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Abstract
Background: Hepatocellular carcinoma (HCC) has a poor prognosis with low chemotherapeutic efficiency to medications except to
sorafenib. Previous studies showed that adverse events (AEs) of sorafenib can predict therapy efficacy to HCC. The aim of the study is to evaluate
the early efficacy and AEs of sorafenib therapy.

Methods: The database of HCC patients receiving sorafenib at Taichung Veterans General Hospital during the period from June 2012
to October 2016 was analyzed. All HCC cases were BCLC classification stage C. The early efficacy of sorafenib was classified according to the
mRECIST criteria as either partial response (PR), stable disease (SD) or progressive disease (PD). Responses were recorded within 6 weeks
after the start of sorafenib treatment. AEs were defined as the appearance of hand-foot skin reaction (HFSR), hypertension (HTN) and diarrhea.
Exclusion criteria were poor performance status, poor drug compliance, discontinued follow-up or mortality occurring within a day after
medication.

Results: From a total of 222 subjects, 8 cases (3.6%) were classified as PR, 82 cases (36.9%) SD, and 132 cases (59.5%) PD. The PR group
had the highest ratio of HFSR (62.4%) and hypertension (37.5%). Pooling cases of PR and SD together, the presence of HFSR (aOR 2.80, 95% CI
1.52-5.16) and diarrhea (aOR 3.42, 95% CI 1.67-7.01) were good predictors of favorable responses to sorafenib therapy.
Conclusion: HFSR and diarrhea are good predictors of early therapy efficacy to the sorafenib treatment.
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Abbreviations: SD: Stable Disease; PR: Partial Response; HFSR: Hand-Foot Skin Reaction; HTN: Hypertension; HCC: Hepatocellular carcinoma;
BCLC: Barcelona Clinic Liver Cancer; TTP: Time to Progression; OS: Overall Survival; PVT: Portal Vein Thrombosis

Background
Hepatocellular carcinoma (HCC) is the commonest primary
liver cancer. The Barcelona Clinic Liver Cancer staging system
(BCLC) is widely used for selecting its treatment, which is
determined collectively by the tumor characteristics, such as
size, number, presence of vascular invasion or extrahepatic
metastasis, and the hepatic function and performance status of
the patient [1]. Advanced HCC, such as BCLC stage C, is typically
treated with sorafenib, which is an orally administered inhibitor
of multiple protein kinases (such as c-Raf, B-Raf, mitogenactivated protein kinase kinase, extracellular signal regulated
kinase, and vascular endothelial growth factor) [2]. The studies
of phase III SHARP trial and Asia-Pacific trial regarding sorafenib
treatment of advanced HCC patients both reported improvements
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compared with placebo in terms of their median overall survival
(OS) and time to progression (TTP) [3,4].

Although sorafenib is currently the recommended first-line
medication for patients with BCLC stage C HCC, a substantial
number of patients (with a disease-control rate as high as 43%)
fail to respond to the sorafenib [3]. Good predictive factors for
the sorafenib efficacy remain unclear. Analyses of serological
markers in patients participating in the SHARP trial, showed that
the serum concentrations of VEGF and angiopoietin-2 are good
predictors of the patient survival, although not good predictors
on the response to treatment [5]. On the contrary, some studies
on HCC patients reported the adverse events (AEs) of sorafenib
treatment, such as diarrhea, hand-foot syndrome reaction
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(HFSR) and hypertension (HTN), may predict the efficacy of
medication [6-8].

The aim of the present study is to determine what factors can
influence the efficacy of sorafenib in terms of the occurrence of
common AEs like HFS, hypertension and diarrhea.

Methods

Data for the subjects with HCC receiving sorafenib at
Taichung Veterans General Hospital from June 2012 to October
2016 were evaluated. HCC was diagnosed according to the
American Association for the Study of Liver Disease (AASLD)
guideline [9]. All cases were stage C HCC determined with the
BCLC classification. Data of the enrolled patients included the
following items: age, gender, presence of chronic hepatitis B
(HBV) or hepatitis C (HCV) infection, HCC with portal vein
thrombosis (PVT) or extra-hepatic metastasis, serum level of
bilirubin, alanine aminotransferase (ALT) and alpha-fetoprotein
(AFP). The initial dosage of sorafenib of each patient was also
recorded. Exclusion criteria were cirrhosis HCC BCLC stage A, B
or D, decompensate liver status, poor performance status, lack
of compliance to drug, loss of follow-up or mortality within the
following day.

