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Abstract. Sorafenib and hepatic arterial infusion chemotherapy 
(HAIC) are both indicated for unresectable hepatocellular 
carcinoma (HCC). In this study, we compared the efficacy 
and safety of HAIC to that of sorafenib in elderly patients 
with HCC. Eligible patients included those aged ≥70 years, 
with histologically or clinically confirmed advanced HCC. A 
total of 12 patients received sorafenib (800 mg per day) and 
8 patients received HAIC with 5‑fluorouracil (300 mg/m2 on 
days 1-5 and 8-12) with or without cisplatin (20 mg/m2 on 
days 1 and 8), with interferon-α (3 times per week for 4 weeks). 
The response rate was significantly higher in patients treated 
with HAIC (37.5%) compared to that in patients treated with 
sorafenib (no response). The median overall survival (18.6 and 
11.7 months) and progression‑free survival (4.0 and 5.0 months) 
were similar between the sorafenib and HAIC groups, 
respectively. In the sorafenib group, 58.3% of the patients 
discontinued treatment compared to none in the HAIC group. 
The most frequent adverse event leading to discontinuation of 
sorafenib was anorexia. Similar to sorafenib, HAIC appears 
to be a feasible treatment and may also have the advantage of 
an adequate safety profile for elderly patients with advanced 
HCC. Further study of HAIC in a larger population of elderly 
patients is required to assess its potential as an alternative to 
sorafenib for HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common 
neoplasm worldwide (1). HCC principally develops on a back-
ground of chronic liver disease, particularly cirrhosis caused 
by hepatitis C or hepatitis B virus infection (1). In Japan, the 
median age of patients with HCC has been increasing gradu-
ally since 1986 (2). Elderly cancer patients often present with 
multiple comorbidities and age-related changes in the phar-
macokinetics and pharmacodynamics of anticancer drugs that 
may affect chemotherapeutic regimens (3). The clinical bene-
fits of treatment of elderly patients with advanced HCC remain 
unclear. A previously published study demonstrated that inves-
tigations in elderly patients were less intense, that such patients 
were more likely to receive conservative therapy and that the 
median survival was worse compared to that among younger 
patients (4). However, the treatments for HCC have progressed 
significantly over the last few years and Mirici-Cappa et al (5) 
demonstrated that the overall applicability of radical or effec-
tive HCC treatment may not be affected by age. Moreover, 
Suda et al (2) suggested that the therapeutic approach to HCC 
should not be restricted by patient age.

Sorafenib is an oral tyrosine kinase inhibitor that targets 
multiple molecular pathways. In a pivotal study, sorafenib 
provided an overall survival (OS) advantage in patients with 
advanced HCC, with the median survival increasing by 
~3 months in sorafenib-treated patients, compared to those 
receiving placebo therapy (6). Sorafenib is the only globally 
approved drug for the treatment of HCC; however, it is not 
curative and is only indicated for Child‑Pugh class A patients 
who have preserved hepatic function. Hepatic arterial infusion 
chemotherapy (HAIC) is an alternative option for advanced 
HCC and, based on the Japanese HCC management guide-
lines, it is recommended for patients with the same indications 
for sorafenib (7). Although HAIC is widely used in Japan, as 
it tends to be associated with a favorable response rate (RR) 
in patients with HCC, randomized controlled trials have 
not been conducted and there is currently no evidence of a 
survival benefit for HAIC. HAIC may reduce HCC stage (8) 
and is indicated for patients exhibiting a moderate reduction in 
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hepatic reserve function (9). In patients who achieve a complete 
response (CR) with HAIC, a long-term survival benefit was 
reported (10,11). The efficacy of sorafenib treatment in elderly 
patients with advanced HCC has been investigated in several 
studies (12‑16); however, to the best of our knowledge, there 
are no available reports regarding the efficacy of HAIC in such 
patients and there are currently no satisfactory strategies for 
the management of advanced HCC as a function of age. The 
aim of this study was to compare the feasibility and safety of 
HAIC to those of sorafenib in elderly patients with advanced 
HCC.

