grade A (CP-A) (» = 30) or
B (CP-B) (» = 16). The major sites of HCC were intra-
hepatic (7 = 28) or extrahepatic (#» = 18), and etiologies
were described as from hepatitis C virus (# = 20), hepati-
tis B virus (# = 9), or other (# = 11). Patients were divid-
ed into two groups according to the diameter of the larg-
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Table 1 Incidence of adverse events

NTC-CTCAE grade' (1/2/3/4/5)

Hand-foot syndrome 12/7/3/0/0
Hypertension 12/7/0/0/0
Diarrhea 10/5/0/0/0
Alopecia 7/0/-/-/-

'The highest grade of adverse events was described. NTC-CTCAE:
National Cancer Institute’s Common Terminology Criteria for Adverse

Events.
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Figure 1 Overall survival and time to progression. A: Overall survival; B:
Time to progression of all patients enrolled in this study was estimated using
Kaplan-Meier analysis.

est tumor: < 5 cm (Tmax < 5; # = 33) and > 5 cm (Tmax
> 5; n = 13). The most frequent adverse event was HIS,
which occurred in 22 patients (47.8%). Hypertension,
diarrhea, and alopecia occurred in 19 (41.3%), 15 (32.6%),
and 7 patients (25.2%), respectively (Table 1). Median OS
and TTP were 373 and 112 d, respectively, for all patients

(Figure 1).

Factors contributing to OS

Results show that the median OS did not correlate with
the etiology of HCC (Figure 2A). However, the median
OS of CP-A patients was significantly longer than those
with CP-B (462 d »s 242 d; P < 0.01) (Table 2). Further-
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Figure 2 Hepatocellular carcinoma etiology in relation to overall survival
and time to progression. A: Overall survival (OS); B: Time to progression (TTP)
were analyzed according to the etiology of hepatocellular carcinoma (HCC).
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

more, the median OS of patients with Tmax < 5 was sig-
nificantly longer than those with Tmax > 5 (496 d »s 245 d;
P < 0.01), and a multivariate analysis indicated that tumors
> 5 cm significantly affected OS (P < 0.01) (Table 2).

Factors contributing to TTP

The etiology of HCC was not associated with the median
TTP (Figure 2B). Median TTP also did not differ between
patients with CP-A or CP-B grade liver function (113 d
vs 104 d) (Figure 3A, Table 3). However, the median TTP
of patients with extrahepatic major HCC was significantly
longer compared with those with intrahepatic major HCC
(224 d »s 98 d; P < 0.01) (Figure 3B), which was also sig-
nificant by a multivariate analysis (P < 0.01) (Table 3). Tu-
mor size was not associated with TTP, with no significant
difference between patients with Tmax < 5 and Tmax > 5
(112 25 98 d) (Figure 3C, Table 3).

The median TTP of patients with HES was signifi-
cantly longer when compared with those without it (195
d »s 83 d; P < 0.05) (Figure 3D, Table 3). In addition,
patients with hypertension had a significantly longer TTP
compared to those without (195 d »s 84 d; P < 0.05) (Fig-
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Table 2 Cox proportional hazards model analysis of overall

survival

Variable Univariate Multivariate
HR (95%CI) P HR (95%CI) P

Child-Pugh grade

A 0.26 (0.13-0.70) 0.0062" 0.42 (0.17-1.04) 0.0594

B 1.00 1.00
Major HCC

Intrahepatic 1.00 1.00

Extrahepatic ~ 0.39 (0.13-0.97) 0.0430° 0.57 (0.18-1.52) 0.2757
Largest tumor

<5cm 0.19 (0.07-0.48) 0.0007* 0.22 (0.08-0.59) 0.0030"

>5cm 1.00 1.00
Hand-foot syndrome

- 1.00 1.00

+ 0.36 (0.15-0.80) 0.0119° 0.63 (0.24-1.62) 0.3481
Hypertension

- 1.00 1.00

+ 0.40 (0.16-0.93) 0.0321° 0.69 (0.24-1.76)  0.4441
Diarrhea

- 1.00

+ 0.61 (0.41-1.36) 0.4644
Alopecia

- 1.00

+ 0.49 (0.13-1.36) 0.1794

CI: Confidence interval; HCC: Hepatocellular carcinoma; HR: Hazard
ratio. “P < 0.05 vs control.

