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Abstract

AIM: To evaluate the prognostic factors and efficacy of
hepatic arterial infusion chemotherapy in hepatocellular
carcinoma with portal vein tumor thrombosis.

METHODS: Fifty hepatocellular carcinoma (HCC) pa-
tients with portal vein tumor thrombosis (PVTT) were
treated using hepatic arterial infusion chemotherapy
(HAIC) via a subcutaneously implanted port. The epi-
rubicin-cisplatin-5-fluorouracil (ECF) chemotherapeutic
regimen consisted of 35 mg/m’ epirubicin on day 1,
60 mg/m?’ cisplatin for 2 h on day 2, and 500 mg/m’
5-fluorouracil for 5 h on days 1-3. The treatments were
repeated every 3 or 4 wk.

RESULTS: Three (6%) of the 50 patients achieved a
complete response (CR), 13 (26%) showed partial re-
sponses (PR), and 22 (44%) had stable disease (SD).
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The median survival and time to progression were 7
and 2 mo, respectively. After 2 cycles of HAIC, CR was
achieved in 1 patient (2%), PR in 10 patients (20%)
and SD in 26 patients (52%). Significant pre-treatment
prognostic factors were a tumor volume of < 400 cm® (P
= 0.01) and normal levels of protein induced by vitamin
K absence or antagonist (PIVKA)-II (P = 0.022). After 2
cycles of treatment, disease control (CR + PR + SD) (P
= 0.001), PVTT response (P = 0.003) and a-fetoprotein
reduction of over 50% (P = 0.02) were independent fac-
tors for survival. Objective response (CR + PR), disease
control, PVTT response, and combination therapy during
the HAIC were also significant prognostic factors. Ad-
verse events were tolerable and successfully managed.

CONCLUSION: HAIC may be an effective treatment
modality for advanced HCC with PVTT in patients with
tumors < 400 cm?® and good prognostic factors.

© 2013 Baishideng. All rights reserved.
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Core tip: The aim of this study was to investigate the
prognostic factors of hepatic arterial infusion chemo-
therapy in advanced hepatocellular carcinoma patients
with portal vein tumor thrombosis. The primary findings
of this study were as follows: (1) The median survival
and time to progression were 7 and 2 mo, respec-
tively; (2) A tumor volume of < 400 cm’ and protein
induced by vitamin K absence or antagonist-1I were
independent pre-treatment prognostic factors; (3) Dis-
ease control and = 50% tumor marker reduction were
significant prognostic factors after the second cycle of
hepatic arterial infusion chemotherapy (HAIC); and (4)
Objective tumor response, disease control and portal
vein tumor thrombosis response were independent
post-treatment prognostic factors at the end of the
HAIC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer globally and the third most common cause
of cancer mortality". Surveillance of high-risk patients
facilitates the early diagnosis of HCC". Howevet, be-
cause many patients are diagnosed at intermediate or ad-
vanced stages, only 30% of patients benefit from curative
therapies such as resection, transplantation, or percutane-
ous ablation”. For patients with vascular invasion and/or
extrahepatic spread, e, whose tumors were classified as
advanced stage according to the Barcelona Clinic Liver
Cancer (BCLC) staging system, the multi-kinase inhibitor
sorafenib is recommended™. In recent randomized con-
trolled trials, sorafenib significantly increased patient sut-
vival™®. However, contrary to our expectations, the sur-
vival and therapeutic advantages of sorafenib are modest,
and the current cost of the drug precludes sorafenib
from becoming a more generalized treatment tool for
advanced HCC", Systemic chemotherapy also has limited
utility in treating HCC due to frequent toxicity and is not
associated with improved survival®. Therefore, alterna-
tives to sorafenib and systemic chemotherapy are often
required for the treatment of advanced HCC, and hepatic
arterial infusion chemotherapy (HAIC) could be an altet-
native modality.

HAIC using an implantable port system is theoreti-
cally more effective against HCC than systemic chemo-
therapy. HAIC enables anti-cancer agents to be delivered
locally at high concentrations to hypervascular tumors,
thereby keeping systemic concentrations of chemothera-
peutic agents low due to the first-pass effect"”. Many
studies using HAIC have reported that it is a useful mo-
dality for patients with advanced HCC"™. However,
there are limited data defining the clinical factors predict-
ing its efficacy. In this study, we investigated the efficacy
and predictive factors of HAIC in patients with advanced
HCC with portal vein tumor thrombus (PVTT) using the
HAIC regimen, which was composed of epirubicin, cis-
platin, and 5-fluorouracil.