Patients and methods

Patients. We retrospectively analyzed data from elderly 
patients with advanced unresectable HCC, who were treated 
at our hospital between March, 2002 and June, 2013. Eligible 
patients included those aged ≥70 years with histologically or 
clinically confirmed advanced HCC. HCC was considered as 
unresectable in patients who presented with severe vascular 
invasion or multiple intrahepatic lesions (i.e., ≥5 nodules), 
or in those with progressive disease (PD) following surgical 
or locoregional therapy intervention. A total of 20 eligible 
patients were identified.

The study protocol was approved by our Institutional 
Review Board and informed consent was obtained from all 
the patients prior to treatment.

Treatment. In the HAIC group (n=8), an implantable 
drug delivery system was used for arterial infusion of the 
chemotherapeutic agents. Between February, 2003 and 
March, 2009, HAIC consisted of 5-fluorouracil (5-FU) 
at a dose of 300 mg/m2/day for 5 days during the 1st and 
2nd weeks, combined with intramuscular or subcutaneous 
administration of interferon-α 3 times per week for 4 weeks. 
Interferon-α dosing consisted of either natural interferon-α, 
5 million units; recombinant interferon‑α, 12 million units; or 
interferon-α 2b, 3 million units. From April, 2009 onwards, 
HAIC was performed with 5‑FU plus cisplatin (CDDP) at a 
dose of 20 mg/m2/day on days 1 and 8, combined with intra-
muscular interferon-α administration, as described above (17). 
The treatment cycle was repeated until disease progression or 
unacceptable drug toxicity.

In the sorafenib group (n=12), a limited number of patients 
received sorafenib 200‑600 mg/day as an initial dose. In the 
absence of adverse events (AEs), the dose of sorafenib was 
increased to 400 mg twice daily. Treatment was discontinued 
on the same basis as in the HAIC group. However, if the 
performance status and liver function of patients with PD was 
preserved, sorafenib was continued until the occurrence of 
severe AEs in order to prevent rapid tumor growth associated 
with treatment cessation.

Response assessment. Tumor response was determined 
using dynamic computed tomography or magnetic resonance 
imaging, according to Response Evaluation Criteria in Solid 
Tumors, version 1.1. RR was defined as the combined percent-
ages of patients experiencing a CR and those with a partial 
response (PR). Tumor control rate (TCR) was defined as the 
combined percentages of patients experiencing CR, PR and 

stable disease (SD). HAIC was evaluated every 6 or 8 weeks 
and sorafenib treatment was evaluated every 4 or 12 weeks. OS 
was calculated from the date of treatment initiation to the date 
of the last follow‑up or death. Progression‑free survival (PFS) 
was calculated from the date of treatment initiation to the date 

Table I. Clinical characteristics of patients treated with 
sorafenib and hepatic arterial infusion chemotherapy (HAIC).

 Sorafenib HAIC
Variables (n=12) (n=8) P‑value

Age (years) 80.2±5.4 74.9±3.4 0.039a

Gender (M/F) 6/6 6/2 NSb

White cell count
 (x102/µl) 48.0±13.2 59.4±27.4 NSa

Lymphocyte count
(x102/µl) 14.6±8.5 14.9±6.2 NSa

Platelet count 16.7±6.1 14.1±6.7 NSa

(x104/µl)
PT‑INR 1.10±34.6 1.16±0.19 NSa

ALT (IU/l) 35.5±0.12 41.9±0.19 NSa

Total bilirubin
(mg/dl) 0.67±0.40 0.76±0.27 NSa

Albumin (g/dl) 3.5±0.4 3.3±0.8 NSa

Cirrhosis
(Child‑Pugh A/B/C) 10/2/0 4/4/0 NSb

TNM stage
(I/II/III/IV-A/IV-B) 0/2/3/2/5 0/2/3/2/1 NSc

Largest tumor (mm) 42.3±21.2 49.7±28.2 NSa

AFP 2,027±5,219 279±418 NSa

Results are expressed as means ± standard deviation. aMann-Whitney 
U test. bFisher's exact test. cChi‑square test. M, male; F, female; NS, 
non-significant; PT‑INR, prothrombin time‑international normalized 
ratio; ALT, alanine aminotransferase; Child‑Pugh, Child‑Pugh clas-
sification; TNM, tumor‑node‑metastasis; AFP, α-fetoprotein.