ure 3E, Table 3). However, median TTP did not differ in
patients with or without diarrhea (113 d »s 112 d) (Figure
3F), or in patients with or without alopecia (102 d »s 112 d)
(Figure 3G). Moreover, a univariate analysis showed that
the median TTP did not differ significantly among pa-
tients receiving 200, 400, or 800 mg of sorafenib per day
at the beginning of the treatment (95 d, 112 d, and 102 d,
respectively) (Figure 4).

Comparison of clinical factors by location of major HCC
Clinical factors were compared between patients with
intrahepatic and extrahepatic major HCC (Table 4). The
median diameter of the largest tumor was significantly
larger in patients with intrahepatic major HCC compared
to those with extrahepatic major HCC (P < 0.01). Portal
invasion of HCC was also more frequently observed in
patients with intrahepatic major HCC (P < 0.01). How-
ever, patient age or sorafenib dose were not correlated
with location of major HCC.

DISCUSSION

Results of the SHARP trial demonstrated that sorafenib
was the first agent to improve the median OS and TTP
of patients with advanced HCC"™. The present study
evaluated the impact of clinical factors on the efficacy
of sorafenib for treating patients with BCLC stage C
HCC. The median OS of patients was 373 d, which is
comparable to the median OS of 10.5 mo reported in the
SHARP trial. Multivariate analysis showed that the size
of the largest tumor was the only factor that correlated
significantly with OS, though CP-A was associated with a
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prolonged OS according to a univariate analysis. Hepatic
function affects OS!'”, consistent with untreated or non-
surgical HCC". In contrast to OS, Child-Pugh grade was
not associated with TTP, suggesting that hepatic function
at the beginning of treatment did not determine the ef-
fect of sorafenib.

As previous reports indicated that the health-related
quality of life (HRQoL) of patients with HCC gradually
worsens because of the development of new symptoms
as the disease progresses'" ", this study focused on fac-
tors that might influence TTP. The results suggest that
sorafenib is more effective in patients with extrahepatic
major HCC than in those with intrahepatic major HCC.
It is possible that different mechanisms of angiogenesis
are involved in the progression of intrahepatic lesions
and extrahepatic metastases. For example, many intrahe-
patic lesions ate adequately supplied with blood by the
hepatic arterial system, which primarily feeds liver tissue.
However, vigorous de novo angiogenesis is required for the
growth of metastatic tumors”". Thus, the progression of
extrahepatic metastases likely requires greater angiogenic
activity to provide sufficient blood flow, allowing for a
more evident anti-angiogenic effect of sorafenib. More-
over, patients with intrahepatic major HCC had larger in-
trahepatic tumors and more frequent portal invasion than
those with extrahepatic major HCC. As a result, hepatic
arterial blood flow may have been increased, attenuating
the efficacy of sorafenib.

Univariate analyses of the adverse events caused by
sorafenib indicated that HFS and hypertension correlated
significantly with TTP. Moreover, HFS was found to
significantly affect TTP by a multivariate analysis. HFS
is a frequent and typical form of dermatologic toxicity
associated with multi-targeted kinase inhibitors (MKIs)
such as sorafenib and sunitinib™*, Although the precise
mechanism by which MKIs cause HES is unknown, the
anti-angiogenic activity of MKIs may inhibit vascular re-
pair mechanisms in high-pressure areas such as the palms
and soles, which are repeatedly exposed to subclinical
trauma'™. These observations provide a possible rationale
for concluding that HFS predicts a good response to the
anti-angiogenic activity of sorafenib. Although the severe
symptoms of HES are not life-threatening, they diminish
the HRQoL of patients receiving sorafenib™*. As the
results of this study show that the dose of sorafenib did
not affect the median TTP, we recommend careful moni-
toring of the patient for signs of HFS, and adjusting the
dose of sorafenib accordingly.