MATERIALS AND METHODS

Patients

Between March 2009 and January 2012, 68 consecutive
patients with advanced HCC underwent HAIC iz an
implantable port system with epirubicin, cisplatin and
5-fluorouracil (5-FU) in Seoul St. Mary Hospital, Seoul,
South Korea. The patients were refractory to previous
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treatments or not amenable to surgery or locoregional
therapies such as ethanol injection, radiofrequency abla-
tion, or transcatheter arterial chemoembolization due to
metastasis or PVTT. HCC was diagnosed either histologi-
cally or using typical radiologic findings of HCC on two
dynamic imaging examinations or one dynamic technique
with an elevated serum q-fetoprotein (AFP) level = 200
ng/rnL“S’l(ﬂ. Among these 68 patients, 50 patients who
had PVTT and received mote than two cycles of HAIC
were enrolled in this study. All tumor thromboses were
radiologically confirmed in the main trunk or in the first
or second branch of the portal vein. Additional inclusion
criteria were a white blood cell count = 3000 cells/mm’
or an absolute neutrophil count = 1000 cells/ mm’ and a
platelet count = 50000 cells/ mm’. Other eligibility crite-
ria included the following: ages 18-75 years, Eastern Co-
operative Oncology Group (ECOG) performance status
of 0 to 1, and a Child-Pugh score < 7. Patients with ex-
trahepatic metastasis were also included in this study be-
cause extrahepatic metastasis is common in HCC patients
with a large tumor and PVTT due to high AFP levels and
large tumor volumes. Exclusion criteria included another
concurrent malignancy or other underlying serious medi-
cal condition such as renal or cardiopulmonary insuffi-
ciency. HCC was staged using the BCLC, modified Union
for International Cancer Control (UICC) and American
Joint Committee on Cancer (AJCC) staging systems. Tu-
mor volume was measured by a single radiologist using
commercially available imaging software (Pinnacle3 with
AcQSim3 v. 8.0, Philips, Fitchburg, WI, United States)
and the summation-of-areas technique with a 5-mm re-
construction thickness.

Implantation of the arterial port system

After skin preparation and local anesthetic injection, the
right common femoral artery was punctured using the
Seldinger technique. The superior mesenteric and celiac
arteries were selected under fluoroscopic guidance. After
the selective angiographies were performed, the right
gastric and gastroduodenal arteries were embolized with
multiple microcoils to prevent reflux of the cytotoxic
drug to the stomach and duodenum. After performing
a follow-up celiac arteriography, a catheter was inserted
and localized to the proper hepatic artery. The skin and
right inguinal region was incised, and the subcutaneous
pocket was prepared viaz dissection. The peripheral end
of the catheter was connected to the infusion port, and
the port device was implanted in a subcutaneous pocket
in the right or left iliac fossa. To prevent the occlusion of
the catheter, 10 mL of saline mixed with 10000 units of
heparin were locked into the port after each cycle of che-
motherapy. Hepatic angiography #ia the port system was
performed every two cycles of treatment.

Chemotherapeutic regimen and additional therapy

The Epirubicin-Cisplatin-5-fluorouracil (ECF) chemo-
therapeutic regimen included 35 mg/ m’ epirubicin on day
1, 60 mg/m2 cisplatin for 2 h on day 2, and 500 mg/m2
5-FU for 5 h on days 1-3. Intravenous hydration was
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performed prior to cisplatin infusion to prevent neph-
rotoxicity, and all patients were given prophylactic anti-
emetic treatment comprised of 5-hydroxytryptamine-3
antagonists. The treatment cycles were repeated every 3
or 4 wk until disease progression, unacceptable toxicity,
or patient refusal to continue. The doses of chemothera-
peutic agents or treatment intervals were adjusted at
every treatment cycle depending on hepatic dysfunction
or significant toxicity. The dose of subsequent treatment
was reduced by 25% when repeated grade 2 or grade 3/4
toxicity occurred during the preceding cycle!”.

During or after the HAIC treatment, additional thera-
pies were performed as necessary, depending on the tu-
mor responses to HAIC, performance status, and hepatic
function. Additional treatment included targeted therapy
with sorafenib, external radiation therapy, transarterial
chemolipiodolization (TACL), systemic chemotherapy,
local therapies such as radiofrequency ablation (RFA) or
percutaneous ethanol injection (PEI), or surgical treat-
ment.

