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Efficacy and safety of hepatic arterial infusion chemo-
therapy for advanced hepatocellular carcinoma as first-
line therapy

Myung Jin Oh, Heon Ju Lee, and Si Hyung Lee

Department of Internal Medicine, Yeungnam University College of Medicine, Daegu, Korea

Background/Aims: Hepatic arterial infusion chemotherapy (HAIC) with 5-fluorouracil and cisplatin for intractable
advanced hepatocellular carcinoma (HCC) may have survival benefits. We aimed to determine the efficacy and safety
of HAIC for advanced HCC as first-line therapy.

Methods: A total of 54 patients who received only HAIC with 5-fluorouracil (750 mg/m’ on days 1-4) and cisplatin (25
mg/m?’ on days 1-4) for advanced HCC from Jan. 2009 to Dec. 2011 were selected. According to Child-Pugh class, the
overall survival (0S), progression-free survival (PFS), and adverse events after HAIC were investigated retrospectively.

Results: Median OS and PFS between the Child-Pugh A group (n=24) and the Child-Pugh B/C group (n=30) were 8.7
(95% confidence interval [Cl]: 4.7-12.7) vs. 3.7 months (95% Cl: 2.0-5.3), and 7.1 (95% Cl: 3.8-10.4) vs. 3.6 months (95% Cl:
2.0-5.2), respectively. Although median OS and PFS were not statistically significant between the two groups (P=0.079,
P=0.196), the Child-Pugh class B/C tended to influence poor OS. Serious adverse events > grade 3 occurred frequently
in both groups (83.3 vs. 96.7%, P=0.159). Responders (22.2%, complete or partial response) significantly differed in
median OS, compared to non-responders (13.1 vs. 4.4 months, P=0.019). Achievement of complete or partial response
was an independent prognostic factor of OS (hazard ratio: 0.4, 95% Cl: 0.2-0.8, P=0.011).

Conclusions: Achievement of response after HAIC provide a survival benefit in patients with advanced HCC, but HAIC

should be administered cautiously in patients with Child-Pugh class B/C, because of a relatively low survival and high
incidence of serious adverse events. (Clin Mol Hepatol 2013;19:288-299)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-re-
lated mortality together with lung and stomach cancers." Despite
the development of a number of modalities for treatment of HCC,
the mortality associated with HCC is still high. The reason may be

associated with difficulty of detection of early HCC due to the rap-
idly-infiltrating growth pattern of HCC, simultaneous presence of
multiple tumors, and ambiquity of HCC-related symptoms.** Thus,
the number of cases of HCC with operability is very small. A recent
study reported that only 30% of patients with HCC are indicated
to potentially curative treatments, even fewer in Asia. Prognosis
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of patients with early stage HCC or operability is relatively good
due to availability of curative therapies such as surgical resection
or liver transplantation, radiofrequency ablation (RFA), and percu-
taneous ethanol injection therapy (PEIT). However, although there
are many palliative therapies, such as transarterial chemoemboli-
zation (TACE), systemic chemotherapy, and radiation therapy, the
prognosis of patients with advanced HCC or inoperability remains
poor.

Among the palliative therapeutic modalities, TACE is the current
standard treatment for patients who are not candidates for cura-
tive therapies. On the other hand, TACE is contraindicated in ad-
vanced HCC with main portal vein tumor thrombus, massive or
diffuse infiltration type, poor liver function, and severe hepatic ar-
terioportal shunt.® Because of economic burden, sorafenib, a mul-
tikinase inhibitor with antiangiogenic, proapoptotic, and Raf ki-
nase inhibitory effects, which is recommended for advanced HCC,
is limited to use in Korea.®® Actually, in clinical practice of Korea,
sorafenib cannot be easily applicable to Child-Pugh class B or C
patients with advanced HCC, because they were not covered by
Korean medical insurance. In addition, sorafenib is associated with
significant complications, especially in the Asian population, and
the efficacy of sorafenib in patients with portal vein invasion or
extrahepatic metastasis is significantly diminished.”" Therefore,
hepatic arterial infusion chemotherapy (HAIC) can be an alterna-
tive option in this situation. In addition, as an alternative therapy
for intractable advanced HCC, some studies have suggested that
HAIC with 5-fluorouracil (5-FU) and cisplatin might have survival
benefits.>*'"'"* In particular, HAIC has been recommended for ad-
vanced HCC with portal vein tumor thrombosis, venous tumor
thrombosis, extrahepatic metastasis, and refractory to TACE. How-
ever, there is no specific information on efficacy and safety, such
as overall survival (0S), progression-free survival (PFS), and ad-
verse events of patients with advanced HCC after HAIC in clinical
practice. Thus, our aim was to determine the clinical efficacy and
safety of HAIC as first-line therapy for advanced HCC in consider-
ation of Child-Pugh class.