Table II. Comparison of best response between sorafenib and 
hepatic arterial infusion chemotherapy (HAIC).

 Sorafenib HAIC
Response (n=12) (n=8) P‑value

CR 0 (0.0) 1 (12.5) NS
PR 0 (0.0) 2 (25.0) NS
SD 6 (50.0) 4 (50.0) NS
PD 6 (50.0) 1 (12.5) NS
RR (CR+PR) 0 (0.0) 3 (37.5) 0.049a

TCR (CR+PR+SD) 6 (50.0) 7 (87.5) NS

Values are presented as no. (%). aFisher's exact test. NS, non‑signifi-
cant; CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease; RR, response rate; TCR, tumor control rate.
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of the last follow‑up or PD. Drug‑related AEs were evaluated 
according to the Common Toxicity Criteria for Adverse Events, 
version 4.0 (Japan Clinical Oncology Group/Japan Society of 
Clinical Oncology edition).

Additional therapy. Of the 20 patients, 8 received additional 
treatment, including surgery, radiofrequency ablation (RFA), 
transcatheter arterial chemoembolization (TACE), HAIC 
using 5‑FU and low‑dose CDDP without interferon‑α 

Figure 1. Clinical course of (A) the sorafenib and (B) hepatic arterial infusion chemotherapy (HAIC) groups. The best clinical responses were complete 
response in 1 patient (case 8) in the HAIC group, partial response in 2 patients (cases 6 and 7) in the HAIC group, stable disease in 10 patients (cases 1, 6, 9, 
10, 11 and 12 in the sorafenib group and cases 2, 3, 4 and 5 in the HAIC group) and progressive disease in 7 patients (cases 2, 3, 4, 5, 7 and 8 in the sorafenib 
group and case 1 in the HAIC group). Although patients 1 and 3 in the sorafenib group and patients 3 and 7 in the HAIC group remained alive, other patients 
succumbed to the disease at the indicated time points. Closed bars, sorafenib administration. Arrows, HAIC. CDDP, cisplatin infusion; TACE, transcatheter 
arterial chemoembolization; Ope., operation; low‑dose FP, continuous 5‑fluorouracil and low‑dose cisplatin infusion; RFA, radiofrequency ablation.

  A

  B
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administration (low‑dose FP), arterial CDDP infusion and 
irradiation therapy.

Statistical analyses. The results are expressed as means ± stan-
dard deviation. The differences between the two groups were 
examined for statistical significance using the Mann‑Whitney 
U test, the Fisher's exact test and the Chi-square test. The 
survival curves for OS and PFS were analyzed using the 
Kaplan-Meier method and the differences were evaluated 
using a log‑rank test. The 95% confidence intervals (CIs) of 
median OS and median PFS were calculated. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. The baseline patient clinical char-
acteristics are summarized in Table I. The mean age of the 
sorafenib group was significantly higher compared to that 
of the HAIC group (P=0.039). There were no significant 
differences by blood cell counts, blood coagulation tests, 
biochemical tests, or Child‑Pugh classifiction. In addition, a 
comparison of tumor-related background factors between the 
two groups did not reveal any significant differences in TNM 
stage, main tumor diameter, or serum α‑fetoprotein levels.