Study assessment

The primary endpoints were an objective response rate
[complete response (CR) + partial response (PR)] and dis-
ease control rate [objective response rate + stable disease
(SD)]. Response evaluations were performed after two
cycles and at the end of the HAIC treatment. The overall
survival (OS) and time to progression (T'TP) were evalu-
ated secondarily. The treatment response was classified ac-
cording to the modified Response Evaluation Criteria In
Solid Tumors (mRECIST). The pretreatment evaluation
included medical history, physical examination, laboratory
tests [complete blood count, blood chemistry, virologic
marker, serum AFP and proteins induced by vitamin K
absence or antagonist (PIVKA)-1I], and imaging studies
such as a computed tomography (CT) scan, magnetic res-
onance imaging (MRI) or positron emission tomography
(PET) scan. During the treatment, toxicity assessment,
laboratory tests, as well as chest and abdominal X-rays
were repeated prior to each treatment cycle. CT scans
were performed every two cycles or as needed to evaluate
the tumor response or to confirm the disease progres-
sion. OS was defined as the time from the first treatment
to death or the last follow-up visit, and TTP was the time
from the first treatment to the radiologic progression.
The patient’s liver function was classified according to the
scheme of Child-Pugh. AFP and PIVKA-1I reduction
were calculated according to the formula [(baseline level-
level after the second cycle)/ (baseline level) X 100] in
patients whose AFP was elevated above 20 ng/ mI"" and
PIVKA-TI was elevated above 40 mAU/mI". The treat-
ment toxicity was assessed using the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) v. 40", The
PVTT response was evaluated using dynamic imaging,
Response was defined as complete disappearance or at
least a 30% decrease in the diameter of PVTT, and non-
response was defined as any case that did not qualify for
response.
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Statistical analysis
The Kaplan-Meier methods and log-rank tests were used
in the analysis of time-to-event variables, and a 95%CI
for the median time to event were computed. Cox-pro-
portional hazard regression models were used to deter-
mine the hazard ratios (HRs) of pre-treatment and post-
treatment prognostic factors for survival. The variables
with P values < 0.05 at univariate analysis were used as
input variables in the multivariate model using the enter
methods. In the multivariate analysis of post-treatment
prognostic factors, hazard ratios were adjusted for the
significant variables in the multivariate analysis of pre-
treatment variables. For each covariate, the proportional
hazard assumption was verified using a log minus log sur-
vival plot, and Cox-Snell residuals were used to evaluate
the fit of the model. A plot of the estimated cumulative
hazard rate versus Cox-Snell residuals followed a 45° line.
The Zz—test or Fisher’s exact test were used for the
analysis of clinical characteristics and prognostic factors
between the disease control group (CR + PR + SD) and
the disease progression group [progressive disease (PD)].
Statistical significance was defined as a P value < 0.05. All
data were analyzed using the SPSS v. 14.0 software (SPSS,
Chicago, IL, United States).

RESULTS

Patients characteristics

The characteristics of the 50 study patients are shown in
Table 1. The median age was 54 years (range, 37-74), and
78% of the patients were male. The most common etiol-
ogy of underlying liver disease was chronic hepatitis B
(78%), and 84% had a Child-Pugh classification of A. All
patients were BCLC stage C due to PVIT and extrahe-
patic metastasis, and 30 patients (60%) had main PVTT
(Vp4). Sixteen patients (32%) had extrahepatic metastasis
at the initiation of HAIC. Twenty-four patients (48%)
received previous treatment, and the most common pre-
vious treatment was TACL.

Treatment efficacy
The patients received a total of 289 cycles of HAIC with
a median of five cycles (range 2-25 cycles). The response
rates are shown in Table 2. After two cycles of HAIC,
11 patients (22%) showed an objective response, and
37 patients (74%) achieved successful disease control.
Based on the best response during HAIC, the objective
response rate was 32% and disease control rate was 76%.
In total, the median OS was 7 mo (95%CI: 5.5-8.5)
and TTP was 2 mo (95%CI: 1.3-2.7), as shown in Figure
1. We assessed the OS according to the presence of ob-
jective response and disease control (Figure 2). The treat-
ment responses were evaluated after the second cycle of
HAIC and at the end of the HAIC treatment. Based on
the best response during HAIC, the median OS was 24
mo (95%CI: 12.9-35.1) in the objective responder group,
5 mo (95%CI: 3.6-6.4) in the non-responder group (P
< 0.001), 8 mo (95%CI: 2.6-13.4) in the disease control
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Table 1 Baseline patient characteristics