PATIENTS AND METHODS

Patients

This study was conducted as a retrospective cohort study. Be-
tween January 2009 and December 2011, a total of 104 patients
received HAIC with 5-FU (750 mg/m’) and cisplatin (25 mg/m®) on
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From Jan. 2009 to Dec. 2011,
Atotal of patients who received HAIC
with 5-FU and cisplatin:
n=104

Excluded;

HAIC as second-line therapy:
n =43,
Combination with sorafenib:
n=4,

Other malignancy with HCC:
n=3

Patients selected for analysis:
n=>54

Figure 1. Flow chart of the selected patients. HAIC, hepatic arterial
infusion chemotherapy; 5-FU, 5-fluorouracil; HCC, hepatocellular
carcinoma.

days 1-4 every four weeks via an implantable port system for ad-
vanced HCC at Yeungnam University Hospital. Of these 104 pa-
tients, a total of 54 patients who received HAIC exclusively as a
palliative therapy were selected for this study (Fig. 1). All of the
selected subjects had advanced HCC at the time of diagnosis (Bar-
celona Clinic Liver Cancer (BCLC) stage C: n=54), and were older
than 18 years of age.”"
histopathologic confirmation or typical radiologic appearance on

two dynamic imaging modalities, or via one dynamic imaging ex-

The diagnosis of HCC was made either by

amination with elevated serum alpha-fetoprotein (>400 ng/mL).
We performed a retrospective review of all medical records, inves-
tigated the clinical efficacy of HAIC for advanced HCC divided into
Child-Pugh class A and Child-Pugh class B/C, and evaluated safety
through the toxicities or adverse events of HAIC.

This study was conducted in accordance with the 1975 Declara-
tion of Helsinki. All subjects submitted written informed consent
prior to enrollment in the study. Details of this study were ap-
proved by the Institutional Review Board of Yeungnam University
Hospital (YUH-13-0341-019).

Implantation of the drug port system

Under local anesthesia, the Seldinger method was used to gain
access to the right femoral artery. Arteriography of the celiac trunk
and superior mesenteric artery was performed in order to confirm
portal vein patency, and arterial vascularization of the liver. After
detection of tumor location and the main supplying hepatic artery,
a 5.8-F indwelling intraarterial catheter was inserted, and the tip
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of the catheter was positioned at the common hepatic or proper
hepatic artery under fluoroscopic guidance. The gastroduodenal
artery was embolized using a coil to avoid formation of an ulcer as
a result of efflux of the chemocytotoxic agents into the stomach or
duodenum. The proximal end of the catheter was placed at the in-
jection port and the device was subcutaneously implanted in the
right thigh. To prevent occlusion of the catheter, 10 mL (10,000
units) of a heparin solution was infused via the port system for ev-
ery cycle of chemotherapy.

Definition

Liver cirrhosis was defined by histologic, clinical, or radiological
evidence. Clinical signs of liver cirrhosis included lower platelet
count (<1.4x10° cells/uL), the existence of varix or ascites, and the
occurrence of encephalopathy. The gross type of tumor was classi-
fied by enhanced abdominal CT and angiography as diffuse, mas-
sive, and nodular type according to Eggel’s classification. Re-
sponder was defined as a patient who achieved complete or par-
tial response by HAIC according to radiologic examination, and
non-responder was defined as a patient who achieved stable dis-
ease, progressive disease or no evaluation after HAIC.

Treatment protocol

The patients received treatment with 5-FU and cisplatin. 5-FU
(750 mg/mz) was diluted with 5% dextrose in water and 200 mL
was administered over two hours through a portable infusion
pump from days 1 to 4. Cisplatin (25 mg/m?) was diluted with nor-
mal saline and 200 mL was infused over one hour using an intra-
arterial catheter from days 1 to 4. The cycle of chemotherapy was
every four weeks. To prevent cisplatin-associated nephrotoxicity,
1,000 mL of half-saline solution mixed with 20 mEq KCl and 8
mEq MgSO, was given over three hours before and after adminis-
tration of cisplatin, respectively. This treatment was continued un-
til radiologic and clinical disease progression or development of
intolerable adverse events.