Clinical response. The mean daily dose and duration of 
sorafenib treatment were 544 mg and 5.3 months, respectively. 
The mean number of treatment cycles in the HAIC group was 
1.8 (~2.2 months). The treatment responses are summarized 
in Table II. The RR was significantly different between the 
two groups, as patients in the sorafenib group failed to respond 
to treatment (P=0.049). However, there was no significant 
difference in TCR between the two groups. Two patients in 
the HAIC group achieved a sustained CR after receiving addi-
tional RFA: one initially achieved a CR in response to HAIC 
and the other initially demonstrated a PR in response to HAIC.

Clinical course and additional therapy. Fig. 1 shows the 
clinical course of patients who were treated with sorafenib 
(Fig. 1A) or HAIC (Fig. 1B). In the sorafenib group, treatment 
was discontinued in 11 patients; for 7 patients (patients 2, 3, 
4, 5, 7, 9 and 11), this was due to drug-related AEs, whereas 
the remaining patients (patients 6, 8, 10 and 11) developed 
PD. In the HAIC group, none of the patients discontinued 
5‑FU and CDDP infusion, but interferon‑α administration 
was discontinued in 1 patient (patient 1). Four patients in 
each group (patients 7, 9, 10 and 11, Fig. 1A; and patients 3, 
6, 7 and 8, Fig. 1B) received various additional therapies, 
including arterial CDDP infusion (patients 7 and 11, Fig. 1A; 
and patients 3 and 8, Fig. 1B); operation (patient 9, Fig. 1A; 
and patient 6, Fig. 1B); TACE (patients 7 and 11, Fig. 1A; 
and patient 8, Fig. 1B); low‑dose FP (patient 6, Fig. 1B); RFA 
(patients 7 and 8, Fig. 1B); and radiation therapy (patient 8, 
Fig. 1B). Patients 9 and 10 (Fig. 1A) underwent HAIC imme-
diately after sorafenib failure, whereas patient 3 (Fig. 1B) 
received sorafenib immediately after HAIC failure. Overall, 
no patients in the sorafenib group demonstrated a curative 
response following these treatments, whereas for 3 patients 
in the HAIC group, the additional treatment was significantly 
curative (P=0.049).

Survival. The median OS of the total patient popula-
tion was 17.8 months (0.93‑94.7 months). The median OS 
was 18.6 months (95% CI: 13.8‑23.4) and 11.7 months 
(95% CI: 0‑31.5) in the sorafenib and HAIC groups, respectively 
(Fig. 2A). The median PFS was 4.0 months (95% CI: 2.1‑5.9) 
and 5.0 months (95% CI: 2.6‑7.4) in the sorafenib and HAIC 
groups, respectively (Fig. 2B). The median OS and PFS were 
not significantly different between the two groups (P=0.964 
and 0.562, respectively).

Safety. The major AEs are listed in Table III. A total of 
7 patients (58.3%) in the sorafenib group discontinued treat-
ment due to grade 3 AEs [4 patients, anorexia; and 1 patient 
each with hand-foot (HF) syndrome, ascites and hepatic 
encephalopathy], whereas no patients demonstrated intoler-
ance to HAIC. The discontinuation rate in the sorafenib 
group was significantly higher compared to that in the HAIC 
group (P=0.015). Among sorafenib-treated patients, the most 
frequent AEs were mild in severity (grade 1/2) and included 
HF syndrome, anorexia, hypoalbuminemia and diarrhea. 
Grade 3 AEs included HF syndrome, anorexia and hyperten-
sion. One Child‑Pugh class A patient developed hepatic failure 
(hepatic encephalopathy) and sorafenib was discontinued. 
There were no grade 4 AEs. Among HAIC group patients, the 
most frequent AEs were mostly mild in severity (grade 1/2) 
and included decreased platelet count, anemia, fever, malaise, 
anorexia, hypoalbuminemia, decreased white blood cell count 
and decreased neutrophil count. In total, 6 hematological 

Figure 2. Kaplan‑Meier analysis of (A) overall survival and (B) progres-
sion‑free survival according to sorafenib and hepatic arterial infusion 
chemotherapy (HAIC). The P‑value was calculated using the log-rank test.