Patient characteristics Statistic
Age (yr) 54 (37-74)
Gender (male/female) 39/11
Etiology

HBV/HCV /non-viral 39/6/5
Child-Pugh classification

A5/A6/B7 17/25/8
Staging

BCLC staging C 50

Modified UICC (I /IVa/IVb) 9/31/10
Tumor type

Nodular/massive/infiltrative 3/4/43
Portal vein thrombosis

Vp2/Vp3/Vp4 7/13/30
Maximal tumor size (cm)

<10/=10 26/24

Tumor volume (cm’)! 492.7 (26.1-2746.6)
Extrahepatic metastases 16
Previous treatment

TACL/TACL + RFA/TACL + ERT
Total bilirubin (mg/dL)"

19/3/2
0.87 (0.34-1.99)

PT (INR)' 1.14 (0.94-1.38)
ALT (IU/L)! 37 (15-345)
Platelet count (x 10°/mL)" 133 (50-326)
AFP (ng/mL)" 3084.15 (7.94-426100)

PIVKA-T (mAU/mL)’ 1190 (16-12000)

'Expressed as the median (range). AFP: Alpha-fetoprotein; AJCC:
American Joint Committee on Cancer; ALT: Alanine aminotransferase;
BCLC: Barcelona Clinic Liver Cancer; ERT: External radiation therapy;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; PIVKA: Protein induced
by vitamin K absence or antagonist; PT: Prothrombin time; RFA:
Radiofrequency ablation; TACL: Transarterial chemolipiodolization;
UICC: Union for International Cancer Control.

Table 2 Tumor responses to hepatic arterial infusion

chemotherapy treatment

Response Best Overall  Intra-hepatic
after two  response response tumor
cycles during HAIC after HAIC  response
CR 2% 6% 6% 6%
PR 20% 26% 10% 26%
SD 52% 449% 12% 52%
PD 26% 24% 72% 16%
Objective response 22% 32% 16% 32%
Disease control rate 74% 76% 28% 84%

HAIC: Hepatic arterial infusion chemotherapy; CR: Complete response;
PD: Progressive disease; PR: Partial response; SD: Stable disease.

group and 4 mo (95%CI: 2.9-5.1) in the progressive dis-
ease group (P < 0.001). Based on response after the sec-
ond cycle of HAIC, the median OS was 17 mo (95%CI:
14.6-19.4) in the responder group and 7 mo (95%CI:
5.0-9.0) in the non-responder group (P = 0.034), 11 mo
(95%CI: 6.7-15.3) in the disease control group and 5 mo
(95%CI: 2.9-5.1) in the progressive disease group (P <
0.001).

Prognostic factors of survival
The prognostic factors affecting patient survival were
analyzed by examining the pre-treatment and post-
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Figure 1 Overall survival rate (A) and time to disease progression (B) of
the patients. OS: Overall survival; TTP: Time to disease progression.

treatment parameters shown in Tables 3 and 4. Univari-
ate analysis revealed that four pre-treatment prognostic
factors were significantly associated with survival: tumor
volume (< 400 cm’), Child-Pugh score, pre-treatment
PIVKA-TI level, and AJCC stage. Based on multivariate
analysis, a tumor volume of < 400 cm’ [P = 0.01, HR =
2.520 (95%CI: 1.252-5.072)] and PIVKA-TI [P = 0.022,
HR = 3.121 (95%CI: 1.177-8.274)] were independent
prognostic factors among the pre-treatment parameters.
There was no significant difference in overall survival ac-
cording to the presence of extrahepatic metastasis; the
median OS was 8 mo (95%CI: 5.192-10.808) in the pa-
tients without extrahepatic metastasis and 5 mo (95%CI:
2.387-7.613) in the patients with extrahepatic metastasis (P
= 0.201) (Figure 3).