The progression of HCC causes symptoms of liver
failure such as jaundice, refractory ascites, hepatic en-
cephalopathy, and gastrointestinal bleeding, as well as
intractable pain and cachexia. Therefore, extending the
TTP can delay the appearance of symptoms of advanced
HCC. This study shows that sorafenib was more ef-
fective in extending TTP in patients with extrahepatic
major HCC. Moreover, HES significantly correlated with
increased TTP and is therefore a useful indicator for ad-
justing the dose of sorafenib. Sorafenib treatment should
be individualized to improve its effectiveness and the
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Table 3 Cox proportional hazards model analysis of time to

progression

Variable Multivariate

HR (95%CI) P

Univariate

HR (95%CI) P

Child-Pugh grade

A 0.60 (0.31-1.22)  0.1550

B 1.00
Major HCC

Intrahepatic 1.00 1.00

Extrahepatic 0.32(0.14-0.67)  0.0020° 0.36 (0.16-0.77)  0.0070°
Largest tumor

<5cm 0.71 (0.36-1.52)  0.3653

>5cm 1.00
Hand-foot syndrome

- 1.00 1.00

+ 0.41 (0.20-0.82)  0.0111" 0.44 (0.21-0.91) 0.0274°
Hypertension

- 1.00 1.00

+ 0.43 (0.21-0.84)  0.0128" 0.55 (0.26-1.09)  0.0852
Diarrhea

- 1.00

+ 0.90 (0.54-1.40)  0.6574
Alopecia

- 1.00

+ 0.84 (0.31-1.92)  0.6936

CI: Confidence interval; HCC: Hepatocellular carcinoma; HR: Hazard
ratio. “P < 0.05 vs control.

HRQoL of patients with advanced HCC.
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Background

Although sorafenib is highly effective for treating patients with advanced hepa-
tocellular carcinoma (HCC), significant predictive factors for its efficacy are not
available.

Research frontiers

In the area of treatment for advanced hepatocellular carcinoma, the relationship
of clinical factors with the efficacy of sorafenib is of great interest.

Innovations and breakthroughs

This study focused on hepatic function according to Child-Pugh grade, the
location and the size of the largest tumor, and common adverse events such as
hand-foot syndrome (HFS), hypertension, diarrhea, and alopecia, to evaluate
the efficacy of sorafenib treatment of HCC. Sorafenib was found to be more
effective in patients with extrahepatic major HCC compared to those with HCC
in intrahepatic locations. Furthermore, HFS was found to significantly correlate
with increased time to progression of HCC.

Applications

The results of this study suggest that HFS is a useful indicator for adjusting the
dose of sorafenib.

Terminology

Sorafenib is an orally administered inhibitor of multiple protein kinases that
induces apoptosis of tumor cells and inhibits tumor angiogenesis. The Phase |l
Sorafenib HCC Assessment Randomized Protocol trial showed that sorafenib
improves the prognosis of patients with advanced HCC and is therefore recom-
mended as a first-line treatment.

Peer review

In this paper, the authors examined the relationship between clinical factors
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Figure 4 Relationship of starting sorafenib dose with time to progression.
Time to progression (TTP) was analyzed according to sorafenib dose at the
beginning of the treatment.

Table 4 Comparison of clinical factors by location of major

hepatocellular carcinoma

Intrahepatic Extrahepatic P
(n = 28) (n = 18)

Age (yr) (mean + SD) 68.7+ 85 73.6 £10.7 0.0500
Largest tumor (cm) 4.0 (1.5-15) 1.0 (0.0-5.0)  <0.0001"
[median (range)]
Portal invasion (%) 64.2 (18/28) 5.7 (1/18) <0.0001"
Sorafenib

800 mg 7 4 0.9769

400 mg 15 10

200 mg 6 4

SD: Standard deviation. °P < 0.05 vs control.

and the sorafenib efficacy in HCC patients. The results of this study are of inter-
est as they suggest a method for providing safer and more efficient sorafenib-
based therapy.
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