  A

  B
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AEs of grade 3/4 were recorded in 4 patients. In the HAIC 
group, 1 patient (12.5%) experienced catheter occlusion as 
a catheter-related complication. In addition, 5 patients in 
the sorafenib group changed Child‑Pugh class from A to B, 
whereas none of the patients in the HAIC group changed 
Child‑Pugh class. These changes were mostly caused by 
the development of hypoalbuminemia in sorafenib‑treated 
patients; there was no significant change in the prothrombin 
time‑international normalized ratio (PT‑INR).

Discussion

In the present study, we demonstrated the feasibility and safety 
of HAIC in elderly patients with advanced HCC. Several 
previous studies demonstrated the efficacy and safety of 
sorafenib in elderly patients (12,14‑16); however, to the best of 
our knowledge, there are no studies performing a comparison 
of efficacy and safety between sorafenib and HAIC in elderly 
patients with HCC. It should be noted that the definition of 
‘elderly’ may be controversial. We selected the cut-off age of 

70 years, as the majority of age-related changes occur after 
this age (3). There are some studies available comparing 
sorafenib and HAIC for the treatment of HCC, but they were 
not performed in elderly patients (18,19).

In the present study, the RR of the HAIC group was 
significantly higher compared to that of the sorafenib 
group, but the TCR was similar between the two groups. 
Our findings were concurrent with those of previous 
studies of interferon-α-containing HAIC that demon-
strated a RR of 24.6‑73.0% (11,17,20‑24), indicating that 
interferon-α-containing HAIC is a feasible treatment for 
elderly patients with advanced HCC.

An important finding of the present study is that, in the 
HAIC group, over a third of the patients achieved a CR or 
PR and, among these patients, 3 achieved long‑term survival 
with additional curative therapy. This observation has impor-
tant implications in understanding the indications for HAIC 
in elderly patients. There were no significant differences in 
median OS and PFS between the two groups. The median 
PFS with sorafenib was similar to that reported by previous 

Table III. Adverse events.

 Sorafenib (n=12) HAIC (n=8)
 Grade (CTCAE v4.0) Grade (CTCAE v4.0)
 ------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------
Adverse events 1 2 3 4 Any 3‑4 1 2 3 4 Any 3‑4

Anemia 4 1   5 (41.7) 0 2 5   7 (87.5) 0
Decreased WBC  1   1 (8.3)a 0 2 3 1  6 (75.0)a 1 (12.5)
Decreased neutrophil count  1   1 (8.3)a 0 3 2 1  6 (75.0)a 1 (12.5)
Decreasedlatelet count 4 3 1  8 (66.7) 1 (8.3) 3  3 1 7 (87.5) 4 (50.0)
Malaise 5 2   7 (58.3) 0 4 3   7 (87.5) 0
Fever     0b 0 6 1   7 (87.5)b 0
Anorexia 2 4 3  9 (75.0) 3 (25.0) 3 4   7 (87.5) 0
Nausea 1    1 (8.3) 0 2    2 (25.0) 0
Vomiting     0 0     0 0
Diarrhea 2 7   9 (75.0) 0 2    2 (25.0) 0
Mucositis 1 2   3 (25.0) 0  1   1 (12.5) 0
Hand‑foot syndrome 4 1 4  9 (75.0)a 4 (33.3)     0a 0
Hepatic encephalopathy   1  1 (8.3) 1 (8.3)     0 0
Ascites  3   3 (25.0) 0     0 0
Bleeding     0 0     0 0
Cardiological     0 0     0 0
Hypertension 2 3 3  8 (66.7)a 3 (25.0)     0a 0
Pancreatitis     0 0     0 0
Infection  1   1 (8.3) 0  2   2 (25.0) 0
Hyperbilirubinemia 2 1   3 (25.0) 0 2    2 (25.0) 0
Hypoalbuminemia 2 8   10 (83.3) 0 1 5   6 (75.0) 0
Increased AST 6    6 (50.0) 0 2    2 (25.0) 0
Increased ALT 3    3 (25.0) 0 1    1 (12.5) 0
Increased creatinine 1    1 (8.3) 0 1 2   3 (37.5) 0
Increased serum amylase 3 2   5 (41.7) 0     0 0