The post-treatment parameters were analyzed after
the second cycle and at the end of HAIC. Univariate
analysis after the second cycle of HAIC determined that
objective response, disease control, portal vein tumor
thrombosis response, and = 50% reduction of AFP and
PIVKA-TI level were significant post-treatment prognos-
tic factors. Multivariate analysis after the second cycle of
HAIC determined that disease control [P = 0.001, HR =
3.850 (95%CI: 1.768-8.381)], PVTT response [P = 0.003,
HR = 3.398 (95%CI: 1.529-7.552)] and = 50% AFP
reduction [P = 0.02, HR = 3.031 (95%CI: 1.194-7.691)]
were significant predictors for longer survival. At the
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Figure 2 Overall survival of the objective response and disease control groups. A, B: After the second cycle of high-dose hepatic arterial infusion chemotherapy

(HAIC); C, D: During HAIC.

Table 3 Pre-treatment prognostic factors for survival in

hepatic arterial infusion chemotherapy treatment

Multivariate'
HR (95%ClI)

Univariate
HR (95%CI)
Age (< 60/= 60 yr) 0.991 (0.514-1.912)
Gender (male/female) 1.453 (0.687-3.076)
1.693 (0.894-3.204)

Variables
P-value

Maximal tumor size
(<10/= 10 cm)
Tumor volume
(< 400/ = 400 cm®)
Child-Pugh score
(5/>5)
Stage
mUICC stage (II/IV)  1.198 (0.502-2.863)
AJCC (II/IV) 2.133 (1.085-4.193)
Extrahepatic metastases 1.508 (0.772-2.948)
( )
( )

2.509 (1.289-4.885) 2.520 (1.252-5.072) 0.01

2.099 (1.038-4.244) 1.812(0.878-3.738)  0.108

1.803 (0.895-3.634)  0.099

Pre-HAIC treatment 0.939 (0.503-1.755
Portal vein thrombosis  1.603 (0.829-3.100

(Vp4 vs non-Vp4)

AFP level 1.707 (0.845-3.448)

(<200/= 200 ng/mL)

PIVKA-II 2.860 (1.110-7.368) 3.121 (1.177-8.274)  0.022
(<40/= 40 mAU/mL)

'Those variables with P < 0.05 in univariate analysis were included.
AFP: Alpha-fetoprotein; AJCC: American Joint Committee on Cancer;
HAIC: Hepatic arterial infusion chemotherapy; PIVKA: Protein induced
by vitamin K absence or antagonist; mUICC: Modified Union for
International Cancer Control.
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end of the HAIC treatment, univariate analysis was per-
formed with combination therapy and factors related to
tumor response. Six factors were significant: the overall
tumor response (including objective response and dis-
ease control), intrahepatic tumor response (including
objective response and disease control), PVTT response,
and combination therapy. A multivariate analysis at
the end of HAIC treatment determined that objec-
tive tumor response [P = 0.001, HR = 4.445 (95%CI:
1.893-10.439)], disease control [P = 0.003, HR = 3.137
(95%CI: 1.494-6.591)], objective intrahepatic tumor re-
sponse [P = 0.001, HR = 4.445 (95%CI: 1.893-10.439)],
intrahepatic tumor control [P = 0.01, HR = 3.009 (95%CI:
1.302-6.958)], PVTT response [P = 0.001, HR = 8.188
(95%CI: 2.403-27.898)], and combination therapy [P =
0.029, HR = 2.164 (95%CI: 1.082-4.328)] were indepen-

dent predictors for longer survival.

Toxicity

The toxicities observed in this study are summarized in
Table 5. No treatment-related mortality was detected.
The most common toxicities were anemia and aspartate
aminotransferase (AST) elevation, and all patients showed
a toxicity grade of at least 1. The most common grade
3/4 toxicities were thrombocytopenia and AST elevation
(22 patients, 44%). The toxicities were transient, tolerable,
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Table 4 Post-treatment prognostic factors for survival in hepatic arterial infusion chemo-

therapy treatment

Variables Univariate Multivariate'
HR (95%CI)  Adjusted HR (95%CI) P-value’
After 2" HAIC cycle Objective response
Responder 1

Non-responder
Disease control
Control group
Progressive group
PVTT response
Response
Non-response
AFP reduction
=50%
<50%
PIVKA-II reduction
=50%
<50%

2382 (0.995-5.704)

1
3.708 (1.801-7.634)

1
2.531 (1.164-5.505)

1
3.242 (1.297-8.102)

1
3.164 (1.469-6.818)

Response during HAIC Best tumor response
Objective response
Responder 1
Non-responder 4.747 (2.111-10.672)
Tumor control
Control group 1
Progressive group 3.274 (1.594-6.724)
Intra-hepatic tumor response
Objective response
Responder 1
Non-responder 4.747 (2.111-10.672)
Tumor control