Assessment of treatment for HCC was performed after every
two cycles of HAIC through dynamic contrast-enhanced abdomi-
nal CT scan or gadolinium-enhanced magnetic resonance imaging
using the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) for HCC. Concomitant antiviral therapy was allowed. If
the adverse events by HAIC were grade 3 or 4, the dosage of se-
quential chemotherapeutic agents was reduced to 75% of the
original dosage. In addition, after reduction of the dose, in the
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case of additional development of grade 3 or 4 toxicities, the pa-
tients were regarded as having intolerance to HAIC and were
withdrawn from this therapy.

Outcomes and assessments

The primary outcomes of this study were to evaluated OS and
PFS after HAIC for advanced HCC according to Child-Pugh class.
0S was measured as the time interval from the initiation of treat-
ment of HAIC to death or the last follow-up visit. PFS was mea-
sured as the time interval between the date of the first cycle of
HAIC and the date that disease progression or any cause of death
was first observed. Secondary outcomes included the response
rate, and safety or adverse events developed by HAIC. Response
rate was defined as the proportion of patients who had a best re-
sponse rating of complete or partial responses over total respons-
es after HAIC according to mRECIST. Safety was assessed in all
patients using the National Cancer Institute’s Common Terminolo-
gy Criteria for Adverse Events (NCI-CTC AE) version 4.0. All of the
selected patients were followed up at least every four weeks, and
the evaluation for adverse events was performed prior to initiation
of a new cycle. The evaluation included checking bone marrow re-
serve through complete blood count and differential cell count,
liver function test, and renal function test, as well as physical ex-
amination, vital signs, and clinical manifestations.

Statistical analysis

Categorical data or frequency data were presented as absolute
values and percentages, whereas continuous data were presented
as mean+standard deviation. Categorical data were analyzed by
Pearson ’ test or Fisher's exact test, and continuous data were
analyzed using Student ¢-test; if it was parametric, or not, the
Mann-Whitney U test was used. Univariate and multivariate analy-
ses of independent factors of the response to HAIC were assessed
using binary logistic regression analysis. The Kaplan-Meier method
was used for univariate analysis of OS and PFS and differences
among groups were analyzed using the log-rank test. Multivariate
analysis of the factors that influenced survival was performed us-
ing the Cox proportional hazards model. All P-values were two-
sided, and a P-value <0.05 was considered statistically significant.
Microsoft Excel 2007 (Microsoft Corp., Redmond, Washington,
USA) was used for organization of all data, and PAWS statistics
version 18.0 for Windows (SPSS Inc., Chicago, lllinois, USA) was
used for analysis of data.
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RESULTS
Patients characteristics

Median age of selected patients was 59.0 years (range: 39-78
years). Male was predominant (85.2%). Hepatitis B virus infection
was the most common cause of HCC (70.4%). Other parameters
of baseline characteristics are shown in Table 1. At the time of di-
agnosis of HCC, BCLC stage of enrolled patients was all stage C.
However, after implantation of the drug port system, the liver
function of some patients showed deterioration. As a result, BCLC
stage of selected patients was changed into stage C (94.4%), and
stage D (5.6%). In addition, Child-Pugh class was changed as
shown in Table 1. All the analyses were performed according to
staging and classification changed after implantation of the port
system or at the time of initiation of HAIC. Mean interval between
the time of diagnosis of HCC and the time of initiation of HAIC
was 7.3+5.2 days.

Treatment outcomes

Mean cycles of HAIC was 4.0+2.8 times. Mean dose of 5-FU
and cisplatin for each cycle was 3,683.9+1,306.3 mg and
126.5+43.1 mg, respectively. The cumulative total dose of anti-
cancer agents was 14,895.6+12,855.7 mg (range: 457-54,838
mg) for 5-FU, and 512.2+440.1 mg (range: 18-1,824 mq) for cispl-
atin, respectively. Mean follow-up duration of the selected sub-
jects was 8.1+6.7 months. Median OS and PFS of enrolled pa-
tients were 5.1 months (95% confidence interval [C]: 2.4-7.8) and
4.4 months (95% Cl: 3.5-5.3), respectively.

The selected patients were divided into two groups according
to Child-Pugh classification; Child-Pugh A group (n=24) and Child-
Pugh B/C group (n=30). A summary of baseline characteristics of
each group is shown in Table 2. The median OS was 8.7 months in
the Child-Pugh A group (95% Cl: 4.7-12.7), and 3.7 months in the
Child-Pugh B/C group (95% Cl: 2.0-5.3; Fig. 2A). The median PFS
was 7.1 months in the Child-Pugh A group (95% CI: 3.8-10.4), and
3.6 months in the Child-Pugh B/C group (95% Cl: 2.0-5.2; Fig 2B),
respectively. All median OS and PFS in both groups were not sta-
tistically significant (P=0.079, P=0.196 by log-rank test, Table 3).
In addition, other parameters such as portal vein invasion and the
existence of ascites were not significantly related to the OS and
PFS after HAIC (P>0.05 by log-rank test).