According to the mRECIST criteria [10], the early radiologic
efficacy of sorafenib was classified as complete response (CR),
partial response (PR), stable disease (SD) and progressive
disease (PD), as observed within a period of 6 weeks after the
beginning of medication. AEs were defined as the appearance of
HFSR, HTN, or diarrhea. The associations between AEs and the
efficacy of sorafenib were analyzed.
Data were expressed as standard deviation of mean for
each of the measured parameters. Gender, positive ratio of each
Table 1: The general data of each group.
Table
Age (years)

Gender (male)

PR group (N=8)
M±SD
67±10.36

BCLC stage C
PVT

Extra-hepatic
metastasis
HBV
HCV

Bilirubin (U/L)

%

7

(87.50%)

2

(25.00%)

3

(37.50%)

6

0.7±0.35

6

Results

From a total of 222 enrolled subjects, 8 (3.6%) of them
belonging to group PR, 82 (36.9%) belonging to group SD, and
132 (59.5%) belonging to group PD. No case was classified as
radiologic CR. The general data of each group are listed in Table
1. Their average ages (67.00 vs. 65.27 vs. 63.80 years, p=0.355)
were similar, so were their gender distributions (male ratios:
87.5% vs. 82.9% vs. 86.4%, p=0.775). The ratio of PVT was as
follows, group PR: 25.0%, group SD: 54.9%, and group PD: 59.8%.
Their extra-hepatic metastasis was group PR: 75.0%, group SD:
53.7%, and group PD: 51.5%. The occurrence of HBV was group
PR: 37.5%, group SD: 45.1%, and group PD: 50.8%. Their HCV
was group PR: 75.0%, group SD: 43.9%, and group PD: 37.1%.
These inter-group differences were not statistically significant.
The levels of serum bilirunin and ALT were similar across
groups. The PD group showed the significant highest average
serum level of AFP (24.52x104 ng/ml in PD group vs. 3.11 x104
ng/ml in PR group vs.7.76 x104 ng/ml in SD group, p=0.012). The
average daily dosage of sorafenib was 3.50 x200 mg in group PR,
3.48 x200 mg in group SD, and 3.29 x200 mg in group PD, with no
significant differences across groups (p=0.745).

SD Group (N=82)

N

8

stratified group was expressed as the percentage of total patient
number. Statistical comparisons were made using Pearson’s chisquare test to determine the effects of gender and positive ratio
of each stratified group. Independent t-test was used to analyze
age, serum bilirubin, ALT, AFP and daily sorafenib dosage.
Statistical significance was set at p <0.05. Multivariate Cox’s
regression was used to determine the strength of association
between the individuals with each sorafenib-associated AE and
the sorafenib efficacy, as shown by Odd ratios (OR) with 95%
confidence interval (CI).

M±SD
65.27±13.44

(100%)

(75.00%)

%

68

(82.90%)

45

(54.90%)

37

(45.10%)

82

(75.00%)

44

0.83±0.39

PD Stage (N=132)

N

36

M±SD
63.8±11.53

(100%)

(43.90%)

0.92±0.47

84.25±71.39

69.03±62.45

60.58±54.16

Sorafenib dosage
(x200mg/day)

3.50±0.93

3.48±0.88

3.29±0.96

3.11±6.31

7.76±26.45

P-values were analyzed with independent t testa; Pearson’s Chi-square testb

AEs detected in each group are shown in Table 2. Among all
subjects, 78 cases (36.9%) had HFRS, 23 cases (10.4%) had HTN
0080

114

(86.40%)

0.775b

79

(59.80%)

0.141b

67

(50.80%)

68

ALT (U/L)

AFP (x104 ng/ml)

%

132

(53.70%)

24.52±69.45

p-Value

N

49

(100%)

(51.50%)
(37.10%)

0.355a

1.000b
0.431b
0.599b
0.085b
0.084a
0.220a
0.012a
0.745a

and 51 cases (23.0%) had diarrhea. The PR group had the highest
and significant ratio of HFSR (62.4% in PR group vs. 48.8% in
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SD group vs. 25.0% in PD group, p=0.001) and HTN (37.5% in
PR group vs. 13.4% in SD group vs. 6.9% in PD group, p=0.025),
compared with other groups. On the contrary, the SD group had

the highest and significant ratio of diarrhea (34.6% in SD group
vs. 25.0% in PR group vs. 15.9% in PD group, p=0.004).