Control group 1
Progressive group 3.032 (1.348-6.821)
PVTT response
Response 1

Non-response
Combination therapy

Yes 1

No 2.367 (1.218-4.601)

9.587 (2.879-31.927)

3.850 (1.768-8.381) 0.001

3.398 (1.529-7.552) 0.003

3.031 (1.194-7.691) 0.02

2.254 (0.989-5.137) 0.053
4.445 (1.893-10.439) 0.001
3.137 (1.494-6.591) 0.003
4.445 (1.893-10.439) 0.001

3.009 (1.302-6.958) 0.01
8.188 (2.403-27.898) 0.001

2.164 (1.082-4.328) 0.029

'Adjusted for tumor volume and pre-treatment PIVKA-1I level; *P value for adjusted hazard ratio. AFP:

Alpha-fetoprotein; HAIC: Hepatic arterial infusion chemotherapy; PIVKA: Protein induced by vitamin K

absence or antagonist; PVTT: Portal vein tumor thrombosis.

and successfully managed using a conservative treatment;
there were no discontinuation of the treatment due to
toxicity. Hepatic arterial thrombosis developed in 4 of
the 50 patients. However, thrombolysis by urokinase was
effectively performed, and port removal was required in
only 1 patient. Overall, 37 (74%) of the 50 patients in the
treatment group died during the follow-up. The causes of
death are listed in Table 6. The most common cause of
death was tumor progression (57%), and six patients (16%o)
died from deteriorating hepatic function without any evi-
dence of tumor progression, sepsis, or gastrointestinal
bleeding. Five patients (14%) died from variceal bleeding,
and three (8%) died from infection. Ten patients (20%)
were still alive when the final analysis was performed, and
three patients (6%) were lost to follow-up.

DISCUSSION

Portal vein tumor invasion is a common complication
in HCC, reportedly observed in 64.7% of cases at au-
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4684

topsy[zo]. PVTT often leads to extensive spreading of the
tumor and can increase portal venous blood pressure,
resulting in the fatal rupture of esophageal varices. PVIT
can also decrease portal flow that may lead to ascites,
jaundice, hepatic encephalopathy, or liver failure. There-
fore, the presence of PVTT is one of the most signifi-
cant prognostic factors of poor prognosism’zzl, and it has
been reported that these patients survive only 2.7-4 mo if
left untreated™”. In advanced HCC patients with PVTT,
standard treatments have not been established, especially
in the Asia-Pacific region. Though the BCLC staging sys-
tem recommends sorafenib in these patients, its efficacy
is limited. Thus, HAIC is considered an alternative treat-
ment modality, especially in Japan and South Korea.

In this study, we analyzed the response rate and over-
all survival of HAIC using the ECF regimen. In previ-
ous reports, the response rate and disease control rate
of HAIC in advanced HCC patients with PVTT!"*?I
were 33%-52% and 47%-77%, respectively. The median
OS was 7-10 mo in those studies. The objective response
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Figure 3 Cumulative survival rate according to the presence of extrahe-
patic metastasis.

rate and disease control rate of our study, which are 32%
and 76%, respectively, are in accordance with the above
results. In addition, the median OS of 7 mo was similar
to the results of previous reports. However, our study
included patients with extrahepatic metastasis at the be-
ginning of HAIC, whereas the previous studies excluded
those patients. HAIC treatment is primarily used for the
local control of liver tumors in patients with minimal
extrahepatic spread”’. Extrahepatic tumors would not re-
spond well to HAIC. However, our data support the use
of HAIC in HCC patients with extrahepatic metastasis
because extrahepatic metastasis was not a significant fac-
tor in survival (Figure 3). The mortality in advanced HCC
is related to intrahepatic tumors, and the leading cause
of death in these patients is intrahepatic tumor progres-
sion””™, In this study, all patients had advanced intrahe-
patic HCC with vascular invasion. Because the survival
of these patients was influenced by intrahepatic tumor
progression, extrahepatic metastasis may not influence
overall survival. If the treatment response evaluation is
confined to intrahepatic tumor lesions, the disease con-
trol rate was as high as 84%. These response and disease
control rates are significantly higher than those with
sorafenib treatment”””.