In total, although 12 patients (22.2%) showed partial respons-
es, no complete response after HAIC for advanced HCC was ob-
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Table 1. Baseline characteristics of the enrolled patients

Variables
Median age, yr (range) 59.0 (39-78)
Male, n (%) 46 (85.2)
Cause of HCC, n (%)

HBV 38 (70.4)

HCV 2(37)

Unknown 14 (26.0)
Child-Pugh class status, n (%)

No liver cirrhosis/Class A 24 (44.4)

Class B 27 (50.0)

Class C 3(5.6)
Portal vein invasion, n (%) 44 (81.5)
Gross type of tumor, n (%)

Massive 25 (46.3)

Diffuse 21(389)

Nodular 8(14.8)
Antiviral therapy, n (%) 34 (63.0)
BCLC stage, n (%)

Stage C 51 (94.4)

Stage D 3(5.6)
Modified UICC stage, n (%)

Stagell 1019

Stage lll 11 (20.4)

Stage IVA 30 (55.6)

Stage IVB 12 (22.2)
AFP" (ng/mlL) 11646.8+28845.2
Total bilirubin (mg/dL) 17412
Albumin (g/dL) 34405
Prothrombin time” (sec) 13.0+19

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus;
BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer
Control; AFP, alpha-fetoprotein.

"The value is expressed as meanzstandard deviation.

served. The best objective therapeutic responses according to
mRECIST were not significantly different between the Child-Pugh
A group and Child-Pugh B/C group (P=0.979). According to other
parameters as well as Child-Pugh class, the best therapeutic re-
sponses by HAIC were analyzed in comparison (Table 4). Although
other parameters including BCLC stage were not statistically dif-
ferent from the response rates, significant difference was exclu-
sively observed in modified Union for International Cancer Control
(UICC) stage (P=0.025). In addition, median OS was not statisti-
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Table 2. Demographic and baseline characteristics of enrolled patients according to Child-Pugh class A and class B/C

Variables Child-Pugh class A (n=24) Child-Pugh class B/C (n=30) P-value
Median age (yn) 60.0 57.5 0.288
Sex, male, n (%) 20 (83.3) 26 (86.7) 1.000
Cause of HCC, n (%) 0.648

HBV 17 (70.8) 21 (70)

HCV 2(83) 0(0)

Unknown 5(20.8) 9 (30)
Portal vein invasion, n (%) 18 (75.0) 26 (86.7) 0.311
Tumor gross, n (%) 0.654

Nodular 3(12.5) 5(16.7)

Massive 13 (54.2) 12 (40.0)

Diffuse 8(333) 13 (43.3)
Ascites, n (%) 6 (25.0) 21 (70.0) 0.002
Antiviral therapy, n (%) 14 (58.3) 20 (66.7) 0.086
BCLC stage, n (%) 0.245

Stage C 24(100) 27 (90.0)

Stage D 0 3 (10.0)
Modified UICC stage, n (%) 0.469

Stagell 1(4.2) 0

Stage Ill 4(16.7) 7(233)

Stage IVA 12 (50.0) 18 (60.0)

Stage IVB 7(29.2) 5(16.7)
AFP’ (ng/mL) 12604.5+32301.2 10880.6+26301.5 0.793
5-FU dose’ (mq)

Total cycles 17758.94+14141.5 12605.0+11455.3 0.120

One cycle 3634.2+1219.8 3723.7£1391.0 0.733
Cisplatin dose” (mq)

Total cycles 612.1+482.4 432.3+393.1 0.092

One cycle 125.7£41.5 127.1£45.0 0.907
ALT (U/L) 46.2422.6 68.4+50.1 0130
AST (U/L) 92.5452.5 1271£77.5 0.052
Albumin’ (g/dL) 37104 32404 0.000
Total bilirubin’ (mg/dL) 1.1+04 2.2+15 0.000
Prothrombin time” (sec) 11.941.0 13.942.0 0.000

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer

Control; AFP, alpha-fetoprotein; 5-FU, 5-fluorouracil; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

"The value is expressed as mean =+ standard deviation.

cally longer in patients who achieved complete response or partial
response (responders), compared with other patients (non-re-
sponders) in the Child-Pugh A group (13.1 vs. 7.1 months,
P=0.120) and the Child-Pugh B/C group (12.5 vs. 2.8 months,
P=0.075). Median PFS was not significantly different between re-