The values represent number of events and the parenthetical data represent percentage values. aP<0.01; bP<0.001 (Fisher's exact test). 
CTCAE v4.0, Common Terminology Criteria for Adverse Events, version 4.0; WBC, white blood cell; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase.
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investigations in elderly patients, but the median OS was 
longer (12,14‑16). The reasons underlying the prolongation of 
OS in the sorafenib group in the present study are unknown, but 
one possibility is that the sorafenib group included 2 patients 
who received HAIC immediately after disease progression, 
which may skew the data. Two patients in the HAIC group 
achieved a CR after additional RFA. Other studies have 
demonstrated that a CR may improve long‑term survival, 
although this was demonstrated in elderly patients (10,11).

The rate of treatment discontinuation due to severe AEs was 
significantly higher in the sorafenib group compared to that in 
the HAIC group. Multiple AEs have been associated with 5‑FU, 
CDDP and interferon‑α therapy; however, life-threatening AEs 
rarely occur, even in patients with liver cirrhosis (11,17,20,23). 
In this study, AEs in HAIC‑treated patients were more severe 
than previously reported (11,17,20,23), particularly thrombo-
cytopenia, although none resulted in treatment discontinuation 
or required any additional management. The evaluation of AEs 
in this patient population may be challenging, as the majority 
of the patients already presented with pancytopenia due to 
underlying liver cirrhosis. However, a high AE‑induced discon-
tinuation rate was apparent among sorafenib-treated patients, 
mostly as a result of anorexia or hypoalbuminemia, which may 
lead to ascites. In the present study, patients with a mean age of 
80.2 years comprised 75% of all the grades of anorexia. This 
is concordant with the observations of Morimoto et al (13), 
who indicated that the incidence of anorexia was significantly 
higher among patients aged ≥75 years. Our results and those 
of Morimoto et al (13) differ from the results of the SHARP 
and Asia‑Pacific trials (6,25); however, in those studies, the 
age and incidence of all-grade anorexia was 64.9 years (mean) 
and 51 years (median) and 14 and 12.8%, respectively (6,25). 
The results of those studies and our present results suggest that 
elderly patients are more prone to sorafenib-induced anorexia. 
In addition, Montella et al (15) suggested that the changes 
reported in Child‑Pugh scores, as a result of changes in hypo-
albuminemia and PT‑INR, appeared to be associated with liver 
function and worsening of cirrhosis, rather than to the drugs 
administered. However, in the elderly patients in this study, the 
PT‑INR did not change, suggesting preserved hepatic protein 
synthesis, indicating that hypoalbuminemia may be associated 
with the anorexia, rather than liver dysfunction. Accordingly, 
the results of the present study suggest that hypoalbuminemia 
is an important AE in elderly patients. In summary, HAIC may 
be a safer option compared to sorafenib for the treatment of 
elderly patients with HCC.

There were several limitations in the interpretation of the 
data presented in this study. First, the retrospective design and 
limited number of patients enrolled may give rise to selec-
tion bias. The mean age of the sorafenib group was higher 
compared to that of the HAIC group, which may explain 
why the incidence of AEs was higher in the sorafenib group. 
Moreover, according to the initial response to treatment, addi-
tional therapies were performed without limitation, which may 
affect OS. All the patients in the sorafenib group who received 
additional therapies developed PD or severe AEs, while some 
of the patients in the HAIC group who received additional 
therapies achieved a CR or PR. However, in part, the present 
study provided significant information regarding the manage-
ment of HCC in elderly patients.

In conclusion, HAIC appears to be a feasible and safe treat-
ment option for elderly patients with advanced HCC. However, 
further study of HAIC in a larger population of elderly patients 
is required to assess its potential as an alternative option for 
HCC management.
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