Several studies reported that the therapeutic effective-
ness of HAIC was an important prognostic factor" "
which is consistent with our results. In the present study,
the median OS of the disease control group after two
cycles of HAIC was significantly longer than patients
showing PD. In addition, patients with an objective re-
sponse to HAIC treatment also had significantly longer
survival than non-responders. These results indicate that
the responses to HAIC were independent prognostic
factors. In addition, this study showed that the response
after the second cycle of HAIC also significantly influ-
ences survival; thus, patients with CR, PR or SD after the
second cycle of HAIC could continue HAIC treatment
and expect favorable results.

PIVKA-TI, also known as a des-gamma carboxy pro-
thrombin (DCP), is an alternative tumor marker of AFP
in diagnosing HCC. It is associated with aggressive fea-
tures such as tumor size, vascular invasion, tumor stage
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Table 5 Adverse events related to treatment

Grade 1 Grade 2 Grade 3 Grade 4

Hematological

Leukopenia 26% 38% 8% 0%
Neutropenia 10% 26% 30% 12%
Anemia 26% 48% 26% 0%
Thrombocytopenia 30% 18% 44% 0%
Non-hematological
Total bilirubin 30% 28% 10% 0%
AST 20% 36% 38% 6%
ALT 48% 12% 16% 2%

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Table 6 Causes of death

Patient number (7 = 37)

Disease progression 21
Hepatic dysfunction 6
Variceal bleeding 5
Infection 3
Unknown 2

and survival, and patients with high serum PIVKA-TI
levels have a poor prognosism’m. In the present study, the
median OS in patients with a PIVKA-TI level = 40 and
< 40 mAU/mL wete 7 and 16 mo, respectively (Figure
4). Thus, patients with high serum PIVKA-II levels prior
to HAIC treatment would be expected to have a poorer
prognosis. Some reports state that, independent of pre-
treatment level, tumor marker response to treatment was
associated with survival. Park e# 2™ reported that AFP
and DCP response were independent factors associated
with survival. Personeni ¢ a/' ' reported that AFP re-
sponse is an independent surrogate end point for survival
in patients treated with sorafenib. Similarly, a = 50%
decline in AFP and PIVKA-TI after the second cycle of
HAIC treatment was associated with better outcomes
among the patients with elevated AFP and PIVKA-TI
levels prior to the initiation of HAIC treatment (though
PIVKA-T reduction is not statistically significant by
multivariate analysis) (Figure 4). Therefore, tumor marker
response (AFP and PIVKA-TII) after the second cycle
may be a useful surrogate endpoint for good outcomes
in those receiving HAIC treatment for large HCC with
PVTT.

Many studies have shown that tumor size is a major
determinant of survival™". However, few studies (with
the exception of Hsu ef /) have analyzed survival accord-
ing to tumor volume™. In the current study, multivariate
analysis of the pre-treatment parameters showed that
a tumor volume < 400 cm’ was an independent pre-
treatment prognostic factor, while the maximal tumor di-
ameter was not. Along with tumor volume, we evaluated
the Child-Pugh score as a predictive factor of survival
Though not a significant multivariate variable, a Child-
Pugh score of 5 was an important factor predicting good
outcome (median OS of Child class A5, A6 and B were
16, 7 and 3 mo, respectively). This result is consistent
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Figure 4 Cumulative survival rates. A: According to the pre-treatment a-fetoprotein (AFP) level; B: According to the AFP reduction after two cycles of hepatic arte-
rial infusion chemotherapy (HAIC); C: According to the pre-treatment protein induced by vitamin K absence or antagonist (PIVKA)-1I level; D: According to the PIVKA-

1I reduction after two cycles of HAIC.

with the results of HAIC studies showing that the Child-
Pugh score was an independent survival factor™". Thus,
HAIC using ECF could be indicated in selected patients
with tumor volumes < 400 cm’, good hepatic reserve
function, and low PIVKA-1I levels.

Although many studies using HAIC have been pet-
formed over the last decade, the therapeutic regimen of
this treatment has not been standardized. Ando ez a/'" re-
ported that HAIC using low-dose cisplatin and 5-FU dem-
onstrated a good response rate and survival time in 48 pa-
tients with PVTT, Park ez a/"” showed that repetitive HAIC
with high-dose 5-FU and cisplatin given for 3 d was effec-
tive and safe. In Japan, interferon-combined HAIC is also
commonly used. The ECF chemotherapeutic regimen in
this study consisted of high dose cisplatin and 5-FU in
combination with epirubicin. Woo e# al™ compared high-
dose HAIC with low-dose HAIC and reported that high-
dose HAIC was safe and achieved better tumor response
compared with that of low-dose HAIC. The addition of
epirubicin to the high-dose HAIC regimen resulted in
more effective control of the intrahepatic tumor in our
study.