292

http://dx.doi.org/10.3350/cmh.2013.19.3.288

sponders and non-responders in the Child-Pugh A group (11.0 vs.
5.7 months, P=0.089). However, statistical difference was ob-
served between patients in the Child-Pugh B/C group (10.9 vs. 2.7
months, P=0.042). Considering all of the selected subjects, medi-
an 0S and PFS were statistically different between responders and

http://www.e-cmh.org
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Figure 2. Kaplan-Meier estimates for (A) overall survival and (B) progression-free survival of advanced hepatocellular carcinoma treated with
hepatic arterial infusion chemotherapy between the Child-Pugh A group and the Child-Pugh B/C group (OS, overall survival; PFS, progression-

free survival; Cl, confidence interval).

Table 3. Summary of efficacy measures

Variables Total Child-Pugh class A (n=24)  Child-Pugh class B/C (n=30) P-value’
Overall survival (mon) 0.079
Median 5.1 87 37
95% Cl 24-78 4.7-12.7 2.0-5.3
Progression-free survival (mon) 0.196
Median 44 36
95% Cl 3.5-53 3.8-104 20-5.2
Responce status 0979
Partial response, n (%) 12 (22.2) 6 (25.0) 6 (20.0)
Stable disease, n (%) 21 (389) 9(37.5) 12 (40.0)
Progressive disease, n (%) 14 (25.9) 6 (25.0) 8(26.7)
No assessment, n (%) 7 (13.0) 3(12.5) 4(13.3)

(l, confidence interval.

"P-values are the result of comparison of patients classified as Child-Pugh A and patients classified as Child-Pugh B/C.

non-responders (13.1 vs. 4.4 months, P=0.019; 11.0 vs. 3.6
months, P=0.022). In addition, according to the Cox proportional
hazards model, achievement of complete or partial response after
HAIC was an independent prognostic factor of OS and PFS (hazard
ratio [HR]: 0.4, 95% Cl: 0.2-0.8, P=0.011, HR: 0.4, 95% Cl: 0.2-
0.8, P=0.008) (Fig. 3). Subgroup analyses were performed by di-
viding the selected subjects into responders and non-responders

http://www.e-cmh.org
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in order to investigate independent factors related to achievement
of a complete or partial response after HAIC. Results of compara-
tive analyses between each group are shown in Table 5. Dose of
5-FU and cisplatin per cycle showed significant difference be-
tween the two groups, respectively (P=0.007, P=0.001). Accord-
ing to results of binary logistic regression analysis, dose of cisplat-
in per cycle was an exclusively independent factor for achievement
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Table 4. Best therapeutic response after HAIC according to modified RECIST

Variables No. of patients CR/PR SD PD NA RR P-value
All, n (%) 54 0/12 (22.2) 21(389) 14(25.9) 7(13.0) 22.2%
Child-Pugh class, n (%) 0979
Class A 24 0/6 (25.0) 9 (37.5) 6(25.0) 3(12.5) 25.0%
Class B/C 30 0/6 (20.0) 1(40.0) 8(26.7) 4(13.3) 20.0%
Portal vein invasion, n (%) 0317
Yes 44 0/11 (25.0) 18 (40.9) 9(20.5) 6 (13.6) 25.0%
No 10 0/1(10.0) 3(30.0) 5(50.0) 1(10.0) 10.0%
Ascites, n (%) 0.408
Yes 27 0/5(18.5) 13 (48.1) 7(25.9) 2(74) 18.5%
No 27 0/7 (25.9) 8(29.6) 7259 5(18.5) 259%
BCLC stage, n (%) 0.065
Stage C 51 0/12 (23.5) 2(39.2) 14 (275) 5(9.8) 23.5%
Stage D 3 0/0 1(333) 0 2(66.7) 0%
Modified UICC stage, n (%) 0.025
Stagell 1 0/0 0 0 1(100) 0%
Stagellll il 0/3(27.3) 5(45.5) 10.1) 2(18.2) 27.3%
Stage IVA 30 0/7 (23.3) 14 (46.7) 5(16.7) 4(13.3) 23.3%
Stage IVB 12 0/2 (16.7) 2(16.7) 8 (66.7) 0(0) 16.7%

HAIC, hepatic arterial infusion chemotherapy; RECIST, Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; NA, no assessment; RR, response rates; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer Control.

of a complete or partial response after HAIC (odds ratio: 1.039,
95% Cl: 1.0-1.1, P=0.008).