Table 2: AEs detected in each group.
PR Group (N=8)

Table 2
HFSR
HTN

SD Group (N=82)

PD Stage (N=132)

N

%

N

%

N

%

5

(62.40%)

40

(48.80%)

33

(25.00%)

3

(37.50%)

11

(13.40%)

9

(6.90%)

p-Valuec
0.001
0.012

p-valued
0.001
0.038

Overall (N=222)
N

%

33

(36.90%)

2

(10.40%)

Diarrhea
2
(25.00%)
28
(34.60%)
21
(15.90%)
0.007
0.002
21
(23.00%)
All P-values were analyzed with Pearson’s Chi-square test; p-valuec: p-value between PR group and PD group; p-valued: p-value between SD
group and PD group

The statistical associations between AEs and therapeutic
responses are listed in Table 3. After adjustments for age, sex
and serum AFP, the incidences of HFSR (adjusted OR 5.76, 95%
CI 1.19-27.88) and HTN (adjusted OR 7.68, 95% CI 1.50-39.23)
showed a positive and significant correlation with sorafenib
therapy response in group PR. AEs of HFSR (adjusted OR 2.60,
95% CI 1.39-4.87) and diarrhea (adjusted OR 3.54, 95% CI
1.70-7.40) had significant associations with sorafenib therapy
response in group SD. Combining cases in groups PR and SD, the
incidences of HFSR (adjusted OR 2.80, 95% CI 1.52-5.16) and
diarrhea (adjusted OR 3.42, 95% CI 1.67-7.01) were found to be
predictive of good sorafenib therapy response.
Table 3: Odds ratios and 95% confidence interval of associated
adverse events with Sorafenib response.
Radiologic Findings

OR

PD

1.00

Hypertension

5.5

HFSR

(95% CI)
(reference)

aOR†
1

(95% CI)
(reference)

2.5

(1.36–4.61)

5.76

(1.19–27.88)

Diarrhea

1.57

(0.45–5.56)

2.02

(0.36–11.42)

HFSR

2.86

(1.59–5.13)

Diarrhea

2.74

(1.43–5.26)

PD

Hypertension
PD

HFSR

Hypertension

1

2.12
1
2

2.28

(1.81–
16.43)

(reference)

7.68
1

(1.39–4.87)

3.54

(1.70–7.40)

2.02

(reference)

1

(1.03–5.04)

(reference)

2.6

(0.84–5.36)
(1.39–2.87)

(1.50–39.23)

2.8

2.48

(0.76–5.39)
(reference)

(1.52–5.16)
(0.98–6.29)

Diarrhea
2.1
(1.28–3.41)
3.42
(1.67–7.01)
†aOR, adjusted OR: adjusted for age, sex, AFP and sorafenib dosage;
Analyzed with Multivariate Cox’s regression

Discussion
Sorafenib is an orally active multikinase inhibitor that is
known to prolong OS and TTP in patients with advanced HCC
[3,4]. Common sorafenib-related AEs are diarrhea, fatigue,
anorexia, HTN and dermatological toxicities, mainly HFSR. In
the SHARP trial, the overall incidence of treatment-related
AEs is 80% in the sorafenib group (versus 52% in the placebo
group), with serious AEs of 52% in the treated group (versus
54% in the placebo group). The grade 3 treatment-related AEs
are more frequent in the sorafenib group: including diarrhea
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(8%), HFSR (8%) and HTN (2%) [3]. In the Asia-Pacific trial,
the overall incidence of treatment-related AEs is 81.9% in the
sorafenib group (versus 38.7% in the placebo group), and the
most frequent grade 3/4 drug-related AEs in the sorafenib group
are HFSR (10.7%), diarrhea (6.0%) and fatigue (3.4%) [4].

The percentages of AEs in our sorafenib-treated groups were:
36.9% HFSR, 10.4% HTN and 23.0% diarrhea. These proportions
are higher than those reported in the above-mentioned clinical
trials. The discrepancy in results might be due to in our study
we adopted the self-reported design and analyzed all grade AEs.
HFSR, which is characterized by erythema, dysesthesia or
paresthesia on the palms and soles, together with rash. This
host of symptoms suggested the involvement of inhibition
in one or more of these receptors/ pathways (such as VEGFR,
PDGFR, c-KIT or FLT-3) in the development of HFSR [11]. Since
sorafenib leads to tumour vessel regression which could inhibit
endothelial cells, as the capillary endothelium might be the first
target in HFSR development [6]. In a previous study in Japan,
patients who had developed HFSR (62%) survive significantly
longer than those without cutaneous AEs (OR 0.449, 95% CI
0.256–0.786, p=0.005) [12]. In a Korean retrospective study of
99 patients with advanced HCC (BCLC stage C), the presence of
HFSR is predictive of a longer TTP (OR 0.40, 95% CI 0.19–0.82,
p=0.007) and better OS (OR 0.40; 95% CI 0.24– 0.67; p = 0.001)
[7]. These above findings are however in contradiction to other
studies that reported that HFSR has no prognostic significance
[8,13].