However, the ECF regimen appears to be more toxic
than in previous reports of high-dose HAIC"™, While
grade 3 hematologic or non-hematologic toxicities com-
prised less than 5% in previous studies, grade 3 leuko-
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penia, anemia, and thrombocytopenia in this study com-
prised 8%, 26% and 44% of the toxicities, respectively,
and hepatic toxicity was higher. In addition, hematologic
toxicities tended to be more common in this study than
in the trials using sorafenib such as the SHARP trial or
an Asia-Pacific trial®”, The more frequent grade 3/4
toxicities in this study may be due to our use of different
inclusion criteria. The hematologic inclusion criteria were
lower than those used in the previous study, and there
were no inclusion criteria related to hepatic function
such as AST, ALT and bilirubin. As a result, our study
included more patients with lower blood cell counts or
higher liver enzyme levels, which could lead to more toxic
adverse events. However, all hematologic and hepatic
toxicity returned to baseline levels within several days.
This study has some limitations. First, we included
patients with extrahepatic metastasis even though HAIC
is only considered effective for the treatment of intrahe-
patic tumors'”. However, extrahepatic metastasis was not
independently associated with survival, and the results
were as good as those of previous studies despite the in-
clusion of patients with extrahepatic metastasis. Second,
because most tumors were of the infiltrative type and
margins were obscure, there was difficulty in accurately
measuring tumor volume. Third, the retrospective nature
of this study is underpowered due to a single arm regis-
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try without a control group. In addition, this study may
have inherent bias associated with a small sample size and
heterogeneous treatments. Thus, large prospective studies
are necessary to establish the efficacy of HAIC using the
ECF regimen in patients with large tumors and PVTT.

In conclusion, HAIC with the ECF regimen may be
a good option for advanced HCC with tumor volumes <
400 cm’ and a normal PIVKA-1I level. In addition, this
study suggests that response to chemotherapy after two
cycles of HAIC, including radiologic tumot control and
tumor marker reduction, is an independent predictor of
longer survival. Therefore, HAIC treatment could be in-
dicated in selected patients with favorable pre-treatment
ot post-treatment prognostic factors.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a major health problem, accounting for more
than 626000 new cases per year worldwide. Most HCC patients are diagnosed
at an inoperable (intermediate or advanced) stage. The prognosis for advanced
HCC is dismal. Sorafenib is the only approved drug for target therapy, and this
drug is recommended for advanced HCC patients according to Barcelona Clinic
Liver Cancer staging system. However, sorafenib shows only modest improve-
ments in survival and tumor response.

Research frontiers

Hepatic arterial infusion chemotherapy (HAIC) has been used as a treatment
modality for advanced HCC. Although sorafenib is regarded as the standard
treatment of advanced HCC, HAIC can be an alternative treatment modality.
The research hotspot in the area of HAIC treatment involves patients who will
have good responses to HAIC.

Innovations and breakthroughs

Until now, the HAIC therapeutic regimen has not been standardized. This study
is the first to use the epirubicin-cisplatin-5-fluorouracil (ECF) regimen, which
consists of epirubicin, cisplatin, and 5-fluorouracil. HAIC treatment using the
ECF regimen showed a good response, and its toxicity was tolerable. While
previous studies on HAIC attempted to investigate the prognostic factors among
the pre-treatment variables and the best response during treatment, this study
revealed that the response after the second cycle of treatment, including ra-
diologic response and tumor marker reduction, is also an important prognostic
factor. The authors measured the actual tumor volume using imaging software
and suggested a cut-off volume that could indicate a good response to HAIC.

Applications

Because the response after the second cycle is an important prognostic factor,
those who showed a good response after the second cycle can continue the
HAIC treatment and can expect favorable results.

Terminology

HAIC: HAIC is one type of arterial chemotherapy used in advanced hepatocel-
lular carcinoma. HAIC requires an implantable port system for which a catheter
is inserted and localized to the proper hepatic artery. HAIC enables the local
delivery of high concentrations of anti-cancer agents to tumors, thereby main-
taining a low systemic concentration of chemotherapeutic agent.

Peer review

This is a good article about the use of HAIC in the treatment of advanced HCC with
portal vein tumor thrombosis. HAIC is shown to be an effective treatment modality.
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