Adverse events

HAIC-related adverse events such as neutropenia (79.2 vs.
83.3%), anemia (95.8 vs. 100%), thrombocytopenia (91.7 vs.
90.0%), elevated aminotransferase (100 vs. 100%), hyperbilirubi-
nemia (91.7 vs. 96.7%), elevated creatinine (33.3 vs. 60.0%),
nausea/vomiting (54.2 vs. 63.3%), diarrhea (25.0 vs. 33.3%), and
fever (58.3 vs. 63.3%) occurred between the Child-Pugh A group
and the Child-Pugh B/C group, irrespective of NCI-CTC AE grading
(Table 6). The incidence rate of common adverse events was not
significantly different between the two groups (P>0.05). In addi-
tion, the incidence rate of serious adverse events over grade 3 for
each category of the toxicities did not statistically differ between
the two groups (P>0.05). Serious adverse events >grade 3 oc-
curred frequently in both groups (83.3 vs. 96.7%, P=0.159). Al-
though dose reduction rates by adverse events were not statisti-
cally significant between the two groups (33.3 vs. 26.7%,
P=0.765), withdrawal rate significantly differed between the each
group (16.7 vs. 43.3%, P=0.044). In total, seventeen patients
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withdrew from HAIC because of general weakness (64.7%), cath-
eter-related complications (17.6%), and other causes (17.6%).
Mean cycles of the patients who withdrew from HAIC was
2.5+2.0 times. Median OS of these patients was only 3.2 months
(95% CI: 1.3-5.0).

In this study, 28 patients (51.9%) experienced catheter-related
complications. Of these, 22 patients (78.6%) experienced bleed-
ing or hematoma after implantation of the drug delivery system,
which did not require a transfusion; and catheter occlusion oc-
curred in three patients (10.7%), which was resolved by thrombo-
lytics or catheter exchange. The remaining two patients and one
patient developed catheter-related infection, and extravasation,
respectively. Catheter-related infection or cellulitis around the in-
fusion port was cured completely with administration of antibiot-
ics, wound dressing, and removal of the drug port system.

DISCUSSION

In this study, the median OS and PFS of patients with Child-
Pugh class A were only 8.7 months and 7.1 months. According to
findings of the SHARP trial (Sorafenib HCC Assessment Random-
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Figure 3. Kaplan-Meier estimates for (A) overall survival and (B) progression-free survival between responders and non-responders after hepatic
arterial infusion chemotherapy for advanced hepatocellular carcinoma. Cox proportional hazards model curves of (C) overall survival and (D)
progression-free survival according to achievement of therapeutic response (OS, overall survival; PFS, progression-free survival; Cl, confidence

interval).

ized Protocol), the median OS and PFS were 10.7 months and 5.5
months in patients who received treatment with sorafenib (Their
liver functions were all Child-Pugh class A).” In addition, a multi-
national phase I, randomized, double-blind, placebo-controlled
trial to assess the efficacy and safety of sorafenib in patients from
the Asian-Pacific region with advanced HCC (ClinicalTrials.gov,
number NCT00492752) showed median OS (6.5 months), and PFS
(2.8 months) for advanced HCC after sorafenib therapy, respec-
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tively.® Basically, there was some difference between our study
and the SHARP trial. In the current study, of enrolled patients,
most patients (94.4%) were stage C of BCLC including three pa-
tients (5.6%) with stage D of BCLC. However, in the SHARP trial,
most patients (82%) were stage C of BCLC, and patients (18%)
with stage B of BCLC were also included. In the SHARP trial, hepa-
titis C infection (29%) and alcohol intake (26%) were the common
causes of HCC. In contrast, in our study, hepatitis B infection
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Table 5. Baseline characteristics between responders and non-responders

Variables Responders (n=12) Non-responders (n=42) P-value
Age, median (yr) 54.5 59.0 0.647
Male, n (%) 9 (75.0) 37 (88.1) 0.356
Causes of HCC, n (%) 1.000

HBV 9 (75.0) 29 (69.0)

HCV 0 (4.8)

Unknown 3(25.0) 11 (26.2)
Antiviral therapy, n (%) 9 (75.0) 25 (59.5) 0418
Portal vein invasion, n (%) 11(91.7) 33 (78.6) 0.426
Ascites, n (%) 5(41.7) 22 (524) 0.745
Child-Pugh class, n (%) 0.748

Class A 6 (50.0 18 (42.9)

Class B/C 6 (50.0) 24 (57.1)
BCLC stage, n (%) 1.000

Stage C 12 (100.0) 39(929)

Stage D 0 3(7)
Modified UICC stage, n (%) 0928

Stagelll 0 1(24)