For our patients, the adjusted OR for PR was 5.76 (95% CI
1.19-27.88), and for SD was 2.60 (95% CI 1.39 – 4.87). Those
with HFSR had therefore better sorafenib efficacy compared with
those without, when judged based on a short-term radiologic
presentation.
Arterial HTN is considered a class-specific toxicity of
antiangiogenic treatments. Impaired angiogenesis could result
in fewer micro vessels, and endothelial dysfunctions due to
reduced nitric oxide production and the activation of the
endothelin 1 system, which is a potent vasoconstrictor [6]. One
study enrolling 41 patients with advanced HCC who received
sorafenib, and the result found significantly longer OS in patients
with HTN regardless of its grade than in patients without HTN
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during treatment (median OS 18.2 vs. 4.5 months, p=0.016)
[14]. Another study enrolling 38 patients with advanced
HCC disclosed HTN, that occurred within the first two weeks
following the start of sorafenib treatment, is correlated with a
better TTP (153 vs. 50.5 days, p=0.017) and OS (1329 vs. 302
days, p=0.003) [15]. However, another study concluded on the
contrary that treatment-related HTN shows no correlation with
clinical outcomes [12].
Our results showed that the presentation of HTN was
correlated with the responses in PR group (adjusted OS 7.68,
95% CI 1.50–39.23), but not in the SD group (adjusted OS 2.02,
95% CI 0.76–5.39). When cases from the PR and SD groups were
combined for analysis, HTN showed no prognostic significance
(adjusted OS 2.48, 95% CI 0.98–6.29).
As VEGF plays a role in maintaining the normal adult
vasculature, inhibiting VEGFR with sorafenib could cause
diarrhea via reduction of capillary networks in the intestinal villi
[6]. Other hypotheses speculate that sorafenib cause diarrhoea
by inducing pancreatic exocrine dysfunction, since VEGFR
inhibitors reduce the density of the capillaries in pancreatic
islets and decrease zymogen granules [6]. One retrospective
study enrolling 112 patients with advanced HCC reported
through multivariate Cox regression analysis, that diarrhea is an
independent positive prognostic factor (OR 0.41, p=0.001) and
those cases with diarrhea have a significantly longer median OS
than those without (14.1 vs. 7.1 months, p=0.011) [8]. Another
sorafenib prospective study on 46 patients with advanced HCC
reported that subjects with grade 2/3 diarrhoea developed at any
stage during treatment (41%, n=19) have longer OS compared to
those without (p= 0.009) [13].

Our results showed that the presentation of diarrhea was
correlated with sorafenib treatment efficacy in the SD group
(adjusted OR 3.54, 95% CI 1.70 –7.40), but not in the PR group
(adjusted OR 2.02, 95% CI 0.36–11.42). When cases from
the PR and SD groups were pooled for analysis, diarrhea still
showed significant correlation with sorafenib treatment efficacy
(adjusted OR 3.42, 95% CI 1.67–7.01).
Apart from HCC, a similar correlation between the
development of AEs and treatment efficacy has been reported in
breast cancer patients treated with endocrine therapy as well as
in non-small cell lung cancer patients treated with chemotherapy
with or without VEGF inhibitors [16-18]. The availability of
reliable predictive biomarkers would help identifying which
individuals are likely to benefit from antitumoral treatment
and to minimize unnecessary toxicity in potentially resistant
subjects. In this study on HCC, knowledge on the development
of AEs in patients as a surrogate marker of sorafenib efficacy is
clinically relevant. Here, we found that the incidences of HFRS
and diarrhea are the most predictive markers to sorafenib
therapeutic response.
There are some limitations in our study. Firstly, our study
is retrospective, and patients were presented only at a single
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tertiary care center. Selection bias likely existed. Secondly, shortterm but not long-term prognostic outcomes, such as TTP and
OS, were analyzed. Thirdly, patients with any grade of AEs were
enrolled, and such self-reported data were subject to some
errors. Finally, the status of medical history to viral hepatitis,
such as NUCs (nucleotide/nucleoside analogs), interferon or
DAAs (direct-acting antivirals), was not recorded nor analyzed.
Also, patients were limited to those with cirrhosis Child-Pugh
stage A and HCC BCLC stage C. Further prospective research with
extended analysis or more variables is needed. In conclusion,
sorafenib-related HFSR and diarrhea are associated with better
efficacy as based on short-term radiologic presentations.
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