Stage Ill 3(25.0) 8 (19.0)

Stage IVA 7(58.3) 23 (54.8)

Stage IVB 2 (16.7) 10 (23.8)
MELD score’ 03455 03441 0906
AFP’ (ng/mL) 22648.8 +£43885.0 85034 + 22656.6 0.108
5-FU dose per cycle” (mg) 4632.0 +588.1 3413.0£1332.3 0.007
Cisplatin dose per cycle” (mg) 160.1 + 193 1169 £ 433 0.001
ALT (U 467 +234 61.9+450 0437
AST (UL 1013 + 672 114.7 +£70.2 0456
Albumin’ (g/dL) 34+05 34+05 0963
Total bilirubin” (mg/dL) 17£11 1713 0.939
PT (sec) 131+£23 130+18 0.865

HCC, hepatocellular carcinoma; HBY, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; UICC, Union for International Cancer
Control; MELD, Model of End-stage Liver Disease; AFP, alpha-fetoprotein; 5-FU, 5-fluorouracil; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

PT, prothrombin time.
"The value is expressed as meanzstandard deviation.

(70.4%) was the most common cause. Compared to the Asian-Pa-
cific trial, some similarities were revealed: BCLC stages of the en-
rolled patients were almost stage C, the most common cause of
HCC was HBV infection (70.4 vs. 70.7%), and both studies were
conducted as a first-line therapy for advanced HCC. However, re-
gardless of these difference and similarities, it is difficult to make
a direct comparison for survival benefits among our study and the
two trials, because our study was not a large-scaled, randomized
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controlled trial, but a retrospective study with small subjects. The
exclusively definite fact was that the OS and PFS of patients treat-
ed with HAIC as a first-line therapy were comparable to those of
patients treated with sorafenib in the two trials. Thus, HAIC may
be useful as an alternative option for treatment of advanced HCC.

HAIC for advanced HCC has been widely used in many Asian
countries, including Korea and Japan. Several previous studies
have reported on the survival benefit of HAIC using 5-FU and cis-
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Table 6. Comparison for incidence of HAIGrelated adverse events according to NCI-CTC AE grading

Variables Child-Pugh class A (n=24) Child-Pugh class B/C (n=30) P-value
Neutropenia, n (%)

All grades 19(79.2) 25(83.3) 0.736

Grade 3/4 11 (45.8) 16 (53.3) 0.785
Anemia, n (%)

All grades 23(95.8) 30 (100) 0444

Grade 3/4 11 (45.8) 20 (66.7) 0.169
Thrombocytopenia, n (%)

All grades 22 (91.7) 27 (90.0) 1.000

Grade 3/4 10 (41.7) 18 (60.0) 0.273
Elevated aminotransferase, n (%)

All grades 24.(100) 30 (100) N/A

Grade 3/4 16 (66.7) 26 (86.7) 0.105
Hyperbilirubinemia, n (%)

All grades 22 (91.7) 29 (96.7) 0.579

Grade 3/4 13 (54.2) 23 (76.7) 0.145
Elevated creatinine, n (%)

All grades 8(333) 18 (60.0) 0.061

Grade 3/4 1(4.2) 2(6.7) 1.000
Nausea/Vomiting, n (%)

All grades 13 (54.2) 19 (63.3) 0.582

Grade 3/4 0 0 N/A
Diarrhea, n (%)

All grades 6 (25.0) 10(33.3) 0.561

Grade 3/4 1(4.2) 4(133) 0.367
Fever, n (%)

All grades 14 (58.3) 19 (63.3) 0.783

Grade 3/4 0 0 N/A
No. of patients with serious adverse events >grade 3, n (%) 20 (83.3) 29 (96.7) 0.159
Dose reduction, n (%) 8(33.3) 8(26.7) 0.765
Withdrawal, n (%) 4(16.7) 13 (43.3) 0.044

HAIC, hepatic arterial infusion chemotherapy; NCI-CTC AE, National Cancer Institute’s Common Terminology Criteria for Adverse Events; N/A, not available.

platin, with a response rate ranging from 12.2 to 52%."” The re-
sponse rate (22.2%) of patients enrolled in our study was compa-
rable to those of other previous studies for HAIC in patients with
advanced HCC. As mentioned above, in this study, the median OS
of responders was significantly longer than that of non-responders
(13.1 vs. 4.4 months, P=0.019). Furthermore, the median PFS of
responders was statistically different from that of non-responders
(11.0 vs. 3.6 months, P=0.022). Achievement of complete or par-
tial response after HAIC was an independent prognostic factor of
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0S and PFS (HR: 0.4, 95% Cl: 0.2-0.8, P=0.011, HR: 0.4, 95% ClI:
0.2-0.8, P=0.008). Therefore, better prognoses may be predicted
for patients with more than partial response after HAIC for ad-
vanced HCC. In addition, in order to achieve results of complete
response or partial response after HAIC, increase or maintenance
of dose of cisplatin per cycle may be critical in practice.

In present study, although median OS and PFS of patients with
Child-Pugh class A after HAIC for advanced HCC were longer than
those of patients with Child-Pugh class B/C (8.7 vs. 3.7 months,
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7.1 vs. 3.6 months), no statistical significance was observed. Our
data may support the ability to treat patients with HAIC for ad-
vanced HCC irrespective of Child-Pugh classification. However, re-
gardless of statistical significance, there was a definite difference
of duration. Thus, in clinical practice, HAIC should be administered
with caution in patients with advanced HCC of Child-Pugh class B/C.

All patients in our cohort study experienced at least one or
more adverse events. Toxicity profile as well as severe adverse
events above grade 3 appeared to be at least comparable in all of
the patients independent of Child-Pugh status. In general, pa-
tients with Child-Pugh class B/C seemed to experience more ad-
verse events and serious complications due to poorer hepatic re-
serve. However, the occurrence of adverse events between Child-
Pugh A group and B/C group was not significantly different in real
world. The reason may be associated with direct administration of
5-FU via the hepatic artery. 5-FU, which is a mainstay of HAIC
therapy, is a cytotoxic agent known to inhibit deoxyribonucleic
acid synthases. 5-FU is also known to exacerbate liver damage by
causing liver fibrosis.”” In addition, 17 patients (31.5%) were with-
drawn during the course of HAIC therapy. Most patients (64.7%)
gave up the treatment by themselves due to general weakness or
malaise. This is a critical problem for continuity of care. Psycholog-
ical or emotional status of patients as well as therapy-related
complications or adverse events may in some way influence the
withdrawal of HAIC. The definite cause of this problem is still un-
clear. In order to improve the clinical efficacy of HAIC, we should
try to determine a solution for withdrawal from HAIC.

Insertion of a drug port system for HAIC can cause certain
problems. Implantation of the drug port system may have poten-
tial risk of causing damage to the vascular endothelium with the
catheter. In some cases, administration of cytotoxic agents may be
impossible due to dislocation of the catheter or damage to the ar-
tery. One study reported that 2.6% of patients who received treat-
ment with HAIC experienced mild cerebral infarction." However,
in this study, 28 patients (51.9%) developed catheter-related com-
plications. Bleeding or hematoma occurred most often after im-
plantation of the drug delivery systems (78.6%). The hemorrhages
were minor, requiring only compression, not transfusion. In addi-
tion, all the catheter-related occlusion and infection were resolved
through medical treatments as well as interventions.

There are a few limitations in our study. First, this study was
conducted with a small number of patients in a single center, and
had a retrospective study design. In addition, this study did not in-
clude a control group. Thus, the current study might have a selec-
tion bias. In some patients, the assessment of treatment response
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after HAIC was not performed, which might influence the results
of our study. Thus, we could not definitely confirm the survival
benefits of HAIC for advanced HCC. Some adverse events based
on clinical symptoms or complaints except laboratory results such
as liver function tests might be inaccurate or subjective because
the investigation for adverse events only depended on reviewing
the medical records.

In conclusion, our study showed that HAIC-related median OS
and PFS of patients with Child-Pugh class A were longer than
those of patients with Child-Pugh class B/C, in spite of no statisti-
cal significance (8.7 vs. 3.7 months, 7.1 vs. 3.6 months). In brief,
Child-Pugh class B/C might be marginally associated with poor OS
after HAIC for advanced HCC (P=0.078). All subjects developed
HAIC-related adverse events including serious adverse events >
grade 3, however, no significant difference was observed with re-
gard to Child-Pugh classification. Thus, HAIC should be adminis-
tered cautiously in patients with Child-Pugh class B/C, because of
a relatively low survival and high incidence of serious adverse
events. In addition, our data demonstrated that achievement of
complete or partial response after HAIC could be associated with
better OS and PFS of patients with advanced HCC. HAIC is not yet
a standardized therapeutic modality for advanced HCC. Large ran-
domized trials for HAIC are still lacking, compared with the SHARP
trial and the Asian-Pacific trial for sorafenib. Conduct of further
large-scaled and prospective studies will be needed in order to in-
vestigate clinical efficacy and safety of HAIC for intractable ad-
vanced HCC.
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